


 

THE 2nd INTERNATIONAL CONFERENCE ON ADVANCED 

TECHNOLOGY AND SUSTAINABLE DEVELOPMENT 2022 

(ICATSD 2022) 
 

 

  

 

 

 

 

 

 

 

 

 

 
INTERNATIONAL SYMPOSIUM FOR  

GREEN SOLUTIONS 

(ISGS 2022) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

INDUSTRIAL UNIVERSITY OF HO CHI MINH CITY 

PUBLISHING HOUSE 



  

 

 

 

 

  



 

THE 2nd INTERNATIONAL CONFERENCE ON ADVANCED TECHNOLOGY  

AND SUSTAINABLE DEVELOPMENT – 2022 (ICATSD 2022) 

---------------------------- 
ORGANIZING COMMITTEE 

 Dr. Phan Hong Hai, Industrial University of Ho Chi Minh City, Vietnam 

 Prof. Dr. Le Van Tan, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Dam Sao Mai, Industrial University of Ho Chi Minh City, Vietnam 

 Dr. Nguyen Xuan Hong, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Trinh Ngoc Nam, Industrial University of Ho Chi Minh City, Vietnam 

 Dr. Le Ngoc Son, Industrial University of Ho Chi Minh City, Vietnam 

 Mr. Nguyen Dinh Hien, Industrial University of Ho Chi Minh City, Vietnam 

 Mr. Nguyen Tan Loi, Eastern International University, Vietnam 

 Dr. Nguyen Van Phuc, Eastern International University, Vietnam 

 Dr. Ngo Minh Duc, Eastern International University, Vietnam. 

 Mr. Nguyen Manh Cuong, Agency for Southern Affairs of Ministry of Science and Technology, 

Vietnam 

 Dr. Le Thanh Minh, Department of Science and Technology Ho Chi Minh City, Vietnam 

SCIENTIFIC COMMITTEE 

 Dr. Phan Hong Hai, Industrial University of Ho Chi Minh City, Vietnam 

 Prof. Dr. Le Van Tan, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Dam Sao Mai, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Duong Hoai Nghia, Eastern International University, Vietnam 

 Prof. Dr. Le Tien Thuong, University of Technology, Vietnam 

 Prof. Dr. Ho Pham Huy Anh, HCMC University of Technology, Vietnam 

 Prof. Dr. Yongwan Won, Chonnam National University, South Korea 

 Assoc. Prof. Dr. Nguyen Tan Luy, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Huynh Trung Hieu, Industrial University of Ho Chi Minh City, Vietnam 

 Prof. Dr. Bernard Tychon, Liege University, Belgium 

 Prof. Dr. Petra Schneider, Applied Sciences University Magdeburg-Stendal, Germany 

 Prof. Dr. Byeong-Kyu Lee, University of Ulsan, South Korea 

 Prof. Dr. Tomio Miwa, Nagoya University, Japan 

 Prof. Dr. Ping Chung Kuo, National Cheng Kung University, Taiwan 

 Prof. Dr. Lin Woo Kang, KonKuk University, South Korea 

 Prof. Dr. Min-Ren Yan, Member of The Editorial Board of Measuring Business Excellence 

 Prof. Dr. Tony Chieh-Tse Hou, NDHU National Dong Hwa University, Taiwan 

 Assoc. Prof. Dr. Tran Thi Giang Tan, University of Economics Ho Chi Minh City, Vietnam 

 Prof. Dr. Yuan Ju Long, Zhejiang Uni. of Technology, China 

 Prof. Dr. Wang Dung An, National Chung Hsing Uni., Taiwan 

 Prof. Dr. Choi Seung Bok, The State University of New York, Korea 

 Prof. Dr. Lyu Bing Hai, Zhejiang University of Technology, China 

 Dr. Miang Koon Ng Judy, HBU-UCLan, Associate Fellow Higher Education Academy, UK 

 Dr. Tran Thi-Lan, Department of East Asian Language and Literature, National University of 

Kaohsiung, Taiwan 

 Prof. Dr. Nguyen Van-Cong, Industrial University of Ho Chi Minh City, Vietnam. 

 Assoc. Prof. Dr. John Luke Gallup, Portland State University, USA. 

 Prof. Dr. Fabien De Geuser, Dean at CFVG, French Vietnamese School of Management, ESCP 

Europe  

 

 



  

 

 

 

 

  



 

INTERNATIONAL SYMPOSIUM FOR GREEN SOLUTIONS (ISGS 2022) 
---------------------------- 

ISGS 2022 SCIENTIFIC COMMITTEE 

 Prof. Dr. Bernard Tychon, Liege university, Belgium 

 Prof. Dr. Petra Schneider, Applied Sciences University Magdeburg-Stendal, Germany 

 Prof. Dr. Byeong-Kyu Lee, University of Ulsan, South Korea 

 Prof. Dr. Tomio Miwa, Nagoya University, Japan 

 Prof. Dr. Ping Chung Kuo, National Cheng Kung University, Taiwan 

 Prof. Dr. Lin Woo Kang, KonKuk University, South Korea 

 Prof. Dr. Thai Hoang, Institute for Tropical Technology, Vietnam Academy of Science and 

Technology, Vietnam 

 Prof. Dr. Chanatip Samart, Thammasat University, Thailand 

 Prof. Dr. Haibo Zhang, Huazhong University of Science and Technology, China 

 Prof. Dr. Ognjen Milianic, University of Houston, USA 

 Prof. Dr. Yong-Ill Lee, Changwon National University, South Korea 

 Prof. Dr. Mohd Roslee Othman, Universiti Sains Malaysia, Malaysia 

 Assoc. Prof. Dr. Le Hung Anh, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Luong Van Viet, Industrial University of Ho Chi Minh City, Vietnam    

 Prof. Dr. Le Van Tan, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Dam Sao Mai, Industrial University of Ho Chi Minh City, Vietnam 

 Prof. Dr. Tran Dinh Thang, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Trinh Ngoc Nam, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Nguyen Van Cuong, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Tran Nguyen Minh An, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Nguyen Thanh Binh, Industrial University of Ho Chi Minh City, Vietnam 

 Assoc. Prof. Dr. Nguyen Thi Minh Nguyet, Industrial University of Ho Chi Minh City, Vietnam 

 Dr. Nguyen Ba Thanh, Industrial University of Ho Chi Minh City, Vietnam 

 Dr. Nguyen Thi Kim Anh, Industrial University of Ho Chi Minh City, Vietnam 

 Dr. Nguyen Thi Thanh Truc, Industrial University of Ho Chi Minh City, Vietnam 

 Dr. Nguyen Chi Hieu, Industrial University of Ho Chi Minh City, Vietnam 

 Dr. Vo The Ky, Industrial University of Ho Chi Minh City, Vietnam 

 Prof. Dr. Hara Kenji, Tokyo University of Technology, Japan 

 Assoc. Prof. Dr. Arakawa Takahiroi, Tokyo University of Technology, Japan 
 

 

  



  

 

 

 

 



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   1 

 

CONTENTS 

 

ICATSD2F.301 .............................................................................................................................. 5 

HEPATOPROTECTIVE EFFECT OF BLACK SHALLOT (Allium ascalonicum) 

AGAINST ALCOHOL-INDUCED HEPATIC DAMAGE IN SWISS ALBINO MICE 

GIA-BUU TRAN, THANH-MINH THI NGO 

ICATSD2F.302 ............................................................................................................................ 14 

EVALUATION OF THE CHANGES IN ASCORBIC ACID, TOTAL POLYPHENOLS, 

AND ANTIOXIDANT ACTIVITIES OF PASTEURIZED PUMMELO JUICE USING 

OHMIC HEATING 

DOAN NHU KHUE, LE NHAT TAM, NGUYEN THI HUONG, PHAN THUY XUAN 

UYEN, LAI QUOC DAT, LE THI KIM PHUNG 

ICATSD2F.303 ............................................................................................................................ 25 

THE EFFECT OF BIOCHAR ON PHOSPHATE ADSORPTION CAPACITY OF A 

HAPLIC ACRISOL IN TAY NINH PROVINCE: BIOCHAR FROM QUAIL DUNG 

NGUYEN VAN PHUONG, NGUYEN KHANH HOANG 

ICATSD2F.304 ............................................................................................................................ 38 

A POTENTIAL SOLUTION IN SUSTAINABLE AGRICULTURE: STUDYING THE 

EFFECTS OF BIOCHAR AND BENTONITE APPLICATION ON PH AND PH 

BUFFERING CAPACITY OF AN ACRISOLS SOIL IN CUCHI, HCM CITY 

NGUYEN VAN PHUONG, LE BA LONG, NGUYEN KHANH HOANG 

ICATSD2F.305 ............................................................................................................................ 49 

GREEN ZINC OXIDE NANOPARTICLES BASED ON PLANT LEAF EXTRACT 

FOR CATALYTIC DEGRADATION OF ORGANIC DYES 

THI LAN ANH TRAN 

ICATSD2F.306 ............................................................................................................................ 58 

STUDY TO EVALUATE THE EFFECTS OF CLIMATE CHANGE ON THE 

AMOUNT OF PERMEABILITY FOR GROUNDWATER RECHARGE IN LA NGA 

RIVER BASIN, LAM DONG PROVINCE 

NGUYEN THI HANG, TRIEU THANH TAN, TRAN THI THANH XUAN, HUYNH 

HOANG DUY 

ICATSD2F.307 ............................................................................................................................ 67 

RESEARCHING TO ASSESS THE LEVEL OF WATER SCARCITY IN RIVER 

BASINS IN LAM DONG PROVINCE IN THE CONTEXT OF CLIMATE CHANGE 

NGUYEN VAN TRINH, NGUYEN THI HANG, TRAN THI THANH XUAN 

ICATSD2F.308 ............................................................................................................................ 79 

WATER BALANCE CALCULATION USING MIKE BASIN MODEL FOR DA NHIM 

RIVER BASIN, LAM DONG PROVINCE 

NGUYEN THI HANG, NGUYEN VAN TRINH, NGUYEN THI MY NGA, NGUYEN KY 

PHUNG 

ICATSD2F.309 ............................................................................................................................ 89 

STUDY ON THE INFLUENCE OF ENZYME DEGUMMING METHOD ON SELF-

DYED SILK 

TRAN NGUYEN TU UYEN, HOANG THANH THAO, BUI MAI HUONG 



International Symposium for Green Solutions (ISGS 2022) 

2  ©2022 Industrial University of Ho Chi Minh City                                                                                              

ICATSD2F.310 ............................................................................................................................ 96 

RECOVERY OF PHOSPHORUS FROM DRIED SEWAGE SLUDGE  FOR 

FERTILIZER FORMULATIONS 

ZAHEER A. SHARIFF, DAVID LELEU, ANDREAS PFENNIG 

ICATSD2F.311 .......................................................................................................................... 106 

RESEARCH ON POLYPHENOLS EXTRACTION AND ANTIBACTERIAL 

CAPACITY FROM CYPERUS ROTUNDUS L. ROOTS 

DO VIET PHUONG, LUU THAO NGUYEN, NGO THI NGOC ANH, NGUYEN                  

VAN HOA 

ICATSD2F.312 .......................................................................................................................... 114 

SUSTAINABLE BIOECONOMY OR CO2-ECONOMY:  WHAT DOES THE FUTURE 

HOLD?  

ANDREAS PFENNIG 

ICATSD2F.313 .......................................................................................................................... 123 

STUDY ON PRACTICAL APPLICATION OF ADVANCED OXIDATION PROCESS 

(AOP) AND REVERSE OSMOSIS (RO) MEMBRANE FOR TREATMENT OF HIGH-

STRENGTH WASTEWATER 

NGO ANH DAO HO, NGUYEN VAN HIEU 

ICATSD2F.314 .......................................................................................................................... 132 

TUNING THE VISIBLE LIGHT-SENSITIVE REDUCED GRAPHENE OXIDE (rGO) 

BY A FACILE ANNEALING ROUTE 

THANH-KHUE VAN, VAN-CUONG NGUYEN, VAN-TRONG NGUYEN, XUAN 

THANG CAO, VO THANH-CONG 

ICATSD2F.315 .......................................................................................................................... 141 

THE RELATIONSHIP BETWEEN SEA SURFACE TEMPERATURE AND SURFACE 

AIR TEMPERATURE IN THE SOUTH OF VIETNAM AND BUILDING EXCESSIVE 

HEAT WARNING INDEX 

LUONG VAN VIET, BUI DANG HUNG, TRAN THI THU THUY 

ICATSD2F.316 .......................................................................................................................... 154 

ESTABLISHING THE FORMULA FOR FOAM – EMULSION FROM USING 

LABLAB BEAN AQUAFABA AND XANTHAN GUM AS EGG/MILK 

REPLACEMENT 

NGUYEN THI MINH NGUYET, NEANG ROT SA THIA, PHU AI VAN,  

NGUYEN PHUONG BAO NGOC 

ICATSD2F.317 .......................................................................................................................... 163 

QSPR-BASED MODEL APPLICATION FOR CALCULATING OF THE STABILITY 

CONSTANTS OF METAL-THIOSEMICARBAZONE COMPLEXES 

NGUYEN MINH QUANG, NGUYEN HOANG MINH, PHAM VAN TAT 

ICATSD2F.318 .......................................................................................................................... 174 

WEARABLE ENZYMATIC URIC ACID BIOSENSOR FOR APPLICATION TO 

MONITORING OF SKIN CONDITION 

MIZUKI SATO, TAKAHIRO ARAKAWA 

  



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   3 

ICATSD2F.319 .......................................................................................................................... 180 

COMPARISION OF INDOOR AIR QUALITY BEFORE AND AFTER 

VENTILATION RENOVATION: A CASE STUDY FOR TWO TUBE HOUSES                     

IN HO CHI MINH CITY, VIET NAM 

NGOC PHUONG T. BUI, HUNG ANH LE, JEAN-MARIE HAUGLUSTAINE 

ICATSD2F.320 .......................................................................................................................... 191 

INFLUENCE OF AGEING AND DEPTH-DEPENDENT PROPERTIES ON 

COMPOSITION AND CHARACTERISTICS OF SOLID WASTE AT LANG DAI 

COMMUNE, DAT DO DISTRICT 

LE VIET THANG, DO DOAN DUNG 

ICATSD2F.321 .......................................................................................................................... 203 

POTENTIAL HEAVY METAL CONTAMINATION OF GROUNDWATER IN CA 

MAU PROVINCE, VIETNAM 

PHAM ANH DUC, TRAN CAM NHUNG, HUYNH CONG CHANH, NGUYEN THUY 

LAN CHI, THIEU VAN VU DUC 

ICATSD2F.322 .......................................................................................................................... 216 

THE ROLE OF CITRUS FIBER ON THE TEXTURE OF GLUTEN-FREE, SUGAR-

FREE, AND BUTTER-FREE BISCUITS FROM LABLAB BEAN, PUMPKIN, AND 

BANANA 

NGUYEN THI MINH NGUYET; PHAN NHU PHUONG, NGUYEN THI TUYET TRINH, 

NGUYEN PHUONG BAO NGOC 

ICATSD2F.323 .......................................................................................................................... 228 

EPIGENETICS - THE CONNECTION OF NUTRITIONAL SCIENCE AND MODERN 

MEDICINE: A REVIEW 

NGUYEN THI MINH NGUYET, NGUYEN HOANG NAM, LE NGOC VAN 

ICATSD2F.324 .......................................................................................................................... 245 

PURIFICATION AND CHARACTERIZATION OF NOVEL THERMOSTABLE 

ALKALINE AMYLASE FROM Streptomyces sp. RBXK3 

HANH THI DIEU NGUYEN, TAN VIET PHAM, TRUONG CHINH HUA 

TRANG THI THUY DUONG, NGOC AN NGUYEN 

ICATSD2F.325 .......................................................................................................................... 253 

CONTINUOUS SPRAY DRYING SYNTHESIS OF MESOPOROUS 

BOEHMITE/MELAMINE COMPOSITE SPHERES WITH IMPROVED CO2/N2 

SEPARATION PERFORMANCE 

VAN NHIEU LE, VAN CUONG NGUYEN, HOAI DUC TRAN, JINSOO KIM 

ICATSD2F.326 .......................................................................................................................... 269 

APPLICATION OF WASTE DOLOMITE COUPLED WITH FELDSPAR FOR SOIL 

AMENDMENT 

KREANGKRAI MANEEINTR, KITTIN PRAMPONGPUN, WORAMET LEELA-

ADISORN, ARAN HONGTHONG, JAKAPAN PIMOLRAT 

 



International Symposium for Green Solutions (ISGS 2022) 

4  ©2022 Industrial University of Ho Chi Minh City                                                                                              

  



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   5 

ICATSD2F.301 

HEPATOPROTECTIVE EFFECT OF BLACK SHALLOT (Allium ascalonicum) 

AGAINST ALCOHOL-INDUCED HEPATIC DAMAGE IN SWISS ALBINO 

MICE 
 

GIA-BUU TRAN 1,2*, THANH-MINH THI NGO 2,3 

1 Division of Molecular and Cellular Pathology, Department of Pathology, Heersink School of Medicine, 

University of Alabama at Birmingham, USA 
2Institute of Biotechnology and Food-technology, Industrial University of Ho Chi Minh City, Vietnam 

3 Laboratory of MICCO-NAMBO Mining Chemical Industry Company Limited, Phuoc Thanh Quarter, 

Vietnam 
* Gia-Buu Tran (Ph.D.), Heersink School of Medicine, University of Alabama at Birmingham, 

giabuu06cs@gmail.com, gtran@uabmc.edu 

 

Abstract. Black shallot is an innovative food produced by Maillard reaction and aging process of fresh 

shallot in a regulated humidity and temperature chamber. The incubation process not only changes the 

texture, color, and offensive flavor of fresh shallot but also enhances its bioactivities such as anti-oxidant, 

anti-cancer, anti-inflammatory effects. In this study, we evaluated the hepatoprotective effect of black 

shallot versus fresh shallot in an alcohol-induced hepatic damage.The pathological model was established 

via oral administration of ethanol (30 mL of 28.5% ethanol/kg B.W. for 30 days), and liver injury severity 

was assessed via the changes in liver weight, lipid profile (triglyceride, total-, LDL, HDL-Cholesterol), 

biochemical testing (ALT, AST, LDH) as well as histological analysis. The results showed that the 

treatment regimen with black shallot (200 mg/kg B.W.) prevented the changes in body weight and liver 

weight, lipid profile, and biochemical parameters.Furthermore, HE staining indicated that black shallot 

reduced liver injury and infiltration of mononuclear cells and kept normal portal space structure. This study 

proves that black shallot possesses the stronger hepatoprotective effect compared to fresh shallot and 

provides scientific evidence to utilize black shallot as the new functional food to support the treatment of 

hepatic disease. 

 

Keywords. Aging process, alcohol-induced liver injury, bioactivity, black shallot, functional food, 

hepatoprotective effect.  

1 INTRODUCTION 

Alcohol consumption is common in several cultures worldwid and alcohol abuse is one of major factors 

affecting global healthcare outcomes. Axley et al. indicated that a large number of adults over the world 

and in the United States (38% and 60-70%, respectively) drank alcohol during the past 12 months and 

alcohol consumption caused about 4.2% of the global burden of disease [1].In Vietnam, a previous study 

estimated that the prevalence of alcohol consumption one month in the rural region was 35% and a total of 

35% of them were excessive drinkers [2]. Alcohol use is also associated with over 200 types of diseases 

and injuries, such as hyperlipidemia, hypertension, heart diseases, and liver diseases [3, 4].Because the liver 

is the primary organ in charge of metabolizing ethanol; therefore, the liver has been susceptible to acute or 

chronic alcohol binges on account of both high concentrations of alcohol in the portal area and the presence 

of metabolites from ethanol metabolism [5]. According to Rocco et al., ethanol and its derivatives, including 

ethanol-protein adducts, fatty acid ethanol esters, acetaldehyde-acetate possess toxicity effects on not only 

the liver, but also pancreas and other organs of gastrointestinal tract [6].Additionally, chronic and excessive 

alcohol exposure links with a range of liver diseases, from steatosis, and hepatitis, to fibrosis/cirrhosis [7].  

Recently, many researchs have focused on herbal remedies and their bioactive compounds to treat and 

prevent liver injury and diseases due to their safety and less expensive cost [8].For example, Ginkgo biloba, 
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one of the famous herbs in Chinese traditional medicine, could protect against liver injury induced by 

methotrexate through modulation of IL-6/STAT3 signaling pathway and down regulation of miRNA-21 

[9]. In addition, silymarin, the main constituent of Silybum marianum (commonly known as milk thistle), 

is regarded as a widely use reagent for the prevention and treatment of liver injury from a variety of factors, 

from acetaminophen overdose to Hepatitis C virus infection [10, 11]. In line with this idea, some research 

also proved the hepatoprotective effect of Persian shallot (Allium hirtifolium) in streptozotocin-induced 

diabetic model and cadmium-induced hepatotoxicity model [12, 13]. Shallot (Allium ascalonicum) is an 

edible vegetable and common use herb in Vietnamese cuisine. Furthermore, it also is a chief source of 

antioxidants, flavonoids, sulfur compounds and exerts a variety of bioactivities and health benefits, such as 

anti-obesity, anti-cancer, anti-inflammatory, anti-microbial, anti-diabetic effects [14]. In recent years, black 

shallot has newly developed from fresh shallot via the aging process in high temperature and humidity 

environments. The aging process not only changes the physicochemical characteristics of fresh shallot to 

produce a dark brown product (black shallot) with pleasant and sweet taste, jelly texture but also improves 

its anticancer, anti-inflammatory, anti-oxidant activities of black shallot [15]. However, other bioactivities 

of black shallot have not been studied yet. In this study, we investigated the hepatoprotective effect of black 

shallot on the alcohol-induced liver injury model. 

 2 MATERIALS & METHODS 

2.1 Preparation of black shallot extract 

Shallots (Allium ascalonicum) were obtained from the local market in Vinh Chau Town, Soc Trang 

Province, Vietnam. After rinsing with cold tap water, deteriorated parts and skin of shallot were removed, 

then shallot was incubated in the aging chamber at 70oC for 18 days. Black shallots (Figure 1) were 

homogenized in distilled water (ratio 1 sample: 5 water) using blender, and aqueous extract was obtained 

via filtration through a membrane filter (0.22 µm pore size). The extract was divided into several 15 mL 

tubes and frozen at -20oC. The aliquot of the extract was thawed before the experiment. 

2.2 Experimental animals 

Swiss albino mice (male, 8-10 week-old, weighting 30-33 g) were provided by Pasteur Institute of Ho Chi 

Minh City. All animals were housed in glass cages with wood shaving bedding and acclimated to laboratory 

conditions for 2 weeks before the experiment. The mice were granted free access to standard chow 

(Anifood, Vietnam) and water. All animals received human care and usage according to Vietnamese 

legislation on the use and care of laboratory animals (Law of Animal Health, No.79/2015/QH13) and 

Guideline for Preclinical and Clinical Trials of Traditional Medicines and Pharmaceuticals (Decision 

141/QD-K2DT of Administration of Science Technology and Training,  The Ministry of Health of Vietnam, 

2015) [16]. 

A total of 25 healthy mice were randomly divided into 5 groups (5 mice per group) as follows: 

+ Control group (saline group), the animals received the same volume of saline (30 mL/kg B.W. per 

day, p.o.) for 30 days;  

+ Black shallot extract control group (BS group), the mice received black shallot extract at the dose of 

200 mg/kg B.W. per day for 30 days to examine the side effect of the extract under normal conditions;  

+ Pathological group (EtOH group), the mice received 30 mL of ethanol 28.5% /kg B.W. per day p.o. 

for 30 days to establish the alcohol-induced liver injury model [17]; 

+ Fresh shallot extract group (FS+EtOH group), the mice were treated with fresh shallot at the same 

dose of black garlic (200 mg/kg B.W. p.o.) and then co-treated with 30 mL of ethanol 28.5%/kg B.W. after 

1 hour, for 30 days; 

+ Co-treated black shallot and ethanol group (BS+EtOH group), the mice received black shallot extract 

at a dose 200 mg/kg B.W. p.o. before 1-hour oral administration of 30 mL of ethanol 28.5%/kg B.W. per 

day for 30 days. Due to the high volume of ethanol used in this experiment, both alcohol and extract were 

given in two divided doses per day to prevent the hyponatremia effect.  
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2.3 Measurement of body weight, liver weight, and relative liver weight 

After 30 days, the mice have fasted overnight, and body weights were directly measured using an electronic 

scale. Subsequently, they were anesthetized via inhalation of diethyl ether and blood was obtained via retro-

orbital puncture into a heparinized tube for biochemical analysis. The cervical dislocation was used as the 

secondary method of euthanasia. The mice were dissected to collect livers, then livers were weighed using 

an electronic scale, followed by fixing in 10% formaldehyde for further histological analysis. Relative liver 

weight was determined using the formula: (relative liver weight (%) = liver weight/body weight × 100) 

[18]. The results were presented as Mean ± standard deviation.  

2.4 Biochemical analysis 

After collecting into heparinized tube, the plasma was separated by centrifugation. The changes in lipid 

profile, including triglycerides, total, HDL, LDL-cholesterol as well as liver enzymes such as alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH)  among the 

experimental group were determined by clinical chemistry analyzer (Selectra E, Netherlands). The results 

were presented as Mean ± standard deviation.  

2.5 Histological analysis 

After fixing in 10% formaldehyde, Hematoxylin and Eosin staining was conducted to evaluate histological 

features using Tran et al. procedure [18]. Briefly, livers were cleaned in xylene and embedded in paraffin 

wax. Livers were cut into 4-6 µm thick sections by microtome, followed by staining with Hematoxylin and 

Eosin. The liver sections were observed and analyzed under a light microscope.   

2.6 Statistical analysis 

Statistical analysis was performed using Statgraphics Centurion XVI software (Statpoint Technologies Inc., 

USA) and differences among groups were analyzed using one-way analysis of ANOVA variance analysis, 

followed by the Multiple Range Test, and the criterion of statistical significance was set as p<0.05. 
 

 

Figure 1: Black shallots are generated via the aging process in high temperature and humidity. (A) Fresh shallots 

(B) Black shallots 

3 RESULTS &DISCUSSSION  

3.1 Black shallot extract improves the changes in body weight, liver weight, and relative 

liver weight of alcohol-induced hepatic damage model 

As shown in Table 1, liver weight and relative liver weight of alcohol-treated group (EtOH) were 

significantly higher compared to the control group (saline). In addition, bodyweight of EtOH group was 

lower than those of the control mice (30.34 ± 1.13 versus 35.17 ± 0.96 g, respectively, p<0.05). These 

results were in agreement with previous studies and provided preliminary evidence for the successful 

establishment of the hepatic damage model [17, 19]. Furthermore, administration of black shallot extract 

only for 30 days did not affect the body weight, liver weight, and liver index (relative liver weight) in 

comparison with control, which suggests that the regimen of black shallot is safe. Note that fresh shallot 

and black shallot also reduce liver weight, relative liver weight, along with an increase in body weight as 

compared to alcohol-treated mice (Table 1). In 2020, Ounjaijean and Somsak proposed that shallot extract 
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reversed the decrease in body weight caused by ethanol treatment in the liver injury model [20]. These 

results are in line with Ounjaijean and Somsak’s work and provides the preliminary evidence of the 

beneficial effect of black shallot against alcohol-induced liver injury. 

Table 1: Body weight, liver weight, and relative weight of experimental mice 

 Body weight (g) Liver weight (g) 
Relative liver weight 

(%) 

Group 1 

(Saline) 
35.17 ± 0.96b 1.58 ± 0.09ab 4.50 ± 0.25ab 

Group 2 

(BS) 
35.08 ± 1.05b 1.53 ± 0.07a 4.36 ± 0.25a 

Group 3 

(EtOH) 
30.34 ± 1.13a 1.93 ± 0.10c 6.36 ± 0.23c 

Group 4 

(FS+EtOH) 
35.09 ± 0.89b 1.67 ± 0.09b 4.77 ± 0.31b 

Group 5 

(BS+EtOH) 
35.18 ± 0.90b 1.66 ± 0.12b 4.71 ± 0.22b 

Data were shown as Mean ± SD and the superscript letters (a, b, c) among columns denoted the significant difference 

among groups 

3.2 The beneficial effect of black shallot on biochemical parameters 

The liver is the main organ responsible for lipid metabolism and alteration of lipid profile is correlated with 

some liver damage and diseases, such as acute hepatitis [21]. In the previous study performed in China with 

acute hepatitis patients, Lou et al. observed a significant increase in plasma triglyceride and LDL-

cholesterol in the patient in comparison with the sex and age matched normal subjects; whereas their HDL-

cholesterol levels were lower than those of the usual [21]. According to Klop et al., excessive alcohol 

consumption links not only with an elevation of plasma triglyceride but also to alcoholic fatty liver disease, 

pancreatitis, and cardiovascular disorders as well [22]. Because of those reasons, we examined the benefits 

of black shallot on the alteration of lipid profile caused by alcohol.  

As shown in Table 2, alcohol treatment induced an elevation of both triglyceride (46.9%), total cholesterol 

(49.8%), and LDL-cholesterol (157.6%) along with a decline of HDL-cholesterol (30.5%) as compared to 

the control group. The results were in line with Wang et al. research, in which a diet supplemented with 

35% ethanol could induce liver total cholesterol and triglyceride content [23]. Both black shallot and fresh 

shallot could inverse the alteration of total cholesterol, triglyceride, HDL, LDL-cholesterol, but only black 

shallot could improve all indices of lipid profile into a normal range. Additionally, Medhi et al. also reported 

that fresh Persian shallot (A. hirtifolium) could reduce plasma level of triglyceride, LDL-cholesterol and 

increase HDL-cholesterol in streptozotocin-induced diabetic rats [24]. In this study, fresh shallot exhibited 

a beneficial effect on lipid profile and could reverse total cholesterol to the normal range but not the others. 

Data from this study suggest that black shallot has a stronger hypolipidemic effect than fresh shallot, which 

also supplements with other research to imply higher efficacy of black shallot in beneficial effects such as 

anti-inflammatory, anti-cancer, anti-oxidant effects [15]. 
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Table 2: The changes in lipid profiles in experimental groups 

 

 
Total cholesterol 

(mg/dL) 

Triglyceride 

(mg/dL) 
LDL  cholesterol 

(mg/dL) 

HDL  cholesterol 

(mg/dL) 

Group1 

(Saline) 
149.54 ± 10.85ab 124.65 ± 11.49a 53.56 ± 6.21a 71.05 ± 7.84c 

Group 2 

(BS) 
150.02 ± 11.96ab 121.69 ± 17.86a 52.79 ± 7.60a 72.90 ± 6.00c 

Group 3 

(EtOH) 
223.96 ± 14.58c 183.13 ± 16.34b 137.98 ± 9.84b 49.36 ± 6.81a 

Group 4 

(FS+EtOH) 
163.27 ± 10.26b 156.68 ± 12.67c 71.54 ± 9.43c 60.39 ± 6.36b 

Group 5 

(BS+EtOH) 
145.33 ± 9.64a 116.32 ± 11.40a 48.67 ± 5.58a 73.39 ± 4.81c 

Data were shown as Mean ± SD and the superscript letters (a,b,c) among columns denoted the significant difference 

among groups 

Furthermore, there is no remarkable difference in biochemical parameters of black shallot treated group 

and control group, including ALT (57.08 ± 7.95 and 62.50 ± 5.51 U/L, respectively, p>0.05), AST (119.64 

± 16.63 and 111.44 ± 13.79 U/L, respectively, p>0.05), and LDH (631.38 ± 78.90 versus 586.74 ± 45.27 

U/L, accordingly, p>0.05), which implies the safety of black shallot at this concentration (200 mg/kg B.W.) 

for sub-chronic phase  (30 days). The results presented in Figure 2 also indicated ethanol treatment resulted 

in a dramatic elevation of LDH, AST, ALT (1662.10 ± 93.39, 252.00 ± 15.92, 166.80 ± 14.70 U/L, 

respectively) as compared to saline-treated group. Among them, ALT and AST are two common use 

biomarkers characterized for liver injury in both laboratory research and clinical diagnosis levels [25]. 

Besides, LDH is considered a biomarker specific for ischemic hepatic damage [26]. Mir et al. indicated that 

ethanol treatment induces an elevation of ALT, AST, LDH levels (2.37, 2.04, and 1.38 times higher than 

the control group, respectively) [27]. In this study, we observed that ALT level of alcohol-induced liver 

injury model was 2.67 times higher than the control and AST level was 2.26 times those of the control. Of 

note, LDH level was dramatically increased and 2.83 times those of the control. The difference regimen 

treatment (5 doses of 50% ethanol, equivalent to 10 g/kg in Mir et al. study) may underlie the difference in 

our data and previous studies in terms of LDH level. There was no significant difference in ALT, AST, 

LDH, body weight as well as liver relative weight between the black shallot treated group and saline treated 

groups (Figure 2 and Table 1), which implies the safety of black shallot at this regimen. Both fresh shallot 

and black shallot could inverse the alteration of ALT, AST, LDH levels in alcohol-treated model. Even 

black shallot could not reduce LDH levels into a normal range, but LDH level of black shallot-treated mice 

was less than those of alcohol-treated group and co-treatment of fresh shallot and alcohol. Additionally, we 

also observed a decline of AST and ALT levels into the normal range only in co-treatment with black shallot 

but not in the fresh shallot and alcohol co-treated group. The data indicated that the efficacy of black shallot 

on biochemical parameters and lipid profiles is higher than those of fresh shallot.  
 



International Symposium for Green Solutions (ISGS 2022) 

10  ©2022 Industrial University of Ho Chi Minh City                                                                                              

 
 

Figure 2: The effect of black shallot on plasma levels of some liver enzymes. Data were shown as Mean ± SD and 

the superscript letters (a,b,c,d) among biochemical parameters denoted the significant difference among groups 

about each parameter. 

3.3 The beneficial effect of black shallot on histological features of the livers 

According to Osna et al., excessive ethanol consumption causes the accumulation of CYP2E1, one of the 

liver enzymes which catalyze ethanol to acetaldehyde, which in turn produces more other reactive oxygen 

species and oxidative stress in heavy drinkers [7]. Besides, activation of Kupffer cells, the resident liver 

macrophage, and infiltrating macrophage is central of alcohol hepatitis. Note that infiltrating macrophages 

are recruited in the liver as immature cells and theirs differentiation into macrophages only arises during 

inflammation [7]. As shown in Figure 3, ethanol-treated liver section was characterized by infiltration of 

immune cells surrounding portal triad along with hepatocellular degeneration, abnormal structure of hepatic 

parenchymal cells, and venous congestion. Fresh shallot treatment could inverse the alteration of 

parenchymal structure and alleviate liver inflammation, but there were a little of infiltrating cells 

surrounding the bile duct. The results were in agreement with biochemical analysis (Figure 2), in which 

fresh shallot could reduce ALT, AST, LDH toward the normal range. Fresh shallot contains an abundant 

amount of polyphenols and flavonoids which exhibit a strong antioxidant effect and may account for 

hepatoprotective effect of fresh shallot, at least in the reduction of oxidative stress injury [13]. Of note, 

parenchymal structure of the liver treated with black shallot and alcohol was improved as compared to the 

ethanol-treated group, and there was no infiltration of neutrophil and immune cells in liver sections as well. 

In previous study, Tran et al. [15] reported that black shallot possessed a stronger antioxidant and anti-

inflammatory effects than fresh shallot, which may underlies the higher efficacy of black shallot. Taken 

together, data from biochemical and histological analysis elucidate black shallot asapromising raw material 

for producing functional food or material for alternative medicine to support liver injury or liver diseases. 
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Figure 3: The effect of black shallot on histological features of the livers. (A) saline; (B) black shallot control; (C) 

alcohol-treated liver; (D) co-treatment with black shallot and ethanol, (E) co-treatment with fresh shallot and 

ethanol. 

4 CONCLUSIONS 

The data from this study proved the hepatoprotective effect of black shallot in alcohol-induced liver injury 

model, not only in biochemical parameters but also in the histological level. In addition, the greater 

beneficial effect of black shallot as compared to that of fresh shallot suggests black shallot as a new 

promising remedy and material in the food and pharmaceutical industry. This study is in line with other 

research about bioactivity of black shallot, an innovation food of fresh shallot, and provides evidence for 

the application of black shallot to improve human health, especially in the treatment of liver diseases.  
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Abstract. Ohmic heating is an advanced heating method that generates heat directly, uniformly and 

quickly throughout the food mass. This study investigated the effect of Ohmic Heating on some bioactive 

components in pummelo juice, namely ascorbic acid, total polyphenols, and antioxidant activity. Pummelo 

juice was heated from 20 to 80 ˚C and kept stable for 10 seconds with alternating current frequency at 10, 

30, 50, 60, 100, 300, 500, 1000, 10000, 20000 Hz and electric field strength at 10, 20, 30, 40 V/cm. The 

rate of heating increased gradually with decreasing frequency or increasing the strength of the applied 

electric field. Degradation of ascorbic acid, total polyphenols, and antioxidant activity changed with the 

change of frequency and electric field strength. Research results showed that at the frequency of 60 or 1000 

Hz and electric field strength of 30 V/cm, Ohmic heated samples retained the most bioactive compounds, 

the Ohmic heating rate is approximately 4 times as high as that of conventional heating. The decomposition 

of ascorbic acid, total polyphenols, and antioxidant activities treated with Ohmic heating was slower than 

that of conventional heating (p < 0.05). These results suggested that Ohmic heating can be effectively 

applied for the pasteurization of pummelo juice.  

 

Keywords. Ohmic heating, pummelo juice, ascorbic acid, total polyphenols, and antioxidant activities.  

1 INTRODUCTION 

Heat pasteurization/sterilization is commonly used in food processing technology to inactivate 

microorganisms and enzymes, which degrades product quality. However, the conventional heating method 

(CH) using a heating agent mainly steam to provide heat to the food by convection or conduction has a 

slow, ununiform heat transfer rate because of the low thermal conductivity of food, thereby losing nutrients, 

changing the sensory of food and wasting energy. Ohmic heating (OH) is a pasteurization/sterilizing 

technique suitable for liquid foods, especially juices [1]. The mechanism of this technique is a direct heat 

generation process inside the food mass when an alternating current is passed. The advantage of the OH 

technique is that it heats uniformly and quickly [2], so there is minor damage to heat-sensitive components 

[3],[4]. Therefore, the product quality is high: less structural, nutritional, and organoleptic changes and 

increased microbiological safety [5].  

The effect of OH on biological structures is a dual-action, combining heat and electricity [5][6]. With this 

technique, besides microbiological and enzyme control is a necessary condition, it is also necessary to 

monitor the change of chemical components of the product to determine the appropriate treatment 

conditions. OH depends on a number of key factors related to the food material (such as electrical 

conductivity of the food, the particle size of suspension, solid-liquid ratio, ionic content) and processing 

parameters (electric field strength, current frequency) [5][6][7]. Each different type of food will have 

different changes in its physicochemical or microbiological composition when under the influence of OH 
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[8];[6]. Pummelo juice, known as a healthy juice, contains high levels of nutritional components, and 

biologically active compounds. 

Our previous research has determined that Ohmic heating at 80oC for 10 s inactivated 90% of Pectin 

methylesterase (PME) and ensures microbial safety in pummelo juice [9]. This study applied this heating 

parameter to investigate the effect of electric field strength, and a current frequency in OH on the quality 

of pummelo juice (heat-sensitive bioactive compounds). This initial research provided a database to develop 

the application of pasteurization of pummelo juice by the Ohmic heating technique. 

2 MATERIALS AND METHODS 

2.1 Materials 

To control the stability of raw pummelo, parameters such as soluble solids content, pH, conductivity, and 

pressing process, filtration of the juice were controlled. Long Co Co pummelo (Citrus maxima) was 

harvested about 7.5 months after flowering, with an average weight of 1.0 ± 0.2 kg, harvested from the farm 

in Cai Be (Tien Giang, Vietnam). The fruits were peeled, followed by pressing with a squeezer (Fujiyama-

FJ-400, sieve hole: 1 mm), and filtered through two layers of filter cloth. The total soluble solids content of 

the juice was 9 ± 0.5 °Bx, the pH was 4 ± 0.2 and the electrical conductivity was 4.2 ± 0.2 mS/cm. Then, 

the juices were divided into three groups: fresh samples (control samples), samples for conventional heating 

(CH) and samples for Ohmic heating (OH). These samples were kept in sterile dark bottles and stored at -

20 °C until the experiments were performed. 

2.2 Ohmic heating apparatus  

The OH apparatus (Figure 1) consists of a function generator (FG-7005C, Korea), a power amplifier 

(P7000S-Yamaha, Japan), a data logger (TR-71WF-T&D, Japan), and an OH chamber. The function 

generator produced frequencies from 1 Hz to 10 MHz with an output voltage of 5 V. The signals generated 

through the power amplifier were amplified within 45 Hz to 20 kHz up to a maximum output of 220 V 

alternating current (AC). The amplified current went through the side electrodes in the heating chamber. 

The chamber was a rectangular Teflon heating chamber (2 x 14.5 x 7.5 cm) with a 2 cm distance between 

the two titanium electrode plates. The temperature of the samples was measured with K-type thermocouples 

located in the center of the chamber.  

 

Figure 1: Diagram of the Ohmic heating apparatus 

2.3 Conventional heating  

The pummelo juice was transferred into an inox container (2 x 14.5 x 7.5 cm) and was placed into a 

constant-temperature water bath (Memmert WNB14, Germany) at 90oC. K-type thermocouples was used 

to measure the sample temperature during the experiments  
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2.4 Experiments 

 

Figure 2: Flow chart of the experiment 

2.4.1 Influence of frequency, electric field strength on the rate of heating 

- Influence of frequency, and electric field strength on the rate of heating 

- For frequency: The electric field strength was fixed at 30 V/cm, and ten frequencies (10, 30, 50, 60, 100, 

300, 500, 1000, 10000 and 20000 Hz) were investigated.  

- For electric field strength: The frequency was fixed at 60 Hz, and four electric field strength levels (10, 

20, 30, and 40 V/cm) were investigated.   

50 mL of pummelo juice was heated Ohmic from 20 to 80C. Record the heating time and temperature 

every 5 s until a temperature gained 80 C. 

- Influence of frequency and electric field strength on the degradation of ascorbic acid, total 

polyphenol and oxidation activity of pummelo juice 

50 mL of the pummelo juice was heated Ohmic from 20 to 80°C and kept at 80°C for 10s for each frequency 

and electric field strength value. The flow chart of experiments was described in Figure 2 
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- Influence of OH and CH on the degradation of ascorbic acid, total polyphenol and oxidation activity 

of pummelo juice  

For the CH treatment, 50 mL of juice (the same volume of juice as the Ohmic heating treatment) was placed 

into a stainless steel container (the same size as the Ohmic heating chamber). The pummelo juice was 

heated from 20 to 80°C and kept at 80°C for 10 s. 

A flow chart of experiments comparing the influence of OH (30 V/cm, 60 Hz) and CH on the degradation 

of ascorbic acid, total polyphenol and oxidation activity of pummelo juice is described in Figure 2.  

CH and OH: after the thermal treatment, 5 mL of the samples were rapidly cooled in an ice bath (4°C). All 

runs were triplicated. 

2.5 Analysis methods  

- Determination of ascorbic acid content 

The ascorbic acid was determined using a high-performance liquid chromatography-diode array detector 

(HPLC-DAD) (Agilent HPLC 1260, America) as described by Xu et.al., (2008) [10]. A standard curve was 

obtained using L-ascorbic acid (Sigma, American), which was used to quantify the AA using a standard 

curve range of 0–100 mg/L of ascorbic acid.  

- Determination of total polyphenol content 

The total polyphenol content was determined by spectrophotometry with the Folin–Ciocalteu reagent 

described by Singleton & Rossi [11]. The absorbance of the solution was measured at 765 nm with a 

spectrophotometer (Thermo Spectronic Genesys 20, Thermo Electron Corporation, MA, USA). The total 

polyphenols content was expressed as mg/L of gallic acid in pummelo juice, using a standard curve range 

of 0–50 mg/L of gallic acid.  

- Determination of DPPH free radical scavenging activity (antioxidant activity) 

DPPH free radical scavenging activity was described by Sánchez–Moreno et al. [12]. The DPPH free radical 

scavenging activity of pummelo juice expressed as % DPPH was as follows: 

                                     % DPPH = (Ao -Am)/Ao x 100 

where: 

Am:  Absorbance of the sample 

Ao: Absorbance of the control 

2.6 Statistical analysis 

All chemical analytical experiments (ascorbic acid, total polyphenols, antioxidant capacity, titanium) were 

repeated three times and reported as mean ± standard deviation. The significant difference in mean values 

was assessed by variance analysis (ANOVA) and the difference between treatments was tested by LSD at 

a significance level P < 0.05. The statistical analysis software used was the statgraphics centurion XV. 

3 RESULTS 

3.1 Influence of frequency, electric field strength on rate of heating  

- Influence of frequency on the rate of heating 

The increased frequency caused the heating rate of pummelo juice to decrease. At the same frequency, the 

heating rate increased as the treatment time increased (Figure 3A) 
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Figure 3A: Heating rate in OH of pummelo juice in the range of frequency from 

10 to 20,000 Hz 

- Influence of electric field strength on the rate of heating 

The heating rate increased with increasing electric field strength (Figure 3B). Specifically, at the electric 

field strength of 10 V/cm, the time to heat the juice from 20–80oC was 770 s, slower than the electric field 

strengths of 20, 30 and 40 V/cm, respectively ~ 4.7, 9.0 and 15.4 times). This was the same with the report 

of Darvishi et al. when heating Ohm tomato juice [13]. They showed that the OH rate increased gradually 

with increasing electric field strength from 6-14 V/cm when heating tomato juice from 26 to 96°C. 

Similarly, Lee et al. also concluded that the heating rate of orange juice (pH 3.94; 11.8 °Brix) increased as 

the electric field strength increased in the investigated range (25 to 40 V/ cm) [7].  

 

 

Figure 3B: Heating rate in OH of pummelo juice in the range of electric field strength 10-40 V/cm. 

3.2 The effects of frequency on the bioactive substances in pummelo juice  

- Ascorbic acid (AA) 

L-ascorbic acid, which is an essential nutrient required by living organisms, has antioxidant activity. This 

compound is very sensitive to heat. Figure 4 shows the AA content of pummelo juice when heating Ohm 

at an electric field strength of 30 V/cm and frequency levels: 10, 30, 50, 60, 100, 300, 500, 1000, 10,000, 

and 20,000 Hz. The results showed that AA content was strongly degraded in the low frequency range (60 

Hz) or high frequency range (≥10.000 Hz). At low frequencies as 10, 30, 50 Hz, AA content decreased by 

14.25, 10.63 and 6.25 % compared to fresh samples, respectively. The high degradation of AA could be 

attributed to an electrochemical reaction, mainly the electrolysis of water. The electrolysis of water 

produced hydrogen and oxygen which could cause oxidation of AA [14]. On the other hand, electrode 

corrosion at low frequency released metal ions, which was catalysts for the oxidation of AA [5]. This result 

was similar to the study of previous authors [5]. However, the frequency of 60 Hz, which belongs to the 

low frequency range, corroded the electrode, but AA content decreased only 4.12% because at 60 Hz there 

was Schunmann resonance. At frequencies of 300, 500, 1,000 Hz, corrosion of the electrode did not occur, 
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the AA content degraded less, reduced by 2.22%, 1.56%, 1.54%, respectively. However, the samples were 

processed at frequencies of 10,000–20,000 Hz, AA content was highly degraded. The high frequencies of 

10,000 and 20,000 Hz had a heating rate of about ~2.5 times lower than the others, resulting in a longer 

processing time. As a result, AA was oxidized, so AA content was highly degraded, corresponding to the 

reduction rate of 10.14% and 11.63 %. Thus, frequencies of 300 to 1000 Hz degraded AA in pummelo juice 

at least when heating Ohm. 

- Total polyphenol content (TPC) 

All heat treated samples were degraded TPC (p < 0.05) (Figure 4). In which, juice samples treated at a low 

frequency range  30 Hz or  ≥10,000 Hz degraded more strongly than juice samples treated at frequency 

range from 60 to 1000 Hz (p < 0.05).  At 10,000 and 20,000 Hz, TPC decreased by 9.43% and 10.31%, 

respectively. The heating rate increased with the frequency of 60 Hz or 100, 300, 500 and 1000 Hz, the 

TPC decreased only 4.84%; 5.37%; 5.19%; 5.37%, 5.29% compared to fresh. This result was the same with 

Makroo’s research, they showed TPC of watermelon juice degraded 39.7% with OH at 90 °C for 1 min 

[15]. Kim determined TPC reduced 9, 15, 26% of Balaton cherry jam; Kroeker cherry jam, and plum jam 

respectively (p < 0.05) that processed at 104–105°C but TPC of raspberry and Northstar cherry jam were 

not affected by OH (p > 0.05) [16].  

 

 
 

Figure 4 Ascorbic acid and total polyphenol content of OH pummelo juice at frequency range 10–20,000 Hz 

 

- Antioxidant activity   

 

 
 

Figure 5: DPPH free radical scavenging activity of Ohmic-heated pummelo juice at frequency range 10–20,000 Hz 

 

The antioxidant activity of pummelo juice was assessed through % DPPH (Figure 5). In citrus juices, AA, 

and TPC were important sources of antioxidant activity according to Nishad et al [17]. The frequencies of 

60 to 500 Hz, which were the most effective treatment frequencies for both AA, and TPC, were therefore 
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also effective for DPPH. At high frequencies of 10000 Hz and 20000 Hz, TPC and AA were strongly 

degraded, so DPPH was also reduced compared to other frequencies. This meant that the antioxidant 

activity in pummelo juice was strongly related to TPC, AA. 

3.3 Influence of electric field strength on the degradation of ascorbic acid, total polyphenol 

and oxidation activity of pummelo juice  

Ascorbic acid 

The results showed electric field strength from 10 to 40 V/cm influenced on AA degradation (p < 0.05) 

(Figure 6). Strong degradation of AA occurred at 10 and 40 V/cm and less at 20 and 30 V/cm. 

 

 
 

Figure 6: Acid ascorbic and total polyphenol of Ohmic-heated pummelo juice at electric field strength 10–40 V/cm 

 

AA at 10 V/cm was 43.97 mg/100 g and at 40 V/cm was 44.96 mg/100 g, a significant decrease compared 

with fresh pummelo juice (54.974 mg/100 g), which went down by 20.02 and 18.22%, respectively. This 

was the same with the report by Mercali et al [18]. At a low electric field strength of 10 V/cm, the heating 

rate was very slow (it took 770 s to heat up to 20–80oC) so AA was easily oxidized. At high electric field 

strength (40 V/cm), the heating rate was very fast (50 s), however AA was strongly decomposed by 

electrochemical reactions [18].  

Total polyphenol   

The results showed electric field strength from 10 to 40 V/cm influenced on TPC in Ohmic-heated pummelo 

juice (p < 0.05) (Figure 6). TPC in fresh pummelo juice were observed to be 85.3 mg/100 mL. At 10 V/cm, 

TPC were the lowest (78.99 mg/100 mL). This result could be explained because the very slow heating rate 

of the juice from 20 to 80oC could be the cause of the oxidation reactions that reduced TPC [19][7]. At 20, 

30, 40 V/cm, TPC were retained more with the content of 83.50; 81.55 and 82.75 mg/100 mL, respectively. 

After OH, TPC lost by 7.40% at 10 V/cm; 2.10% at 20 V/cm; 4.40% at 30 V/cm and 2.99% at 40 V/cm 

compared to TPC in fresh samples.  

Antioxidant capacity  

The results in Figure 7 showed electric field strength influenced on the antioxidant capacity of pummelo 

juice (p < 0.05). The percentage of DPPH free radical scavenging was low at 10 and 40 V/cm and higher 

at 20 and 30 V/cm. 

Fresh pummelo juice had DPPH free radical scavenging percentage of 39.74%. At low electric field strength 

(10 V/cm), there is a low percentage of free radical scavenging (33.18%), this may be due to the slow 

heating rate causing oxidation reactions to decompose antioxidant compounds. However, at 40 V/cm, the 

heating rate was very fast, %DPPH was still low (33.28%) because the electric field strength was higher, 

the electrochemical reactions were stronger. It also destroyed antioxidants. Meanwhile, the electric field 

strength of 20 and 30 V/cm showed higher antioxidant capacity with DPPH free radical scavenging 

percentages of 34.41% and 35.69%, respectively. 
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Figure 7: Percentage of free radical scavenging DPPH of pummelo juice heated Ohmic at electric field 

strengths of 10, 20, 30 and 40 V/cm 
 

Comparison of the effects of Ohmic heating and conventional heating on the content of ascorbic acid, total 

polyphenols and antioxidant activity in pummelo juice 

AA in the fresh juice sample is 56.09 mg/100 g. After OH, AA was determined to be 52.97 mg/100 g, a 

decrease of 5.57% and after CH for the same time, AA was 52.72 mg/100 g, a decrease of 6.03%. AA 

content in the juice treated OH and CH at the same time was not different (p>0.05). Thus, the electric field 

did not affect the decomposition of ascorbic acid. This was consistent with the results of Sastry et.al [20].  

To compare the effectiveness of OH and CH, samples were treated to the same volume. The results showed 

the AA content had a significant difference between OH and CH samples (Figure 8) (p < 0.05). For the 

sample of OH, AA was 52.97 mg/100g, a decrease of 5.57% and the sample of CH had an AA of 50.39. 

mg/100 g, reduced 10.16%. The decrease of AA by CH was approximately twice compared to that of OH. 

OH decreased the processing time approximately a quarter compared to CH of the same volume. Therefore, 

the slow heating rate under CH has resulted in a significant reduction in AA. This was also consistent with 

the other studies [21][22]. 

In summary, the electric field had no effect on the decomposition of AA at 30 V/cm and 60 Hz, the 

decomposition occurred only due to the effect of heat. 

Total Polyphenol 

TPC was significantly different between the samples: fresh samples, OH and CH (the same volume) (p < 

0.05), with 84.55 mg/100 mL; 81.77 mg/100 mL; 77.42 mg/100 mL, respectively (Figure 8). Thus, heat 

treatment could degrade TPC. However, OH still retained a higher TPC than CH. This result was similar to 

the one published by Leizerson and Shimoni in orange juice when OH [23]. 

 

 

Figure 8: Ascorbic acid and total polyphenol content of pummelo juice under Ohmic heating and conventional 

heating 
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Antioxidant activity  

OH and CH samples showed significant difference in the percentage of DPPH free radical scavenging (p < 

0.05) (Figure 9). Specifically, the percentage of DPPH free radical scavenging of OH samples was higher 

than that of CH (35.70 > 31.75%), similar to the study of Cappato [24]. This could be explained because 

the OH time was shorter than that of CH, so the antioxidant activity, AA and TPC were less degradation 

[25]. 

OH was a more efficient treatment method than CH, preserving nutrients and bioactive compounds. 

Besides, previous studies have shown that OH increased rate of microorganism and enzyme inactivation 

[23][9]. Therefore, OH was a suitable heating method for pasteurization of pummelo juice. 

 

 

 

Figure 9: Percentage of free radical scavenging DPPH of pummelo juice under Ohmic heating and conventional 

heating 

4 CONCLUSIONS 

This study evaluated the effect of electric field strength and frequency in OH on bioactive compounds in 

pummelo juice. The analytical results indicated that the frequency and electric field strength had significant 

effects on ascorbic acid content, total polyphenol content and antioxidant activity. Ohmic heat treatment at 

the range of frequency 60-1,000 Hz and electric field strength of 30 V/cm retained higher ascorbic acid, 

total polyphenol content and antioxidant activity. OH at 60 Hz and 30 V/cm was 4 times faster and less to 

degrade bioactive compounds than CH. Therefore, OH is evaluated as a promising advanced technology 

for pasteurization of pummelo juice. However, sensory evaluation has not been mentioned in this study yet, 

especially the change of flavor compounds. Thus, the effects of OH on flavor compounds of pummelo juice 

pasteurized by OH should be evaluated. 
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Abstract. Phosphorus is one of the essential macronutrients for plants. Many studies suggested that adding 

biochar derived from livestock waste is one of the effective methods to maintain phosphorus in the soil. In 

the study, 3 forms of biochars derived from quail dung were prepared at temperatures of 300, 450 and 600ºC 

and used to improve Happlic Acrisols in Tay Ninh province. The purpose of the study was to evaluate the 

available phosphorus adsorption capacity after amendment soil with biochar forms. The study was carried 

out when soil (control sample) and soil supplemented with 4% biochar were mixed with phosphate solution 

at different concentrations and sampling times. The results showed that when the biochar pyrolysis 

temperature increased, the pH and pHpzc increased, while the recovery efficiency, TOC, and CEC 

decreased. The results showed that the adsorption data in the study were consistent with Langmuir and 

Freundlich isotherm models, specifically, the maximum phosphorus adsorption capacity on the soil without 

biochar (control sample) and soil with 4% added of biochar at pyrolysis 300, 450, 600℃ is 1.19, 1.73; 0.68 

and 1.12 mg/g respectively. The pseudo-second-order kinetic model were suitable to explain the P 

adsorption mechanism. The results show that we can apply the addition of biochar prepared at 300ºC 

derived from quail dung to improve phosphorus adsorption capacity of Happlic Acrisols in Tay Ninh 

province is based. 
 

Keywords. Gray soil, available P adsorption, quail dung, biochar. 

1 INTRODUCTION 

Phosphorus is one of the essential nutrients for plant growth [1]. Plants can absorb phosphorus in the form 

of phosphate anions such as H2PO4
− and HPO4

2− from soil solutions [1, 2]. However, most phosphorus is 

usually in fixed form such as calcium phosphate and aluminum phosphate, which are relatively insoluble 

and not available to plants. To reduce P deficiency and ensure crop yield, nearly 30 million tons of P 

fertilizer are used each year. Up to 80% of the applied P fertilizer was lost due to leaching or immobilization 

in the soil [3]. The study of Han et al. has shown the role of biochar in the adsorption or desorption of 

phosphorus in the soil [1]. 

Biochar is usually produced from agricultural by-products by pyrolysis in anaerobic conditions at 

temperatures > 300ºC [4, 5]. Pyrolysis conditions including temperature, heat retention time and heating 

rate and source and size of materials can affect soil phosphorus availability [6]. Some biochars have shown 

P adsorption while others show P desorption from the soil. The physico-chemical composition of biochar 

and the soil are the main factors that will affect the adsorption capacity of available P [7]. Adsorption of 

inorganic substances by biochar is the result of processes including (i) ion exchange, (ii) electrostatic 

attraction, or (iii) surface precipitation [8]. In which, surface chemistry has played a more important role 

than the surface area of biochar [9].  

The dung of quail, a type of poultry that tends to grow in Tay Ninh province and neighboring areas, is a 

very interesting source of raw materials for biochar production. However, studies on the effect of biochar 

pyrolysis temperature on the adsorption of available phosphorus of soils improved by biochar are still 

lacking in information. Some surface physicochemical properties, the recovery efficiency of biochar and 

the phosphorus adsorption capacity of soil supplemented with biochar are the content of the study. Thereby, 
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evaluate the possibility of biochar application to improve the efficiency of P use of gray soil in Tay Ninh 

province. 

2 MATERIALS AND METHODS 

Sampling method  

Quail manure was collected at the farm in Nhi Binh ward, Hoc Mon district, HCMC. Raw materials before 

carbonization are drained in the air, removed impurities, uniform in size (<5mm) and dried in an oven at 

60ºC for 24 hours [10].  

The soil sample was taken in Thanh Trung ward, Tay Ninh provice in October 2020 [11]. Soil samples 

were selected from the custard apple growing area. The sites are non-agricultural land, not fertilized for a 

long time. Soil samples were taken at a depth of 0-30 cm, the sampling area was 10 m in diameter. Take 5 

samples at 4 corners, 1 sample at the diagonal center position. Mix them and take a composite sample. 

Then, the soil sample was air-dried, crushed and passed through a 1 mm sieve and stored at 4ºC. 

Chemicals 

All chemicals used in the study were of analytical-grade (Merck) including KCl, HCl, NaH2PO4, NaOH, 

HNO3, NaOH, H2O2. Distilled water used in the experiments was produced with an ultra-clean water 

purifier Model: EASYpure II RF from Thermo Scientific – USA. 

Preparing biochar  

The prepared quail dung samples underwent the pyrolysis in a Nabertherm P330 furnace with the following 

temperature settings: 300; 450; 600oC ((Biochar 300, 450, 600) = Quail dung biochar produced at 300, 450 

and 600°C, respectively). The heating rate was set to 10℃.min-1. Once the desired temperature was reached, 

the temperature was kept constant for 2 h and the samples were left to cool in the oven overnight. The 

biochar was then pressed through a plastic sieve (hole diameter of 1mm) to make it homogeneous and was 

stored separately in polyethylene (PE) containers in the dark at 4℃ [11]. Biochar samples were used for 

analysis and equilibrium and kinetics research experiments. 

Analyses were conducted on these biochar samples to determine characteristics of surface functional groups 

such as pH and pHpzc [12], total organic carbon (TOC) [13], functional group  H+/OH- [14], cation – 

exchange capacity (CEC). Changes in biochar’s functional groups were analyzed by reflectance 

spectroscopy FT/IR-4700 type A with 350-4000cm-1 resolution.  

Soil incubation experiments 

Weigh 360 g of Tay Ninh gray soil, added 16g of biochar, respectively, including 300, 400 and 600℃ 

biochar (4% biochar ratio). Then, It was thoroughly homogenized. An incubation experiment with 500 cm3 

plastic was conducted for 60 days in the laboratory at ambient temperature. The moisture content of the 

mixture was 60% and maintained by adding distilled water whenever necessary. The soil sample without 

addition of biochar was incubated under the same conditions as the control sample [1]. Three replicates of 

each treatment were prepared. 

Experimental designs 

The survey on the available P adsorption equilibrium of biochar was conducted based on a study of Han, et 

al. [1]. Specifically, place 1.5 g of soil sample (including soil and soil with 4% biochar added) in 60 mL 

polypropylene tubes containing 30 mL of 0.01 M KCl solution (pH = 7) with concentrations of 0, 33, 66, 

133, 266 and 400 mgP/L, respectively. The biochar ratio was selected based on the research of Yao et al. 

[15] and preliminary experiments to ensure that the soil pH fluctuates in the range of 6-8. Two drops of 

chloroform were added to the soil samples to suppress microbial activity. The pH level was not adjusted 

during this experiment. A GFL3015 shaker was employed to agitate the polypropylene tube at room 

temperature, 300 rpm for 24 h, which is the time to reach available P adsorption equilibrium based on 

preliminary experiments.  

The solid settlement was separated from the mixture by a DLAB DM0636 centrifuge at 5000 rpm for 10 

min. Then, the remaining solution was filtered through a 0.22µm filter and determined P [16]. Langmuir 

and Freundlich adsorption isotherms models were used to evaluate the suitability of experimental data' 
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The adsorption kinetics survey was similarly performed in 60 mL polypropylene tubes by mixing 1.5 g of 

soil sample (including soil and soil with 4% biochar added) with 30 mL of 0.01M KCl solution containing 

133 mg.L-1 P. They were also agitated by GFL3015 shaker at around 300 rpm. But, instead of a fixed 24 h 

as in the adsorption equilibrium survey, the duration of the agitation was taken at different times depending 

on the running experiment. The rest of the procedure followed as in the previous survey with the solid 

settlement being separated from the mixture by a DLAB DM0636 centrifuge (5000 rpm, 10 min), the 

remaining solution is filtered through a 0.22µm filter and P analysis. Pseudo first- and second-order kinetic 

models were used in evaluating the suitability of experimental data and calculating the kinetic constants 

Analyze experimental data 

Calculation 

The important parameters for the subsequent analyses were determined from the above experiments based 

on the formula and calculations described in this section. 

Calculation of biochar yield, %H: 

 %H =
𝑚𝑏

𝑚0
∗ 100 (eq. 1) 

Where:  

m0 (g): initial amount of cow dung before pyrolysis 

mb (g): amount of biochar recovered after pyrolysis 

 

Calculation of the biochar’s pHpzc: 

 ∆pH = (𝑝𝐻f − p𝐻𝑖) (eq. 2) 

Where: 

pHi: initial pH value 

pHf: pH value after biochar is added to the 0.01 M KCl solution 

The value pHpzc was determined at the point where the plot ∆pH.pHi
-1 intersected the line ∆pH=0 [12] 

Calculation of equilibrium parameters: 

 𝑞𝑖 =
(𝐶0 − 𝐶𝑖). 𝑉

m
 (eq. 3) 

Where: 

C0 (mg.L-1): concentration of initial P-PO4
3-  solution 

Ci (mg.L-1): concentration of P-PO4
3- solution of sample i at equilibrium time 

V (L): volume of P-PO4
3- solution 

m (g): mass of biochar 

qi (mg.g-1): P-PO4
3- adsorption capacity at the equilibrium of sample i 

The adsorption capacity qi above was then plugged into Langmuir adsorption isotherm equation in order to 

calculate the maximum adsorption capacity q0 

 
1

𝑞𝑖
=

1

𝐾𝐿𝑞0

1

𝐶𝑖
+

1

𝑞0
 (eq. 4) 

Where: 

q0 (mg.g-1): P-PO4
3-  maximum adsorption capacity at equilibrium 

KL (L.mg-1): Langmuir adsorption constant. 

The above equation has the form of 𝑦 =  𝑎𝑥 +  𝑏 and therefore could be solved by curve fitting 𝑦 =
1

𝑞𝑖
 and 

𝑥 =
1

𝐶𝑖
 to yield q0. 

The suitability of the adsorption isotherms was then evaluated by comparing the result of Langmuir’s model 

to that of Freundlich adsorption isotherm equation  

 𝑞 =  𝑦/𝑚 =  𝐾𝐹𝐶
1

𝑛𝐹  (eq. 5) 

Or: 
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 𝐿𝑜𝑔𝑞𝑖 =
1

𝑛𝐹
𝑙𝑜𝑔𝐶𝑖  +  𝑙𝑜𝑔𝐾𝐹 (eq. 6) 

Where: 

nF: Freundlich isotherm constant representing adsorption intensity of P-PO4
3- . 

KF: Freundlich adsorbent constant representing adsorption capacity of P-PO4
3- .  

This equation also has the form of 𝑦 =  𝑎𝑥 +  𝑏 and as all the parameters are known, the plot of logqi 

against logCi can be drawn. The shape of this plot is then compared to that drawn from experimental data. 

Calculation of adsorption kinetic coefficients: 

In order to evaluate the adsorption kinetic, the study employed pseudo first- and second-order models whose 

polynomial coefficients must be determined. The models used were the following: 

Pseudo first-order kinetic equation: 

 𝐿𝑛(𝑞𝑒 − 𝑞𝑡) − 𝐿𝑛𝑞𝑒 = −𝑘1𝑡 (eq. 7) 

Or 

 

 
𝐿𝑛(𝑞𝑒 − 𝑞𝑡) = −𝑘1𝑡 + 𝐿𝑛𝑞𝑒 (eq. 8) 

Curve fitting 𝑦 =  𝐿𝑛(𝑞𝑒 − 𝑞𝑡) and 𝑥 =  𝑡 yields the coefficients for this model. 

Pseudo second-order kinetic equation: 

 
1

𝑞𝑡
=

1

𝑡

1

𝑘2𝑞𝑒
2 +

1

𝑞𝑒
 (eq. 9) 

Where: 

qe : adsorption capacity at equilibrium (mg.g-1) 

qt : the adsorption capacity at time t (mg.g-1) 

k1 (1.min-1) và k2 (g.mg-1.min-1): constants of pseudo first-order and pseudo second-order kinetic 

t (min): time adsorption. 

Curve fitting 𝑦 =
1

𝑞𝑡
 and 𝑥 =

1

𝑡
 yields the necessary coefficients for this model. 

 

Statistical analysis 

Control and replicate samples (n=3) were employed in order to minimize error sources. The analysis 

evaluated the accuracy and precision of the parameters calculated using the methods described in the 

previous section. The statistical analysis software SPSS 20.0 was used for determining the correlation of 

variables according to Pearson and the fitness of data through correlation test and for constructing a 

mathematical model through curve-fitting / regression. In addition, homogeneity was also evaluated by 

Levene’s test, Tukey’s test post hoc (Sig.>0.05) and Tamhane’s T2 (Sig.<0.05). 

3 RESULTS AND DISCUSSIONS 

Some physicochemical properties of soil samples  

The results of soil sample analysis, Table 1, with a bulk density of 1.50 g/cm3 showed that the soil is poor 

in humus and tight. Similar results were found in the study of Vu Thuy Duong et al., for a bulk density of 

the grey soil 1.53 g/cm3 [17]. The pH of the soil sample was determined to be 5.5, it belongs to the category 

of medium acidity. The soil sample with a density of 2.6 is compact. 

 
Table 1: Some physicochemical properties of soil samples 

 

Parameter Unit Result SD 

pH  5.5 0.1 

Density  2.6 0.1 

Bulk density g/cm3 1.5 0.1 
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TOC content % 0.47 0.01 

Available P2O5 content mg/Kg 44.9 0.2 

 

The available phosphorus in the soil sample was 44.9 mg/kg, belonging to the soil with the average 

phosphorus content (30-80 mg/kg) according to the evaluation scale of Kiesanop. The results are similar to 

the study of Tran Thi Loc showed that the available phosphorus content in grey soil in Binh Duong ranges 

from 3.7 to 35.3 mg/kg [18], or gray soil in Phu Tho province 20-45 mg/kg [19]. Soil TOC content was 

0.47%, it belongs to low organic content soil. Similar results were found on gray soil in Phu Tho province, 

ranging from 0.5 4.0% [19]. 

Effect of pyrolysis temperature on recovery efficiency and surface-level chemical characteristics of 

biochars 

The results showed that pyrolysis temperature has an effect on biochar recovery efficiency (%H). Table 2 

shows that when the temperature increases from 300 to 450 and 600ºC, the recovery efficiency of biochars 

decreases to 61.4, 51.6, and 48.0% respectively. This is due to the reduction of volatile substances in biochar 

(Joseph et al., 2009). Homogeneity analysis by Levene's test, Tukey's test post hoc (Sig. > 0.05) and 

Tamhane's T2 (Sig. < 0.05) showed that the difference between the biochar yield at 450 and 600 ºC is not 

statistically significant. This proved that at 450ºC the remaining volatile organic compounds were 

negligible.  

With total TOC carbon content, when the pyrolysis temperature increases from 300 to 600℃, Table 2, shows 

that the TOC content decreases from 24.2 to 11.0%, which was explained by the thermal decomposition of 

the compounds (including lignocellulose and volatile substances). A similar explanation has also been 

found in the study of Yavari et al. [20]. The homogeneity analysis showed that the difference of the TOC 

contents of the 3 biochar samples pyrolysis at different temperatures (p<0.05) was statistically significant, 

Table 2. 

 
Table 2: Recovery yield and surface-level characteristics of biochars by pyrolysis temperature 

 

t ºC % H %TOC pH pHpzc CEC, mmol.kg-1 

300 61,4b 24,2c 7,35a 6,99a 179c 

SD 0,1 0,5 0,06 0,03 4 

450 51,6a 14,2b 10,01b 9,62b 162b 

SD 5,9 0,5 0,00 0,04 15 

600 48,0a 11,0a 10,76c 10,42c 129a 

SD 1,2 0,0 0,07 0,02 8 

Different letters in a column show a statistically significant difference (p<0.05). 

 

With the pH parameter of biochar, Table 2, showed that the pH increased from 7.35 to 10.01 and 10.76, 

corresponding to the pyrolysis temperature of 300; 450 and 600 ºC. This is explained because organic acid 

functional groups such as -COOH and -OH decrease with increasing pyrolysis temperature [21]. Research 

results are similar to the study of Suppadit et al., when biochar is pyrolysis from quail dung at 500ºC, it is 

pH 9.6. [22]. The 450, 600ºC biochar samples were all alkaline indicating that most of the organic acid 

groups were lost and the formation of alkali metal oxides, Ca, Mg and K during pyrolysis [23]. Research 

results, Table 2, showed that when the pyrolysis temperature increased, the pHpzc of the biochar sample 
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also increased. Specifically, the pHpzc of the biochar samples increased from 6.99 to 9.62 and 10.42, 

respectively. pHpzc is an important parameter in choosing the optimal pH value for adsorption studies and 

it also further elucidates the surface adsorption mechanisms [24]. The homogeneity analysis showed that 

the difference of pH, pHpzc of 3 biochar samples prepared at different temperatures (p<0.05) were 

statistically significant. This can confirm that the pyrolysis temperature dramatically affects on the pH and 

pHpzc parameters.  

With the CEC content of the biochar samples in the study, Table 2, shows that their CEC decreased with 

increasing pyrolysis temperature. Specifically, the CEC content was 179, 162 and 129 mmol/kg 

respectively for biochar pyrolysis at 300, 450 and 600ºC. Similar results were found in the study by Cely 

et al, who suggested that when the pyrolysis temperature of some biochars derived from pig and chicken 

manure increased, CEC also decreased [25]. The result of determining CEC of the study was higher than 

in the study of Suppadit et al (65 mmol/kg). This can be explained by the type of feed used and the pyrolysis 

method of biochar (500ºC and retention time: 5 hours) [22]. CEC is also one of the predictors of phosphorus 

adsorption capacity in the soil, which is formed in the form of complexes such as Ca-P and Mg-P [26]. 

  
Table 3: Cross-correlation analysis of surface-level characteristics in biochar 

 

  t ºC % H pH pHpzc %TOC CEC, mmol.kg-1 

t ºC 1 -0,865** 0,951** 0,865** -0,957** -0,909** 

% H -0,865** 1 -0,892** -0,857** 0,875** 0,603 

pH 0,951** -0,892** 1 0,976** -0,998** -0,810** 

pHpzc 0,865** -0,857** 0,976** 1 -0,967** -0,705* 

%TOC -0,957** 0,875** -0,998** -0,967** 1 0,827** 

CEC, mmol.kg-1 -0,909** 0,603 -0,810** -0,705* 0,827** 1 

** The correlation is significant at 0.01; *The correlation is significant at 0.05 

 

Correlation analysis, Table 3, showed that the biochar pyrolysis temperature was strongly correlated and 

directly proportionality to parameters such as pH, pHpzc. Moreover, it was also strong correlation and 

inverse proportionality with recovery efficiency, TOC, and CEC. 

The FTIR spectra of the biochar samples are shown in Figure 2. These infrared spectra showed the complex 

chemical structure of the biochar forms and were identified by several main peaks. The peak at wave 

number 3084 cm-1 showed that the presence of the hydroxyl groups of biochar prepared at 300℃ and it 

disappeared at temperatures of 450 and 600℃. A peak band at 2.922 cm-1 that represented for the fatty CHn 

group appears as the pyrolysis temperature increases, which may be due to the formation of C and H bonds. 

The observed peak at 1667 cm-1 was lost with increasing pyrolysis temperature. This band appears to 

indicate the presence of carbonyl and carboxyl groups in the carbohydrate. The C-H bond in aromatic and 

heteroaromatic compounds can range from 800 to 600 cm−1. These bonds are relatively stable, changing 

little with increasing pyrolysis temperature, Fig 1. 
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Figure 1: FTIR spectra of biochar produced from pyrolysis at 300, 450 and 600ºC 

Quail 300, 450, 600= biochar pyrolysis from quail dung at temperature 300, 450, 600℃ 

 

Effect of pyrolysis temperature of biochar on P adsorption equilibrium of soil 

The results of surveying the adsorption capacity of P in Tay Ninh gray soil (without adding biochar), Figure 

2a, showed that when C0 increased from 0 to 400 mgP/L, the P adsorption capacity of soil (q) also increased 

from 0 to 1.20 mgP/g. The results of the homogeneity analysis confirmed that the difference in P adsorption 

capacity at the initial concentration of 266 and 400 mgP/L was not statistically significant. Research results 

showed that saturated adsorption was achieved under experimental conditions. Calculation of P adsorption 

parameters on Tay Ninh gray soil was presented in Table 4, the R-squared value R2 of Langmuir model 

(0.95) and Freundlich model (0.98) were perfect positive linearity. Furthermore, the calculated results q0 

(1.19 mgP/g) from the Langmuir model were also consistent with the experimental result q(TN)=1.21 

mgP/g.  

In the case, the soil for which 4% biochar was improved by pyrolysis at 300ºC, Figure 4b, showed that 

when the initial P concentration (C0) increased from 0 to 400 mg/L, the adsorption capacity of P (q) 

increased from 0 to 1.54 mg/g respectively. The results of analyzing the homogeneity of the adsorption 

capacity (mg/g) according to the initial P concentration showed that the difference in adsorption capacity 

was not significant at concentrations of 266 and 400 mgP/L. This confirms the saturation adsorption 

achieved under experimental conditions. Calculation results of adsorption parameters showed that P 

adsorption process on Tay Ninh gray soil improved with biochar 300℃, Table 4, according to Langmuir 

model, with R2 = 0.94; KL=0.006 L/mg; q0=1.54 mgP/g (consistent with experimental results) and 

Freundlich model with R2 = 0.99; KF=0.03 mg/g; nF = 1.46. The results showed that the use of 2 models 

was suitable to explain the P adsorption process on the soil improved with biochar 300℃. 

In this case, the soil sample supplemented with 4% biochar was pyrolysis at 450 ºC, Figure 4C, when C0 

increased from 0 to 400 mgP/L, the adsorption capacity q increased from 0 to 0.65 mgP/g, correspondingly. 

The results of the analysis of the homogeneity of the adsorption capacity (mg/g) according to the initial P 

concentration showed that their difference was not statistically significant at 133, 266 and 400 mgP/L 

concentrations. This showed that the process had reached saturation according to the initial concentration 

range of the experiment. Calculation results of adsorption parameters showed that P adsorption process on 

Tay Ninh gray soil improved with biochar 450℃, Table 4, according to Langmuir model, with R2 = 0.96; 
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KL=0.04 L/mg; q0=0.68 mgP/g (consistent with experimental results) and Freundlich model with R2 = 0.97; 

KF=0.16 mg/g; nF = 4.07. The results showed that the use of 2 models were suitable to explain the P 

adsorption process on the soil improved with biochar 450℃. 

With the soil sample supplemented with 4% biochar pyrolysis at 600 ºC is shown in Figure 4d. When  initial 

concentration (C0) increased from 0 to 400 mgP/L, the P adsorption capacity (q) also increased from 0 to 

1.14 mg/g. The study results showed that the saturation adsorption achieved under the experimental 

conditions. Furthermore, the saturation sign was also reinforced by the homogeneity analysis of the 

adsorption capacity (mg/g), which showed values of the adsorption capacity (mg/g) at the initial 

concentration of 266 and 400 mgP/g is not statistically significant difference. The two models Langmuir 

and Freundlich are suitable to explain the process of P adsorption equilibrium on gray soil improved with 

biochar 600℃ presented in Table 4. Specifically, the results of calculation of adsorption parameters by 

model Langmuir model was R2 = 0.97, KL=0.03 L/mg q0=1.12 mg/g (consistent with experimental results) 

and Freundlich model was R2 = 0.99; KF=0.14 mg/g; nF = 2.71. 

 

  

a. Soil without biochar b. Soil added with biochar 300 ℃ 

  

c. Soil added with biochar 450 ºC d. Soil added with biochar 600 ºC 

Figure 2: Representation of P adsorption capacity of soil and soil amendment by pyrolysis biochar at different 

temperatures, the letters a,b,c,d,e represent statistically significant differences. 

 

Experimental results and calculations based on the Languir model, Table 4, showed that the 300ºC biochar 

improved soil increased the adsorption capacity of the soil from 1.21 to 1.54 mg/g (from the experiment) 

and from 1.19 to 1.73 mg/g (from the calculation). This may be due to a difference in the measured pH 

value. Specifically, the pH of the soil sample at P adsorption equilibrium was 5.5, while the 300ºC biochar 
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improved soil sample was pH ranging from 6.7-7.0. At this pH, the biochar surface was positively charged 

(pHpzc 6.99), which contributed to the increase of phosphorus adsorption from the solution.  

However, in the case of soil samples amendment with 450 and 600ºC biochar, their P adsorption capacity 

is lower than that of soil samples without biochar and 300ºC biochar. This can be explained for the increase 

in pH of the mixed soil sample at the adsorption equilibrium. Specifically, the pH of the soil sample 

containing 450ºC biochar was 7.0 - 7.3, which were higher than pHpzc (6.99). So, the surface of biochar is 

negatively charged, and it becomes ligands that will compete with PO4
3- in adsorption sites. Similar results 

were also found in the study of Dume et al., who suggested that low soil pH increased the adsorption 

capacity of P [27]. 

In this case, the soil sample containing 600ºC biochar (measured pH 7.3-7.5) had an increased adsorption 

capacity compared with the soil sample containing 450ºC biochar. This may be due to exchangeable 

complexes or precipitation formed of P ions with the surface of sorbent which could result in higher P 

adsorption capacity [27]. 

 
Table 4: P adsorption equilibrium parameters of soil and soil improved with biochar 

 

Langmuir's 

model 

Experiments 
Parameters R2 

 

q(TN) 

 q0 (mg/g)  KL 

Soil 1.19 0.008 0.95 1.21 

Soil + 4% Biochar 300 ℃ 1.73 0.006 0.94 1.54 

Soil + 4% Biochar 450 ºC 0.68 0.040 0.96 0.65 

Soil + 4% Biochar 600 ºC 1.12 0.030 0.97 1.14 

Freundlich'

s model 

 Mixed soil sample  nF KF R2   

Soil 1.38 0.02 0.98   

Soil + 4% Biochar 300 ℃ 1.46 0.03 0.99   

Soil + 4% Biochar 450 ºC 4.07 0.16 0.97   

Soil + 4% Biochar 600 ºC 2.71 0.14 0.99   

q(TN): experimental P adsorption capacity, mgP/g; 

  

Langmuir isotherm model shows that the active sites on the surface of the adsorbent are uniformly 

distributed and then the adsorption is a monolayer. The Freundlich isotherm model assumes that the 

adsorption occurs on a heterogeneous surface. With the above assumption, the P adsorption process on soil 

samples and soil samples supplemented with 4% of biochar forms were dominated by both physical and 

chemical adsorption processes. The research results showed that with the Tay Ninh Happlic Acrisols 

sample, when mixed soil with 4% biochar prepared from quail dung at different pyrolysis temperatures, 

there was no clear trend in the P adsorption capacities. This can be explained the P adsorption process 

mainly due to the exchange of oxygen-containing anions on the surface of biochar [26]. When increasing 

the pyrolysis temperature to 450℃, the number of volatile oxygen-containing functional groups decreases, 

resulting in a decrease in the phosphorus adsorption process. However, when the pyrolysis temperature 

increased to 600℃, the phosphate adsorption increased. This can be explained by the high concentration of 

Ca and Mg in biochar leading to the formation of metal complexes such as Ca-P and Mg-P [26]. Similar 

results and explanations were also found in the study of Ngatia, et al [26]. Findings in the study confirmed 

that the pyrolysis temperature of biochar derived from quail dung had an effect on phosphorus in the soil. 

Biochar pyrolysis 450℃ can be used to reduce phosphorus adsorption in the soil, in case we want more 

available phosphorus for plants. But 300 or 600℃ pyrolysis biochar can increase phosphorus adsorption in 

the soil, in case we do not wish to to leach phosphorus from fertilizer application. 
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Effect of pyrolysis temperature of biochar on P adsorption kinetic of soil 

Kinetic data, Figure 5, Table 5, showed that at the investigated C0 concentration, the P adsorption capacity 

of the soil increased rapidly in the first 30 minutes in most of the experimental samples. It then increased 

slowly and reached the P adsorption saturation in 90 minutes with soil samples without biochar, 300 and 

450 biochar-fortified soil mixes. Particularly, the soil mixture with the addition of 600ºC biochar reached 

saturation P adsorption after 30 minutes. Homogeneity analysis of adsorption capacity (mg/g) by time 

variable also confirmed that the difference of mean value of adsorption capacity at 30 min was statistically 

significant. Meanwhile, the values of adsorption capacity after 90 min increased without statistical 

significance. In particular, the soil sample supplemented with 600ºC biochar, its P adsorption capacity 

increased without statistical significance after 30 min, Figure 5. 

The adsorption process can be divided into three different stages: (1) liquid film diffusion promotes the 

transfer of P from solution to the surface of the biochar and then, The adsorption sites of biochar are 

numerous and easy to interact with P; (2) as the adsorption sites remain and the solute concentration 

decreases, the diffusion gradually slows down and (3) when the adsorption sites are completely saturated, 

adsorption reactions such as exchange, surface precipitation occurred and gradually reached the adsorption 

saturation state (120–360 minutes). Based on the experimental data, it is shown that the adsorption kinetic 

was controlled in the 3rd stage, which diffuses into the adsorbent. 

 

  

a. Soil without biochar b. Soil added biochar 300 ℃ 

  
c. Soil added biochar 450 ℃ d. Soil added biochar 600 ℃ 

 
Fig 5: P adsorption capacity, mgP/g, 

the letters a,b,c,d,e represent statistically significant differences 
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Table 5: Kinetic parameters of P adsorption on soil samples and soils supplemented with biochar 

 

Kinetic 

model 
Experiments 

qe 

(mg/g) 
Kinetic constant q (ex) R2 

The 

pseudo-

first 

order 

Soil 0.26 k1(g /(mg.min))= 0.002 0.50 0.68 

Soil + 4% Biochar 

300 ℃ 
0.21 k1(g /(mg.min))= 0.014 0.64 0.90 

Soil + 4% Biochar 450 

ºC 
0.24 k1(g /(mg.min))=0.001 0.56 0.97 

Soil + 4% Biochar 600 

ºC 
0.08 k1(g /(mg.min))=0.006 0.76 0.98 

The 

pseudo-

second 

order 

Soil 0.52 k2  (1/ min)= 0.052 0.50 0.96 

Soil + 4% Biochar 

300 ℃ 
0.68 k2  (1/ min)= 0.092 0.64 0.92 

Soil + 4% Biochar 450 

ºC 
0.56 k2  (1/ min)= 0.312 0.56 0.93 

 
Soil + 4% Biochar 600 

ºC 
0.77 k2  (1/ min)= 0.462 0.76 0.95 

 

To evaluate the adsorption kinetics, pseudo-first and second-order kinetic models were used. The 

correlation coefficients and the maximum adsorption capacities (qe) were calculated, Table 5. The results 

have shown that the pseudo-second order model is suitable to explain the adsorption kinetics of P on soil 

and soil supplemented with biochar at pyrolysis temperatures. 

 With the pseudo-first-order kinetic model, the correlation coefficients were high, R2 ranges from 0.90 to 

0.98 except for soil samples without adding biochar (0.68). However, the experimentally determined P 

adsorption capacity of the unsupplemented soil sample and the 300, 450, 600ºC biochar supplemented soil 

sample were very different. 

In contrast, with the pseudo-second order kinetic model, the correlation coefficients R2 were high, ranging 

from 0.92 to 0.96 and the results of calculating the maximum adsorption capacity qe from the model were 

close to the values obtained from the experiment qex, Table 5. The results showed that the P adsorption 

mechanism on soil and soil supplemented with 4% of biochar forms controlled by chemisorption in the 

form of aggregate bonds and ion exchange. It is most evident through the correlation R2 and the k2 rate 

constant. Soil samples supplemented with biochar at higher pyrolysis temperatures will have larger R2 and 

k2 (faster adsorption rate). A similar explanation is also found in Ho's report [28].  

4 CONCLUSIONS  

In general, the temperature at which the biochar was pyrolyzed has a strong proportional correlation with 

the biochar’s surface-level chemical characteristics such as mmol pH, pHpzc and a strong inverse 

proportional correlation with recovery efficiency, TOC, CEC. Both Langmuir and Freundlich isothermal 

equilibrium models are suitable for the P adsorption process. The pseudo-second order kinetic model is 

suitable to explain the P adsorption mechanism. Based on the research results, it was confirmed that Tay 

Ninh gray soil supplemented with biochar derived from quail dung with a pyrolysis temperature at 300ºC 

had a higher P adsorption capacity than biochar that was pyrolysis at higher temperature. Research results 

have shown the role of biochar in using P for agricultural production. 
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Abstract. The acidification of agricultural soils should be avoided and low-pH soil should be corrected 

for better productivity. Soil improvement by applying biochar from agricultural by-products and by 

bentonite, a rich source in Vietnam, is a trend of green agriculture in Vietnam. The current study is 

important in assessing the potential influences of biochar and bentonite on the pH and buffering capacity 

of low-pH soil collected in Cu Chi, Ho Chi Minh City. Experimental methods including biochar preparation 

(pyrolysis at 300ºC, retention time 2 h), soil incubation (time: 30 days, at the temperature: 27 °C), and 

determination of pH, and pHBC were performed. Research results have shown that biochar and bentonite 

have contributed to improving pH, and improving the pH buffering capacity of gray soil samples. Using 

1% bentonite and 1% biochar raised the pH (to 6.21) and improved the pH buffering capacity of Cu Chi 

gray soil (to 24,1 mmolH+/OH- kg-1). This dose is suitable in agricultural productions at present in VietNam. 

The study confirmed the applicability of biochar derived from cow manure prepared at low pyrolysis 

temperature in combination with bentonite to improve soil parameters such as pH, and the pH buffering 

capacity of Cu Chi gray soil is based. 

 

Keyword. Gray soil, pH buffer capacity, soil pH, biochar, bentonite. 

1 INTRODUCTION  

From various activities such as intensive farming, and excessive use of fertilizers, acid rain has accelerated 

the acidification of agricultural land and has reduced crop yields [1]. These soils typically have low pH but 

high pH buffers, making them more difficult to improve and more expensive. The pH to ensure plant growth 

usually ranges from 6-7 [2]. The pH buffer capacity (pHBC) of the soil is the main parameter that 

determines the rate of pH change during soil acidification. Greater pH buffering will result in slower pH 

changes, and then pH buffering capacity (pHBC) can be used to predict soil acidification trends [1, 3]. 

Soil pH affects the properties, biological, chemical, and physical processes of the soil and thereby affects 

the growth of plants. Changing pH and pH buffering depends on many factors including cation exchange 

capacity (CEC), organic matter content (TOC), dissolution/precipitation reactions, 

protonation/deprotonation reactions of minerals with variable electrical charges already present in the soil 

[3]. Biochar is a product prepared from agricultural by-products by pyrolysis in anaerobic conditions at 

temperatures > 3000C. The common raw material for biochar is mainly waste from various sources, 

including cow dung [4, 5]. Currently, the number of commercial cows in Cu Chi district, Ho Chi Minh City, 

Vietnam has more than 26,870 cows, the amount of cow manure is estimated at 50 tons/day [6], this will 

be a very valuable source of raw materials for producing biochar. In recent years, biochar has received 

attention for its potential to sequester carbon, improve soil fertility, and amend soil [3]. Using biochar can 

increase soil pHBC and reduce soil acidity, due to the contribution of organic salts present in biochar [3]. 

Biochar is alkaline, however, their alkalinity varies depending on the characteristics of the raw materials 

and the pyrolysis temperature [7].  

Bentonite contains mainly montmorillonite (a clay mineral of the smectite group), it is considered a very 

good material to improve the characteristics of degraded soils [8]. Specifically, bentonite has the ability to 
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increase clay content, porosity, water holding capacity, and pH buffer capacity significantly for soil [9]. 

Vietnam has a rich and diverse source of bentonite, in which the main ingredient is montmorillonite reserves 

in Vietnam are very abundant, about 5 million tons (grade 1), 42 million tons (grade 2), and forecasted 

resources are about 350 million m3 [10]. Gray soil in Cu Chi district, Ho Chi Minh City, Vietnam, formed 

mainly on the Pleistocene sediment. The soil layer is usually very thick, with a light mechanical 

composition, and a very high percentage of sand grains (40 - 90%). Soil is acidic, with pH (H2O) < 5.5 and 

pH (KCl) of approximately 4, so it is necessary to invest in improving soil characteristics, especially pH 

[11].  

According to Horrocks, R. Dwain & Vallentine, John F., soil pH plays an important role in providing 

nutrients needed for plant growth. To ensure optimum nutrient availability, the soil pH should be between 

6.0 and 7.0 [12]. To consider the pH stabilization factor of Cu Chi gray soil, it is necessary to further 

investigate the pH buffering capacity of the soil when using biochar, bentonite alone or in combination as 

an amendment. However, studies on this issue are still very lacking. Therefore, the study was carried out. 

The aim of the study was to evaluate their ability to improve soil pH and pH buffer capacity of gray soil. 

2 MATERIALS AND METHODS 

2.1 Materials 

Cow dung samples were taken in a cow farm in Cu Chi province, Ho Chi Minh City (Vietnam). The location 

of the sampling site is 10 ͦ58’17,8’’N; 106 3ͦ4’29,8’’E. The samples were let to dry out and were cut into 

smaller portions under 5mm. They were then baked in an oven at 60oC for 24 h [13].  

2.2 Preparing biochar  

The prepared cow dung samples underwent pyrolysis in a Nabertherm P330 furnace with the following 

temperature settings: 300oC. The heating rate was set to 10oC.min-1. Once the desired temperature was 

reached, the temperature was kept constant for 2 hours and the samples were left to cool in the oven 

overnight. The biochar was then pressed through a plastic sieve (hole diameter of 1mm) to make it 

homogeneous and was stored separately in polyethylene (PE) containers in the dark at 4℃ [14].  

Analyses were conducted on these biochar samples to determine characteristics of surface functional groups 

such as pH and pHpzc [15], total organic carbon (TOC) [16], and functional group  H+/OH- [17], cation – 

exchange capacity (CEC) based on the Walkley Black method. Changes in biochar’s functional groups 

were analyzed by reflectance spectroscopy FT/IR-4700 type A with 350-4000cm-1 resolution.  

Soil sample was taken in Tan Thanh Dong ward, Cu Chi district, Ho Chi Minh City in October 2020 [14]. 

Determine bulk density of soil according to TCVN 8305:2009, pH (ISO 10390:1993), and total organic 

carbon TCVN 8941:2011. 

Soil samples were selected from the post-harvest vegetable growing area. Soil samples were taken at a 

depth of 0-10 cm, the sampling area was 10 m in diameter. Take 5 samples at 4 corners and 1 sample at the 

diagonal center position. Mix them together and take a composite sample. Then, the soil sample was air-

dried, crushed, passed through a 2 mm sieve, and stored at 4ºC. 

Bentonite is provided by Thanh Phuong Chemical Company Limited, with chemical parameters presented 

in Table 1 (Analysis sheet provided by the Company). 

Table 2 Chemical composition of bentonite 

Composition Units Content 

SiO2 % 55.9 

Al2O3 % 17.6 

Fe2O3 % 2.85 

Na2O + K2O % 4.04 

CaO + MgO % 2.02 
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2.3 Chemicals 

All chemicals used in the study were of analytically pure chemicals (Merck) including KCl, HCl, 

NaH2PO4, NaOH, HNO3, NaOH, and H2O2. Distilled water used in the experiments was produced with 

an ultra-clean water purifier Model: EASYpure II RF from Thermo Scientific – USA. 

2.4 Experimental design 

Incubation Experiment 

The incubation process is simulated according to Shi Ren-yong et al., [3] treatments include: 

0. Soil (control sample); 

1. Soil and biochar at the ratios (1, 3, 5%); 

2. Soil and bentonite at the ratios (1, 3, 5%); 

3. Soil, 1% bentonite and biochar at the ratios (0.5; 1; 3; 5%); 

The soil sample was air-dried (120 g), placed in a polyethylene beaker, and mixed with biochar or bentonite 

according to the listed treatments. All mixtures were wetted with deionized water to 60% soil moisture, 

ambient temperature (27 °C), and covered with a lid with a small hole perforated to prevent excessive water 

loss. The samples were incubated for 30 days. Every 3 days, samples were weighed and watered to maintain 

a constant 60% moisture content throughout the incubation period. Repeat the experiment 3 times for each 

treatment. After incubation, the soil samples were air-dried and ground through a 2 mm sieve to determine 

pH, and pH buffering capacity [1, 3]. 

Determination of pH and pHBC of soil samples 

Determination of pH 

Soil samples pH were determined when they were equilibrated with water in a 1:5 solid/liquid ratio. 

Determination of pHBC of soil samples 

The experimental model is simulated from the study of Xu et al., the pH buffer of the soil sample was 

determined by titration technique. Soil samples were established by adding a series of standard 

concentrations of HCl or NaOH of known concentrations to the soil suspension at a 1:5 solid/liquid ratio. 

The addition of HCl or NaOH was adjusted depending on the initial soil pH to make the titration curve 

range from 4.0 to 7.0. Specifically, 4 g of the soil sample was transferred into six 50 mL polyethylene tubes 

and deionized water was added to a final volume of 20 mL after adding 0.04 M HCl or NaOH (standard 

solution) to have a chain of tubes with pH ranging from 4-7. Add 1.0 mL of 0.04 M CaCl2 and 0.25 mL of 

chloroform to each tube to increase dissociation and inhibit microbial activity. 

The suspensions were shaken for 24 h at 25 °C and equilibrated for another 6 days. During that time, shake 

for 2 minutes daily. At the end of the time, the solution pH was measured. The pH buffer capacity of soil 

samples was calculated from the slope of the linear part of the acid-base titration curves [1, 3, 18]. 

2.5 Data processing 

The collected data were collected and statistically processed by the software included in Excel. To minimize 

the sources of error, duplicate samples were used in the analyzes to evaluate accuracy and bias. Experiments 

and analyzes were repeated 3 times. SPSS 22.0 was used to determine the homogeneity of variance, then 

to determine the difference of mean values between experiments with p < 0.05 by Tukey's test post hoc 

when Sig > 0.05 or Tamhane when Sig<0.05. 

3 RESULTS  

3.1 The properties of soil and biochar 

The results of determining some properties of the soil sample, Table 2, showed that the soil sample had a 

pH of 5.5, in the form of medium acidic soil. Bulk density, density were 1.40 and 2.54 g/cm3, respectively, 

belonging to the group with light-medium mechanical composition.  
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Table 2 Some properties of soil 

 

Element Unit Results SD 

    

Density g/cm3 2.54 0,08 

Bulk density g/cm3 1.4 0,1 

pH pH 5.5 0,1 

TOC content % 3.2 0,5 

SD: standard deviation 

 

The results are similar to the study of Vu Thuy Duong et al., for a bulk density of 1.53 g/cm3 also with the 

sample obtained in Ho Chi Minh City [19]. The TOC content in the soil was 3.2%, within the average 

organic content according to the Vietnam Soil Science Association. The results of the study on biochar 

recovery efficiency and some surface physicochemical components of biochar are detailed in Table 3 [20]. 

 
 

Figure 1. FTIR spectrum of biochar 300ºC 

 

Table 3 Recovery efficiency and some surface physicochemical components of biochar 

 

t ºC % H pH pHpzc mmolH+ g-

1 

mmolOH- g-1 %TOC CEC, mmol kg-1 

300 63.0 7.91 7.4 5.1 11.3 36.7 113 

SD 1.7 0.03 0.1 0.1 0.1 5.3 12 

3.2 Effect of biochar addition on soil pH and pHBC 

The results of studying the effects of adding pyrolysis biochar at 300ºC, Figure 2a, showed that when adding 

biochar to the soil, acidic soil samples (low pH) were improved. Specifically, the soil without biochar had 

a pH of 5.5 and 5.3; 6.0 and 6.5 corresponding to the amount of biochar added to the soil of (1, 3, 5%, 

respectively). Similar research results were also found in the study of Yuan et al., suggesting that the 

increase in pH of the treatments when increasing the amount of biochar could be due to an increase in the 

alkalinity of the biochar [21].  
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a. pH of treatments No. 1 b. pHBC of treatments No. 1 

Figure 2.  pH and pHBC of the treatments added with biochar, 

letters a and b represent statistically significant differences. 

 

Also according to the research results, when adding 1% biochar, its pH decreased compared to the control 

sample. This can confirm that the alkaline content of biochar is not the only parameter that changes the pH 

of the soil, but there may also be mineralization of organic compounds containing N. Similar results were 

found in Shetty & Prakash's study for bamboo-derived biochar (10 tons ha-1 application) [22]. 

3.3 Effect of bentonite addition on soil pH and pHBC 

The results when adding bentonite to the soil, Figure 3, showed that the pH of the soil sample increased. 

Specifically, the soil without adding bentonite has a pH of 5.5 and 6.5, respectively; 6.4 and 6.4, when the 

amount of added bentonite increased by 1, 3, and 5%, respectively. At the 1% bentonite ratio, the pH value 

of the soil sample was highest compared with no addition, the rate of 3 or 5%. Its pH value differs 

statistically.  
 

  
a. pH of treatments No. 2 b. pHBC of treatments No. 2 

Figure 3. pH and pHBC of the treatments added with bentonite 

Letters a,b, c represent statistically significant differences. 
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3.4 Effects of the addition of 1% bentonite combined with biochar 

Research results on the addition of 1% bentonite to the soil combined with biochar at the rate of 0.0; 0.5; 

1.0; and 3.0% are presented in Figure 4a. All treatments gave suitable pH for plant growth [12, 23]. When 

increasing the rate of biochar by 0.5 and 1%, the pH decreased significantly compared with no addition of 

biochar. Only when the amount of biochar was increased to 3% did the pH increase significantly compared 

to 0.5 and 1% but the pH remained lower than when not adding biochar. This can be explained by the 

mineralization of organic compounds containing N [22]. In addition, bentonite has the ability to adsorb both 

cations and anions because the silicate structure is negatively charged on the outside surface and Al2O3 is 

positively charged on the inside surface [24]. This has had the effect of reducing soil pH when biochar is 

added.  

 

  

a. pH of treatments No. 3 b. pHBC of treatments No. 3 

Figure 4 pH and pHBC of the treatments added 1% bentonite combined with biochar 

Letters a, b, c and d represent statistically significant differences. 

4 DISCUSSION 

4.1 The properties of soil and biochar 

The results from the analysis on a FT/IR-4700 type A spectrometer (Figure 1), showed a peak at 3500- 

3000 cm-1 for biochar produced at 300℃. This suggests the presence of a large –OH functional groups. The 

peak at 1590-1520 cm-1 happened due to COO- bonds. The peak at 1160-1020 cm-1 is speculated to be 

caused by the vibration of C−O−C bonds of polysaccharide or carbonate (CO32−) compounds. These 

results have shown that the use of biochar pyrolysis at 300℃ which has contains OH, COO- groups on the 

surface can improve the pH and pH buffering capacity of the soil [3]. 

4.2 Effect of biochar addition on soil pH and pHBC 

Analysis of the average values of pH when adding biochar showed that with the addition of biochar 0 and 

1%, the difference was not statistically significant, but 3% was different from 0 and 1%, Figure 2a. While 

between 3 and 5%, the difference was not significant. Similar results were found in Shetty & Prakash's 

report for biochar derived from bamboo and rice husk at the rates of 10, 20 tons ha-1 [22]. The obtained 

results show that the addition of biochar to the soil from 3 to 5% is suitable for the growth of vegetables in 

Cu Chi (pH 6.0–7.0) [2].  

According to the research results, when adding 300ºC biochar to the soil, Figure 2b, it was shown the pH 

buffering capacity (pHBC) of the soil sample increased. Specifically, the soil when not adding biochar had 

a pHBC of 12.3, but when adding biochar at the ratios of 1, 3, and 5%, the buffering capacity was 10.1, 

12.1, and 12.4 mmolH+(OH-) kg-1. 
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Analysis of the difference in mean values of pHBC when adding biochar showed that the difference in 

treatments was not statistically significant. 

Research results show that using biochar at the rate of 3, and 5% improves pH but has not shown a 

significant improvement in pH buffering capacity. 

Biochar derived from cow dung pyrolysis at 300℃ when used to amend Cu Chi gray soil showed a positive 

correlation with pH and pH buffer. However, the degree of correlation with pH is stronger than pHBC. 

There is also a positive correlation between pH and pHBC in the use of biochar. 
 

Table 4 Correlation between biochar, pH and pHBC 

  Biochar pH  pHBC  

Biochar 1 0.939** 0.887** 

pH   1 0.809** 

pHBC    1 

**. Correlation is significant at the 0.01 level (2-tailed). 

Research results confirm that the use of biochar derived from cow dung pyrolysis at 300℃ can both improve 

pH and increase pH buffering capacity of Cu Chi gray soil. However, the degree of improvement and the 

amount of biochar used are factors to consider. 

With the rate of 3%, the amount of biochar needed to be about 40 tons ha-1 is too large, which is very 

difficult to do. Therefore, the study of using bentonite was considered. 

4.3 Effect of bentonite addition on soil pH and pHBC 

The results showed that the alkalinity from bentonite has the ability to improve pH. This is explained by 

the presence of hydroxyl groups on the bentonite surface and these groups are able to accept protons from 

the soil [25]. When the percentage of bentonite was increased to 3.5%, but the pH of the soil sample did 

not increase, which was explained by the increase of free cations such as Ca, Mg, Fe or Al that exchanged 

protons of some organic substances in the soil that had caused the soil pH to decrease a little. On the other 

hand, it is also possible that high valence cations such as Fe3+ or Al3+ are hydrolyzed. Similar results are 

found in the report of Chittamart et al. that bentonite can only raise the pH up to 6.0. This pH value is 

recommended to limit the dissolution of aluminum, which can be toxic to plant roots [26]. 

With soil supplemented with bentonite, Figure 3, when increasing the amount of bentonite from 1% to 3%, 

the pH buffering capacity increased statistically significantly, between 3 and 5% there was no significant 

increase. Specifically, the pH buffering capacity increased by 11.3; 31.2; 41.4 mmolH+(OH-) kg-1 

corresponding 1, 3, 5%. This can be explained by the fact that on the bentonite surface there are hydroxyl 

groups and they have the ability to accept or donate protons [25]. The basic characteristic of bentonite is 

the ability to exchange ions because on the surface of the clay layers, there are negatively charged (O, OH) 

centers, which are capable of adsorbing and exchanging cations. A similar explanation was also found in 

the study of Shi et al. suggested that pHBC changes depend on many factors such as cation exchange 

capacity (CEC), and protonation/deprotonation reactions on variable charge-containing minerals [3]. 

Aluminum content on bentonite surface is directly related to cation exchange capacity and has a great 

influence on pHBC [26]. However, the level of 3% corresponding to about 45 tons ha-1 is not feasible for 

the application. Moreover, the increase of bentonite means an increase in clay content, which will increase 

soil bulk density and reduce soil porosity. In the long run, it will be detrimental to plant growth. A similar 

explanation has also been found in the results of El-Nagar & Sary's study [24]. Therefore, the selection of 

1% bentonite combined with biochar with the desire to increase the pH buffering capacity was made. 
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Using bentonite to improve Cu Chi gray soil showed that the percentage of bentonite addition was positively 

correlated with pH and pHBC, but the degree of correlation with pH was not high. The correlation between 

pH and buffering capacity in the process of using bentonite is also proportional but low level.  
Table 5 Correlation between bentonite, pH and pHBC 

 

 Bentonit pH  pHBC 

Bentonit 1 0.615* 0.932** 

pH   1 0.432 

pHBC    1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

Research results have confirmed that bentonite can partially improve pH but can improve the pHBC of Cu 

Chi grey soil very well.  

4.4 Effects of the addition of 1% bentonite combined with biochar 

Unlike the process of improving pH, when the soil was added 1% bentonite combined with biochar 0; 0.5; 

1.0, 3.0%, Figure 4b, shows that the pH buffering capacity increased statistically significantly. Specifically, 

the buffer capacity of the treatments were 11.3; 17.2; 24.1, 31.9 mmolH+(OH-) kg-1 corresponding to the 

ratio of biochar added 0; 0.5; 1.0, 3.0%. The pH buffering capacity is attributed to the protonation and 

deprotonation of the oxygen-containing functional groups of biochar as they interact with bentonite. This 

process increases the pH buffering capacity of the soil [1]. 

The results of analysis of the correlation between the percentage of biochar, pH, and pHBC when the soil 

contains 1% bentonite to improve Cu Chi gray soil shows that biochar is negatively related to pH but at a 

low level and positively related to pHBC at very tight levels. There is also a positive correlation between 

pH and buffering capacity only at a tight level. 

 
Table 6 Correlation between biochar, pH, and pHBC when the soil has pre-added 1% bentonite 

 

  Biochar pH  pHBC  

Biochar 1 -0.465 0.939** 

pH   1 -0.701* 

pHBC    1 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

The results of the correlation analysis confirmed that the use of 1% bentonite combined with biochar at the 

ratios slightly reduced the pH but increased the buffering capacity of the gray soil of Cu Chi very 

significantly. 

In general, all treatments gave a pH in the range of pH (6-7) suitable for plants, except for the treatments 

without adding and adding 1% biochar. 
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Figure 5: pH of the treatments. 

 

However, the treatments including 3 and 5% biochar, 3 and 5% bentonite, 1% bentonite combined with 3 

and 5% biochar were not suitable because the amount used was too large when applied in the field (range 

40 – 65 tons ha-1).  

 
 

Figure 6: pHBC of the treatments. 

 

The treatments of 1% bentonite, and 1% bentonite combined with 0.5 and 1.0% biochar were further 

reviewed to evaluate the pH buffering capacity. Research results in Figure 6 showed that the treatment of 

1% bentonite combined with 1% biochar was suitable for improving the pH and pHBC of Cu Chi gray soil. 

5 CONCLUSION 

From the above research results, some conclusions can be drawn as follows: 

Gray soil and cow manure (Cu Chi district, HCMC) were collected. Cow manure has been prepared at 

temperatures of 300ºC. The physicochemical properties of the soil (Bulk density, density, pH, TOC) and 

biochar (Recovery yield, TOC, pH, pHpzc, the number of H+/OH- groups, OH-, CEC) were determined. 

Research results show that biochar derived from cow dung pyrolysis at 300℃ and bentonite both improve 

pH and pH buffer capacity of gray soil in Cu Chi district, Ho Chi Minh City, Vietnam. The process of 

combining 1% bentonite and 1% biochar both improves soil pH and increases pH buffering capacity. This 

dosage is suitable for cultivation conditions. Research results have confirmed that the combination of 

bentonite and biochar derived from cow dung pyrolysis at 300℃ to amend Cu Chi gray soil is based. 
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Abtract. In this study, we apply the green synthesis method of ZnO nanoparticles using Blumea 

Lanceolaria and Syzygium Nervosum leaves extract as an excellent photochemical catalyst for the 

decomposition of organic pollutants in water. The synthesized nanoparticles were tested by using various 

analytical techniques such as Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), 

energy-dispersive X-ray spectroscopy (EDX) and scanning electron microscopy (SEM) analysis. The bio-

synthesized ZnO nanoparticles are single crystalline phases with a size range of 10 - 50 nm. Degradation 

of methyl blue (MB) and methyl red (MR) by the green ZnO nanoparticles as photocatalytic catalyst reached 

74%. 
 

Keywords. Green synthesis, ZnO nanoparticles, photochemical catalyst, methylene blue, methyl red. 

1 INTRODUCTION 

As life develops, the demand for fashion is increasing day by day. Along with the development of fashion,  

the textile industry has become one of the main industries that pollutes water due to the use of dyeing 

chemicals. Many classic methods for textile wastewater treatment are used such as coagulation methods, 

sintering, biodegradation, and adsorption by activated carbon. However, these methods have both 

environmental or economic disadvantages. Natural decomposition of toxic organic substances by natural 

light is the most ideal, but it takes a lot of time because of the slow degradation. To promote this 

photochemical process, series oxides such as TiO2, ZnO, SnO2, WO2, CeO2 are used as the catalysts [1-4]. 

Among the oxides, ZnO has showed higher photocatalytic efficiency than others, especially in the 

ultraviolet energy region [5]. Besides being a photocatalytic agent for the decomposition of toxic organic 

substances by natural light, ZnO is also used as an activator in the vulcanization of natural and artificial 

rubber, ingredients for sunscreen, increase the chemical resistance of products and used to create gloss or 

opacity for glass products, and ceramics in the electric and electronic fields such as diodes [6], solar cells 

[7], photodetector [8], and semiconductor [9].  

Nanomaterials have superior electrical, optical, magnetic, and chemical properties due to the high ratio of 

atoms on its surface compared to the total number of atoms of the bulk material [10]. ZnO nanoparticles 

can be synthesized by physical methods and chemical methods. Physical methods include evaporation [11], 

pulsed laser deposition [12], and sputtering [13]. Chemical methods are precipitation [14], hydrolysis [15], 

hydro-thermal [16], solgel [17], solve- thermal [18], and pyrolysis [19]. Besides, biological method using 

plant leaf extracts as a stabilizer and reducing agent for the synthesis of ZnO nanoparticles has also been 

developed [20]. Nowadays, the biological method is considered the current trend because it has many 

advantages over other methods. It is an environmentally friendly synthesis method, using less commercial 

toxic chemicals [21]. Plants that have been used in the nano ZnO synthesis such as Cassia fistula [22]; 

Couroupita guianensis Aubl [23], Azadirachta indica [24], Carissa edulis, Nyctanthes arbor-tristis [25]; 

Citrus aurantifolia [26], Anchusa italica [27]. Vietnam is a country with favorable climatic conditions for 

many plants. The research brings potential applications to the flora of Vietnam, bringing more economic 

value to the country, is an urgent task. In this study, we applied a green approach to synthesize ZnO 

nanoparticles by using the extracts of Syzygium nervosum and Blumea lanceolaria without any toxic 

commercial chemicals .  

Syzygium nervosum belongs to the Myrtaceae family, is easy to grow and grows very well in the tropics. In 

particular, the tree can also live in the harshest weather conditions. The leaves have oval leaves, green on 
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both sides and sometimes appear some small brown spots. The leaf edge is not serrated, the petiole is about 

2-3 mm long.  Syzygium nervosum grows in many countries around Asia such as Laos, Cambodia, Malaysia, 

and Vietnam. In Vietnam, as a light-loving tree, this tree grows naturally on the banks of lakes, streams, 

and fertile lowland areas. The leaves contain tannins, vitamins and some minerals, and also have 4% 

fragrant essential oils. The antibiotic in the leaves of the plant can kill many types of bacteria such as 

leukemia bacteria, Salmonella, etc. In traditional medicine, the leaves are cool, less toxic, and have a heating 

effect.  Syzygium nervosum extract has antibacterial and anti-inflammatory effects [30]. 

Blumea lanceolaria is a species of the Asteraceae family.  Blumea lanceolaria are cultured in many places 

in South Asia and Southeast Asia, South China, Taiwan. The tree usually grows naturally in gardens or in 

forests at low altitudes due to the wind blowing the feathery pods. It’s also herbaceous plant with 0.6–2 m 

tall, body vertical, with longitudinal grooves, and nearly smooth. The leaves are spear-shaped, and oblong. 

The edges are serrated, the upper leaves are smaller. Blumea lanceolaria leaves contain about 0.24% 

essential oil with the main components of methylthymol (94.96%), also p-cymen (3.28%), and limonene 

(0.12%). 

In Vietnam, the leaves and buds of Syzygium nervosum  plant are used to make drinking water with cooling 

and anti-aging effect. The leaves of the Blumea lanceolaria are used for folk medicine and food processing. 

Therefore, using the Syzygium nervosum leaf extract and the Blumea lanceolaria leaf extract to synthesize 

the eco-friendly ZnO nanoparticles can now be a research direction with many prospects and application 

potentials in the future. 

2 MATERIALS AND METHODS 

2.1 Materials  

Syzygium nervosum leaves were collected from Dong Nai province, southern Vietnam. Blumea lanceolaria 

leaves were collected from the north of Vietnam. Zn(NO3)2 was purchased from Chenlong Chemical Co., 

Ltd (China). 

2.2 Preparation of extracts 

The Syzygium nervosum leaves and Blumea lanceolaria leaves were washed, dried, and grinded into powder 

under the environmentally ambient conditions. Then, 1 gram of Syzygium nervosum leaves powder was 

added to 50 mL of distilled water and stirred continuously without heating for 2 hours. After stirring, the 

mixture was heated in a water bath at 60oC for 60 minutes and then cooled down to room temperature. 

Finally, the transparent extract solutions are obtained by carrying out vacuum filtration. Blumea lanceolaria 

leaves extract can be prepared similarly following the above-described procedure. The residue can be used 

as compost for plants [31]. 

2.3 Synthesis of ZnO nanoparticles using the leaves extract 

Zn(NO3)2.6H2O was dissolved in each extract by the ratio of 1/21 (g/mL). The mixture was stirred with a 

magnetic stirrer for 60 minutes at room temperature, then heated in a water bath at 60 °C until the 

consistency of the mixture looked like a dark brown viscous liquid. Then the mixture was heated at 350 oC 

for 1 hour. Finally, ZnO nanoparticles in the form of fine powder with a specific white color were obtained 

[32]. 

The effect of the ratio between Zn(NO3)2.6H2O and the extract leaves was studied by varying the ratio of 

1/42 and 1/63 (g/mL). To investigate effect of temperature, the heating temperatures of the sample at 350 
oC, 400 oC and 450 oC were applied in the air with the heating rate of 8oC/min. 

2.4 Evaluate the catalytic activity of ZnO nanopartiles toward MB and MR decomposition 

The exact amount 0.05g of ZnO nanoparticles was added to 100 mL solution containing 5 mg of MB (or 

MR). First, the mixture was stirred in the dark for 90 minutes to reach adsorption equilibrium, then 

illuminated the mixture with Osram lamps. After every 15 minutes, 4 mL of the solution was taken out to 

separate the solid and measure the optical density.  
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3 RESULTS AND DISCUSSION 

3.1 Optimization of synthesis process for ZnO nanoparticles from Syzygium nervosum 

leaves extract 

 
 

Figure 3.1. XRD patterns of  ZnO nanoparticles synthesized with different ratios of Zn (NO3)2.6H2O and Syzygium 

nervosum leaves extract (g/mL) 

 

Figure 3.1 shows XRD patterns of ZnO nanoparticles synthesized with different ratios of Zn (NO3)2.6H2O 

and Syzygium nervosum leaves extract. The diffraction peaks at 2θ of 31.630o; 34.470o; 36.288o; 47.525o; 

56.394o; 62.860o; 66.5o; 67.9o; 69.1o correspond to the crystal planes (100), (002), (101), (102), (110), (103) 

and (112) of ZnO, respectively [33]. The peaks are assigned to the hexagonal phase of ZnO, according to 

JCPDS card number 36-1451. Interestingly, there were no impurity peaks that usually appeared due to the 

minerals from plant extract residues and the unreacted salts Zn (NO3)2. 

The crystalline size of the nano ZnO  is calculated by Scherrer’s equation from the width values of the half 

height of the maximum diffraction line on the XRD plot as follows: 
 

𝑑 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃
=

0,9×0,15418

(0,392×
𝜋

180
)×cos 18,144

= 21,34 (𝑛𝑚) 

 

Table 3.1. Mean particle size of ZnO samples synthesized with the ratios of Zn (NO3)2.6H2O and Syzygium 

nervosum leaves extract (g/mL) 

 

Mass of 

Zn(NO3)2.6H2O (g) 

Syzygium 

nervosum leaves 

extract (mL) 

Heating 

temperature (oC) 
2𝜃 𝛽(degree) d(nm) 

1 21 350 36.288 0.392 21.34 

1 42 350 36.276 0.576 14.52 

1 63 350 36.252 0.697 12.00 

 

As can be seen in the table 3.1m in the increase of the ratio between Zn(NO3)2.6H2O and Syzygium 

nervosum leaves extract, the crystalline size of ZnO nanoparticles changed significantly from 21.34 nm to 

12 nm, respectively. The ratio of 1/63 g/mL was chosen as optimal for further experiments. 
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Figure 3.2: XRD patterns of  ZnO samples synthesized at heating temperatures 350 oC, 400 oC, 450 oC. 

Table 3.2. Mean crystalline size of ZnO nanoparticles at different heating temperatures. 

Mass of 

Zn(NO3)2.6H2O (g) 

Syzygium nervosum 

leaves extract (ml) 

Heating 

temperature (oC) 
2𝜃 𝛽(độ) d(nm) 

 

1 63 350 36.259 0.703 11.90 

1 63 400 36.253 0.757 11.05 

1 63 450 36.201 0.825 10.14 

 

The diffraction peaks at 2θ of 31.630o, 34.470o; 36.288o, 47.525o; 56.394o; 62.860o, 66.5o, 67.9o, and 

69.1o related to the crystal planes (100), (002), (101), (102), (110), (103) and (112) of ZnO, respectively 

[33]. The peaks are assigned to the hexagonal phase of ZnO, according to JCPDS card number 36-1451. 

Table 3.2 shows the change in heating temperature from 350 oC to 450 oC. It’s been found that there is a 

slight change in the crystalline size of ZnO nanoparticles, but not significantly. To save energy while 

ensuring small crystalline size, heating temperature of 400 oC was chosen for further experiments. 

3.2 Physico-chemical properties of ZnO nanoparticles synthesized from Syzygium 

nervosum leaves extract. 

 
 

Figure 3.3: FTIR spectra of ZnO nanoparticles synthesized with ratio of Zn (NO3)2.6H2O/Syzygium nervosum leaves 

extract 1:63 (g/mL) and at 400 oC. 
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Figure 3.3 shows the main peaks at 3412 cm-1, 1630 cm-1, 1374 cm-1, and 1105 cm-1, 618 and 519 cm-

1, confirming the presence of organic compounds given by the extract. The broadband with a central peak 

at 3412 cm-1 is attributed to O-H bonds; The peak at 1630 cm-1 is related to C = C of benzene rings. The 

peak at 1374 cm-1 is assigned to N-O bonds form -NO2. The peak at 1105 cm-1 corresponds to C-O 

bonds [34]. The peaks between 650-400 cm-1 are characteristic of metal oxide bonds. Accordingly, the 

peak at 618 cm-1 is characteristic of Zn-O bonds [35]. The appearance of organic functional groups along 

with the peak of Zn-O showed the role of Syzygium nervosum leaves extract acted as active agent during 

the preparation of ZnO nanoparticles [36, 37]. 

 

   
 

Figure 3.4: SEM images (A) and EDX spectrum (B) of the ZnO nanoparticles  synthesized from Zn(NO3)2.6H2O 

and Syzygium nervosum leaves extract 

 

Figure 3.4 shows the SEM images and EDX spectrum of the ZnO nanoparticles synthesized from 

Zn(NO3)2.6H2O and Syzygium nervosum leaves extract. The biosynthesized ZnO nanoparticles have a 

uniform spherical shape with a porous surface. The average particle size is about 40 nm, similarly 

described in a previous study [38]. The EDX spectrum shows that ZnO nanoparticles consist mainly of 

71.05% zinc and 23.15% oxygen. A small amount of K and Cl were also detected due to the presence of 

several minerals in the leaves [39]. 

3.3 Optimization conditions of synthesis ZnO nanoparticles from Blumea lanceolaria 

leaves extract. 

 
 

Figure 3.5: XRD patterns of ZnO nanoparticles synthesized at 4000C with  different ratios of Zn (NO3) 2.6H2O and 

Blumea lanceolaria leaves extract (g/mL). 

  

(A) (B) 
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Table 3.3. Mean crystalline size of ZnO nanoparticles synthesized at 4000C with different ratios of Zn (NO3) 2.6H2O 

and Blumea lanceolaria leaves extract. 

Mass of 

Zn(NO3)2.6H2O (g) 

Blumea lanceolaria 

leaves extract (L) 
2𝜃 𝛽(degree) d(nm) 

1 40 36.5 0.5 15.88 

1 80 37.0 0.6 13.24 

1 120 36.75 0.8 9.93 

 

Similar to the XRD patterns of ZnO nanoparticles synthesized by Syzygium nervosum leaves extract, 

XRD patterns of ZnO nanoparticles synthesized by Blumea lanceolaria leaves extract also have the 

diffraction peaks at 2θ of 31.630o, 34.470o, 36.288o,47.525o, 56.394o, 62.860o, 66.5o, 67.9o, 69.1o 

corresponding to the crystal planes (100), (002), (101), (102), (110), (103) and (112) of pure hexagonal 

ZnO, respectively. In the increase of the ratios between Zn (NO3) 2.6H2O and Blumea lanceolaria leaves 

extract from 1/40 to 1/120 (g/mL), the crystalline size of ZnO changed significantly from 15.88 nm to 

9.93 nm. Thus, the ratio of 1/120 can be the optimal ratio and used for further experiments. 

3.4 Physicochemical properties of ZnO nanoparticles synthesized from Blumea 

lanceolaria leave extract. 

Figure 3.6: FTIR spectrum of ZnO nanoparticles synthesized by Blumea lanceolaria leaves extract. 

Figure 3.6 shows the similarity in the presence of several peaks of ZnO nanoparticles synthesized by 

Blumea lanceolaria and Syzygium nervosum leaf extract. The peaks at 3481 cm-1, 1640 cm-1; 1368 cm-1, 

and 1053 cm-1 are characteristic for O-H, C = C; N-O, and C-O bonds, respectively. Besides, some new 

peak appeared at 2974 and 2866 cm-1 corresponding to C-H bonds. The characteristic Zn-O bonds were 

also detected by the peak with wavenumbers at 618.07 cm-1 and 519.72 cm-1. 

 

Figure 3.7: SEM images(A)  and EDX spectrum (B) of the ZnO nanoparticles synthesized from Zn (NO3) 2.6H2O 

and Blumea lanceolaria leaves extract. 

(B) (A) 
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The SEM images showed that ZnO nanoparticles synthesized from Zn(NO3) 2.6H2O and Blumea 

lanceolaria leaves extract were spherical and irregular in size. The particle size range was most observed 

at average 10 -15 nm. The EDX spectrum of the ZnO nanoparticles synthesized from Blumea lanceolaria 

leaves extract shows that the weight percentage of Zn is 56.54% and of O is 29.69 %. K, Cl, and S were 

also found in small quantity. 

3.5 Assessment of the photocatalytic activity of ZnO nanoparticles toward MB and MR. 

Table 3.4 Effect of time and mass of ZnO nanoparticles on MB decomposition process. 

Time 

(minute) 

0.05g nano ZnO/100 mL MB (5mg/L) 0.1g nano ZnO/100 mL MB (10 mg/L) 

Optical density (At) 
MB decomposition 

performance (%) 
Optical density (At) 

MB decomposition 

performance (%) 

0 0.9 0.00 0.843 0.00 

90 0.606 32.66 0.464 44.956 

150 0.268 70.02 0.223 73.55 

 

Table 3.5 Effect of time and mass of ZnO nanoparticles on MR decomposition process. 

As can be seen in Table 3.4 and Table 3.5, ZnO nanoparticles indicated photocatalytic performance for 

MB and MR dyes. Specifically, after the equilibrium time of 90 minutes, concentrations of MB and MR 

continued to decrease under visible light irradiation. Within 150 minutes, the degradation of MB and MR 

reached almost 73.6% and 66.2%, respectively.  

4 CONCLUSIONS 

In summary, green ZnO nanoparticles were successfully synthesized by using extracts from Syzygium 

nervosum leaves and Blumea lanceolaria leaves. The biosynthesized ZnO nanoparticles are single phase 

without any crystal impurities. The obtained ZnO can effectively catalyze the reaction of the natural 

decomposition of toxic organic matter by visible light irradiation. Therefore, the nanoproduct can be a 

promising photocatalyst applied in environmental protection from toxic organic compounds. 
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Abstract. Climate change has been happening globally. In recent years, there have been many published 

studies on climate change adaptation solutions to water resources, but few in-depth studies on the effects 

of climate change on water resources at the La Nga river basin, especially on groundwater resources. 

Meanwhile, in the high-terrain areas of the La Nga river basin, where the water supply systems have not 

yet reached, people have exploited underground water sources for daily life, aquaculture, and production, 

especially for agricultural irrigation. Therefore, our research focused on the variation in rainfall over periods 

from 2016 to 2035; 2046 - 2065, and 2080 - 2099 to objectively forecast the amount of rainwater 

replenishment for groundwater in this area. The selected research method was the SCS method and the 

HEC - GeoHMS model was run on ArcGis software, combined with the climate change and sea level rise 

scenarios of the Ministry of Natural Resources and Environment (2016, MONRE). According to the 

forecast of the RCP 4.5, there will have an increase in rainfall (from 3061.6mm in 2013 to 3747.9mm in 

the period of the years 2080 – 2099)  and in groundwater recharge (from 2324.4mm in 2013 to 2723.5mm 

in the period of the years 2080 – 2099) but at the same time, the permeability rate decreases. In 2013, the 

permeability rate  is 75.4% and the forecast of that in 3 periods 2016 - 2035; 2046 - 2065; 2080 - 2099 is 

73.7; 73.8; 72.7 (%), respectively with the reduction in permeability rate compared to 2013: 1.7; 1.6; 2.7 

(%).  

 

Keywords. Climate change, groundwater, permeability, SCS method, La Nga river basin 

1.  INTRODUCTION 

Climate change is happening all over the world. Climate change has impacted human survival, specifically 

on water resources, energy, human health, agriculture, food security, and biodiversity. Groundwater is also 

strongly affected by climate changes [1] and one of the important consequences is changes in the quality 

and quantity of groundwater resources [2]. In recent years, there have been many studies on climate change 

affecting groundwater. The study evaluated the impacts of climate change on fresh groundwater resources 

[3] using the Hadley Centre climate model, HadCM3 with high and low emission scenarios (SRES A2 and 

B2) for the years 2000-2099. The results showed that precipitation and temperature individually did not 

show good correlations with fresh groundwater loss. However, the relationship between the aridity index 

and fresh groundwater loss exhibited a strong negative correlation. The study of  Lhoussaine Bouchaou Et 

al., 2011, describes the available data, which could be used to indicate the CC effects on groundwater in 

the Souss- Massa basin in southwestern Morocco [4]. Precipitation decreased during the last three decades. 

The recurrent droughts and decreases in recharge directly affect the groundwater level. The result of the 

research “Comparative assessment of climate change and its impacts on three coastal aquifers in the 

Mediterranean” [5] showed that Scenario modeling of groundwater flow shows its response to the 

predicted decreases in recharge. In Vietnam, there are research topics on climate change affecting 
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groundwater resources such as  Prediction of climate change – sea level rise effects on groundwater in 

Quaternary in the coastal area of Bacbo plain [1], Study on the influence of sea level rise due to climate 

change movements salinization coastal plain Ha Tinh [6], Impact of rainfall changes on the shallow 

groundwater recharge - A case study in Hau Giang province [7] 

As a developing country located in Southeast Asia with a long coastline, most of the factors causing damage 

to production and human life are related to the anomalies of climate and weather, Vietnam is classified as 

one of the five most vulnerable countries to climate change [8]. Lam Dong is considered a province with a 

high level of economic development in the Central Highlands. However, water supply systems have not yet 

reached the high terrain areas of the La Nga river basin, people have exploited underground water sources 

for daily life, aquaculture, and a large part of the production, especially for agricultural irrigation [9]. 

Therefore, to grasp the trend of climate change in Vietnam and Lam Dong province, it is necessary to assess 

the impact of climate change on the groundwater resources of the high terrain areas of the La Nga river 

basin. The methods we selected for our study are SCS Method and HEC – GeoHMS model, developed by 

the HEC agency. These methods are completely suitable for assessing the impact of climate change on the 

amount of infiltration to replenish groundwater. Research results are the basis for proposing the most 

appropriate measures to limit the negative impacts of climate change on groundwater resources. 

2. CONTENT 

2.1  Research methods 

Research area 

La Nga river basin passes through 3 districts of Lam Dong province: Bao Loc, Bao Lam, and Di Linh. This 

is a basin in the Central Highlands, adjacent to the key economic regions of the South, and the Southeast, 

so it is convenient for socio-economic development exchanges. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location map of La Nga river basin in Lam Dong province 
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Research methods 

SCS method and HEC – GeoHMS model, developed by the HEC agency, is completely suitable for 

assessing the impact of climate change on the amount of infiltration to replenish groundwater. Factors such 

as effective rainfall, soil, cover, ... are expressed through CN value. They are denoted: Ia: Initial abstraction, 

Pe: The depth of rainfall excess; Fa: Continuing abstraction; P: The depth of precipitation. 

Assumption: 

 
𝐹𝑎

𝑃𝑒
=

𝑆

𝑃−𝐼𝑎
   (1) 

S: Potential maximum retention  

According to the conservation principle: 𝑃 = 𝑃𝑒 + 𝐼𝑎 + 𝐹𝑎,  (2) 

So  𝑃𝑒 = 𝑃 − 𝐼𝑎 − 𝐹𝑎 (3) 

There for:  
 

𝐹𝑎 =
𝑆(𝑃−𝐼𝑎)

𝑃−𝐼𝑎+𝑆
    (4) 

The US Soil Conservation Service has found by experience that, 

 𝐼𝑎 = 0,2𝑆  (5)  

So:  𝐹𝑎 =
𝑆(𝑃−0,2𝑆)

𝑃+0,8𝑆
  (6) 

The term S is given by 

 𝑆 = 25,4
1000−10𝐶𝑁

𝐶𝑁
   (7) 

 CN: Curve Number. CN has a value in the range (0 - 100). Waterproof surface or water surface: CN = 100; 

Natural surface: CN < 100. 

Soil moisture before the rain is called antecedent moisture conditions and is divided into 3 groups: Low 

humidity conditions (dry) (AMC I); Normal antecedent moisture conditions (AMC II); Wet conditions 

(AMC III). 

The criteria for classifying this condition are listed in Table 1. 

 

Table 1. Standards for classification of antecedent moisture conditions 

AMC group I II III 

 

Total 5 day 

antecedent rainfall 

 

Dormant season 
(Inche) <0.5 0.5 – 1.1 >1.1 

(mm) <13 13 - 28 >28 

Growing season 
(Inche) <1.4 1.4 – 2.1 >2.1 

(mm) <36 36 - 53 >53 

                                                                                                                        Source: [9] 

CNs have been tabulated by the Soil Conservation Service based on soil type and land use. Soil is classified 

into 4 groups: Group A: deep sand, deep loess, aggregated silts; Group B: shallow loess, sandy loam; Group 

C: clay loams, shallow sandy loam, soils low in organic content and soils usually high in clay; Group D: 

soils that swell significantly when wet, heavy plastic clays, and certain saline soils.  
 

Table 2. Value of CN for average humidity conditions (ACM II group) 

Description of land use 

 

Soil group classified according to 

hydrology 

A B C D 

Land for perennial crops 62 71 78 81 

Grass 30 58 71 78 

industrial area 81 88 91 93 

Residential area 77 85 90 92 

Water surface 100 100 100 100 

                                                                                                                              Source: [9] 
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Table 2 was used to look up CN for group AMC II (CNII), for the other groups, CN was calculated 

according to CNII: 

 𝐶𝑁(𝐼) =
4,22𝐶𝑁(𝐼𝐼)

10−0,0568𝐶𝑁(𝐼𝐼)
     (8) 

 𝐶𝑁(𝐼𝐼𝐼) =
23𝐶𝑁(𝐼𝐼)

10+0,13𝐶𝑁(𝐼𝐼)
  (9) 

 

In this study, CNII values were calculated on the basis of soil type and land use of the study area. The 

software used in determining CN is HEC-GeoHMS, which was the software developed by The US 

Hydrological Engineering Center (HEC) and it was built and processed information layers on topography, 

land use, and soil to provide input data for hydrological calculations. 

CN value to match with soil moisture was calculated based on CNII and a total of 5-day antecedent rainfall. 

After that, the value of S was calculated according to formula (7), then the replenished water was calculated 

by the sum of the initial abstraction and continuing abstraction according to formulas (5) and (6).  

2.2 Results 

Results of determining the amount of rainfall replenishing groundwater in 2013 

This study mainly considered the variation in rainfall over future time points such as: from 2016 to 2035; 

2046 - 2065 and 2080 - 2099 according to the latest updated 2016 climate change and sea level rise 

scenarios. From this, it was possible to forecast the influence of rainfall changes on the permeability or 

recharge amount of rainwater for groundwater. 

Based on the results of land classification by use purpose from the MicroStation map transferred to ArcGis 

through Mapinfo, there were 14 types of land in the La Nga river basin in which perennial trees and forest 

land occupied the largest area. 

 

Figure 2: Current land use map in 2013 

 

(*) CLN: Land for perennial crops, CQP: Defense Land, CSD: Unused land, CTS: Land for offices, non-

business works, DRA: Land for landfill, garbage, LUA: Land for rice cultivation, NKH: Another 

agricultural land, NTD: Land of the cemetery, cemetery, PNK: Other non-agricultural lands, RPH: 

Protection forest land, RSX: Production forest land, S: Water surface, SKK: Industrial zone land, SKS: 

Mining land 
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Figure 3. Data layers in ArcGis 

 

The results of running the model showed that the average CNII value in the La Nga river basin according 

to the scenario was 62.3. 

Based on land use data from image classification using ArcGis and MapInfo and soil data, the results of 

determining the value of CN were illustrated on the map in Figure 4. 

 
Figure 4. Grid map of CN in 2013 

 

From the statistics of actual rainfall measured at Bao Loc station, the rainfall could be deduced 5 days ago 

for each day, thereby determining the antecedent moisture conditions group (AMC) for each day. There are 

3 groups of AMC according to the season of the growing crops. However, crops always grow all year round, 
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so it will correspond to 3 CN values: CNI, CNII, and CNIII. The CNII value determined through the results 

of running the HEC-GeoHMS model is 62.3, while the CNI and CNIII values were calculated according to 

formulas (8) and (9); In 2013, CNI and CNIII were 40.5 and 79.2 respectively.  
Another factor that greatly affected the amount of rainwater replenishing the groundwater was the basin's water 

holding capacity (S), which was calculated by the formula (7). The S value for CNI, CNII, and CNIII was 372.6; 

153.4, and 66.7. 

The amount of rainwater replenishment for underground water F was calculated according to formula (6). 

Initial penetration depth (Ia)  had 3 values corresponding to 3 values of CNI, CNII, and CNIII respectively 

74.5; 30.7, and 13.3. 

If: 

 The amount of infiltration is greater than the amount of rain, the amount of infiltration is equal to the 

amount of rain 

 Rainfall is 0 then permeation is 0 

 The calculated infiltration is less than 0, the infiltration is equal to 0 

 
Table 3. Percentage of infiltration by month in 2013 

 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Amount of rain 

(mm) 
15.2 35.0 248.1 160.5 253.4 440.5 447.0 346.6 463.2 497.2 136.5 38.4 

Permeability 

amount (mm) 
0.0 28.4 184.4 97.8 185.1 366.1 383.0 210.0 373.4 393.0 92.6 10.7 

The ratio of 

permeation to 

precipitation 

(%) 

0.0 81.2 74.3 60.9 73.0 83.1 85.7 60.6 80.6 79.0 67.9 27.8 

 

Rainfall in 2013 was 3081.6 mm, infiltration was 2324.4 mm and infiltration rate was 75.4%. Rainfall and 

infiltration are highest in June, July, September, and October with an infiltration rate of over 79%. That 

proved that in these months, the amount of rainwater recharge would be higher than in other months. 

Forecasting the impact of climate change on the permeability and recharge of groundwater under the RCP 

4.5 scenario. 

According to the RCP 4.5 data in the latest updated  2016 climate change and sea level rise scenario, Lam 

Dong province was greatly affected by climate change factors, including rainfall. 
 

Table 4. Change (%) of rainfall at 3 stages according to the RCP 4.5 in Lam Dong 

 

Stage 
2016-2035 2046-2065 2080-2099 

Month 

12-02 3.1 (-1.6 - 8.2) -1.1 (-12.8 - 10.3) 6.1 (-4.2 - 15.4) 

03-05 3.8 (-0.2 - 7.7) 4.6 (-1.3 - 10.7) 4.1 (-2.0 - 10.5) 

06-08 0.0 (-6.2 - 6.3) 10.4 (1.8 - 20.0) 3.0 (-7.7 - 12.8) 

09-11 32.5 (-4.6 - 69.7) 35.1 (-0.7 - 67.3) 54.4 (-9.1 - 112.3) 

 

It is assumed that the current land use and soil conditions do not change. The rainfall change affects the 

permeability and the amount of rainwater recharge for the groundwater in Lam Dong province in general 

and the La Nga river basin in particular in three periods according to the RCP 4.5 scenario as follows: 
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Period 2016 – 2035 

 
Table 5. Monthly permeability amount in the period 2016 - 2035 according to RCP 4.5 

Month 

Amount of 

rain 

(mm) 

Permeability 

amount (mm) 

The ratio of 

permeation to 

precipitation 

(%) 

Month 

Amount of 

rain 

(mm) 

Permeability 

amount 

(mm) 

The ratio of 

permeation to 

precipitation 

(%) 

Jan 15.7 0.0 0.0 Jul 447.0 383.0 85.7 

Feb 36.1 29.7 82.4 Aug 346.6 210.0 60.6 

Mar 257.5 192.7 74.8 Sep 613.7 473.2 77.1 

Apr 166.6 104.0 62.4 Oct 658.8 460.2 69.9 

May 263.0 191.6 72.8 Nov 180.9 132.7 73.4 

Jun 440.5 366.1 83.1 Dec 39.6 11.9 30.0 

 

The biggest rainfall is in May, June, July, August, September, and October and the ratio of permeation to 

precipitation is quite high (69 - 83%). The total rainfall is 3466 mm, the permeability is 2555.2 mm and the 

ratio of permeation to precipitation is 73.7. Compared to 2013,  in the years 2016 – 2035, the rainfall and 

permeability amount increased, but the rate of rainwater infiltration to replenish groundwater resources 

decreased by 1.7% (from 75.4 to 73.7%). 
 

Table 6. Comparison of the forecasted ratio of permeation to precipitation in the period 2016 - 2035 with 2013 

 2013 2016 - 2035 

Amount of rain 

(mm) 
3081.6 3466 

permeability amount (mm) 2324.4 2555.2 

The ratio of permeation to precipitation (%) 75.4 73.7 

The reduction in permeability rate compared to 2013 

(%) 
1.7 

 

Period 2046 – 2065 

 
Table 7. Monthly permeability amount in the period 2046 - 2065 according to RCP 4.5 

Month 

Amount of 

rain 

(mm) 

Permeability 

amount (mm) 

The ratio of 

permeation 

to 

precipitation 

(%) 

Month 

Amount of 

rain 

(mm) 

Permeability 

amount (mm) 

The ratio of 

permeation to 

precipitation 

(%) 

Jan 15.0 0.0 0.0 Jul 493.5 419.1 84.9 

Feb 34.6 28.0 80.8 Aug 382.6 237.5 62.1 

Mar 259.5 194.5 74.9 Sep 625.8 480.6 76.8 

Apr 167.9 105.3 62.7 Oct 671.7 466.1 69.4 

May 265.1 192.9 72.8 Nov 184.4 135.9 73.7 

Jun 486.3 404.3 83.1 Dec 38.0 10.4 27.3 
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The largest rainfall is in March, May, June, July, August, September, and October with a high ratio of 

permeation to precipitation (62.1 - 84.9%). The total rainfall is 3624.4 m,and  the permeability is 2674.5 

mm with a ratio of permeation to precipitation of 73.8%. 

Compared to 2013, in the years 2046 – 2065, rainfall and infiltration increased, but the rate of rainwater 

infiltration to replenish groundwater resources decreased by 1.6% (from 75.4 to 73.8%). 
  

Table 8. Comparison of the forecasted ratio of permeation to precipitation in the period 2016 - 2035 with 2013 

 2013 2046 - 2065 

Amount of rain 

(mm) 
3081.6 3624.4 

Permeability amount (mm) 
2324.4 2674.5 

The ratio of permeation to precipitation (%) 
75.4 73.8 

The reduction in permeability rate compared to  

2013(%) 
1.6 

 

Period 2080 - 2099 

The forecasted rainfall under the RCP 4.5 scenario in this period is the highest increase compared to the 

previous periods. Rainfall in winter (September - November) will increase the most with an increase of 

about 54.4% compared to the years in the period 2013. In the future, there will be an amount of rainwater 

that permeates and replenishes groundwater. 

 
Table 9. Monthly permeability amount in the period 2080 - 2099 according to RCP 4.5 

Month 

Amount of 

rain 

(mm) 

Permeability 

amount (mm) 

The ratio of 

permeation to 

precipitation 

(%) 

Month 

Amount 

of rain 

(mm) 

Permeability 

amount (mm) 

The ratio of 

permeation to 

precipitation 

(%) 

Jan 16.1 0.0 0.0 Jul 460.4 386.4 83.9 

Feb 37.         31.0 83.5 Aug 357.0 223.6 62.6 

Mar 258.3 193.4 74.9 Sep 715.2 532.8 74.5 

Apr 167.1 104.5 62.5 Oct 767.7 507.5 66.1 

May 263.8 192.1 72.8 Nov 210.8 153.8 75.3 

Jun 453.7 380.4 83.8 Dec 40.7 13.2 32.5 

 

Total rainfall and infiltration during this period are 3747.9 mm and 2723.5 mm, respectively. The average 

infiltration rate in this period is 72.7%, down 2.7% compared to 2013. 

 
Table 10. Comparison of  the forecasted ratio of permeation to precipitation in the period 2080 - 2099  with 2013 

 2013 2080 - 2099 

Amount of rain(mm) 3081.6 3747.9 

Permeability amount (mm) 2324.4 2723.5 

The ratio of permeation to precipitation (%) 75.4 72.7 

The reduction in permeability rate compared to 2013 

(%) 
2.7 
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In short, according to the forecast of the RCP 4.5 scenario, the rainfall will increase in the future years, 

leading to an increase in the amount of permeability for groundwater in the La Nga river basin while the 

ratio of permeation to precipitation will decrease. Thereby, it can be predicted that in addition to the rainfall 

factor affecting the permeability of groundwater, there may also be other factors of climate change affecting 

it such as temperature increase and evaporation, change in intensity, solar radiation...and human impact 

(land use conversion) 

3. CONCLUSIONS 

According to the forecast of the RCP 4.5, rainfall amount will increase from 3466.0mm in periods 2016 – 

2035 to 3747.9mm in periods 2090 – 2190 and groundwater recharge will increase from 2555.2 mm in 

periods 2016 – 2035 to 2723.5 mm in periods 2090 – 2190. However, at the same time, the permeability 

rate decreases. In 2013. the permeability is 75.4% and the forecast of that in 3 periods 2016 - 2035; 2046 - 

2065; 2080 - 2099 is 73.7; 73.8; 72.7, respectively with a reduction in permeability rate compared to 2013: 

1.7; 1.6; 2.7. The decline in groundwater replenishment rate in different periods has shown that groundwater 

is also very sensitive to influencing factors, including climate change (rainfall change). 
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Abstract. Scarcity of water resources is one of the problems of worldwide concern, with Viet Nam 

currently being classified as a country without water. The province of Lam Dong alone, influenced by 

climate change, has caused a prolonged drought which has caused a severe decrease in water supply in the 

springs and rivers and so on. Exacerbated regional water shortages, resulting in many areas lacking water 

for use.Based on the local socio-economic development planning, the current situation of water use demand 

of different subjects, as well as the future trend of increasing water use demand in Vietnam, and based on 

a result of the investigation of the water availability of the river basins here, this study used the Smakhtin 

method in calculating and classifying the water stress index (WSI), to assess the scarcity of resources 

surface water resources of Lam Dong province according to socio-economic development planning 

scenarios in the context of climate change. The study shows that total water demand for all sectors by 2030 

will increase by about 11%. Water shortages frequently occur in the dry season of the province in January, 

February, March, April and December, at the same time, Don Duong and Cat Tien are two districts that 

will experience moderate water pressure in the period of 2020 and 2030 under the impact of climate change 

and the uneven distribution of water resources in the region.  
 

Keywords. Water Resources, Surface Water Resources, Water Stress Index, WSI, Lam Dong. 

1. INTRODUCTION 

Water is an important, indispensable factor in sustaining all human activity and life on earth. Water resource 

scarcity is one of the most sought worldwide. Population growth, increasing urbanization rates and industry 

development are significant reasons which increase greenhouse gas emissions and cause climate change, 

resulting in global warming. Those reasons lead to rainfall and temperature changes that deplete water 

resources, leading to water resource conflict. According to the United Nations, more than 40% of the world's 

population is currently experiencing severe water shortages; over 2,6 million people worldwide are not 

exposed to basic sanitation, and nearly a billion people do not have access to clean water [1]. Every 20 

seconds, one child dies from a water shortage, more than 90% of the population of South West Asia is 

severely dehydrated, and most of the population in arid and semi-arid Africa has no access to water 

resources [2]. A recent study by the International Institute for Water Management (IWMI) estimates that 

nearly 1,4 billion people live in areas where severe water will be scarce [3]. A study by Simon N. Gosling 

and Nigel W. Arnell found that under the effects of climate change, water scarcity is increasing rapidly in 

many regions of the world, with an estimated number of current 1,6 – 2,4 billion people facing water 

scarcity, and 3,1 billion in 2050 [4]. Miina Porkka et al. found that more than 80% of central Asia regions 

had faced water stress, and about 50% of Asia regions suffered from water shortages [5].  

According to an estimate by the International Water Resources Association (IWRA), Viet Nam now 

belongs to a country with a water shortage, with a yearly water average of 3.840 m3, lower than the 

minimum target of 4.000 m3 per person per year [6]. A recent survey by the Institute of Medicine for Labour 

and Sanitation revealed that up to 20% of Viet Nam's population had no access to clean drinking water. In 

Lam Dong province, in particular, the prolonged drought dramatically reduces the water supply of the river 
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and streams and people in many parts of the province lack water to use. Statistics show that in many 

localities such as Di Linh, Bao Lam, Da Teh, Cat Tien, Da Huoai, and Bao Loc city have thousands of 

households that lack access to running water [7]. The Department of Agriculture and Rural Development 

of Lam Dong Province has forecast that local production would be affected with prolonged dry season 

conditions. Besides, 12.000 ha of crops, and more than 4.000 households suffered from water shortages. 

Lam Dong province's surface water resources are dwindling due to climate change and heavy pollution 

from domestic waste and manufacturing [9]. Moreover, there is also a shortage of irrigation water in Bao 

Loc city, Dam Rong district, Lac Duong district, etc. [8]. A survey by the Lam Dong Department of Natural 

Resources and Environment showed a current clean water supply capacity in Da Lat at 80% of demand, but 

only 33,81% in Bao Loc city, 18,53% in Duc Trong and 12,18% in Lam Ha. 

Understanding the importance of water resources, water scarcity in Vietnam in general, and Lam Dong 

province in this study, An assessment of the scarcity of surface water resources for Lam Dong Delta Water 

Pressure Index (WSI) in development planning scenarios up to 2030 in order to provide concrete 

information on lam Dong province's current level of water resources scarcity and its future water needs. 

Various studies have applied WSI readings to assess national water scarcity and predict the water needs of 

various sectors, including industry, agriculture, etc. Some of the methods for water stress are often used as 

the Falkenmark method, Smakhtin method, Pfiter method,... in this paper it will assess water scarcity by 

means of a Smakhtin approach, since in this way water stress indicator takes into account environmental 

requirements, many basins would have a higher level of water stress, so that assessments of the area's water 

resources would be more accurate.  

At the same time, the paper's results can be used as a reference to develop effective management approaches 

for socio-economic development plans as well as the rational use of water resources in Lam Dong province.  

2. RESEARCH METHODS 

2.1 Research area 

Lam Dong is a mountainous province in the South Central Highlands with a natural area of 9.772,19 km2, 

with an average altitude of 800 – 1.000 m above sea level [10]. The terrain is relatively complex, mainly 

plateaus, high mountains and small flat valleys, creating different natural elements in terms of climate, soil, 

flora and fauna. 

Lam Dong province has 12 district-level administrative units, including 2 cities (Da Lat, Bao Loc) directly 

under the province and 10 districts (Bao Lam, Cat Tien, Di Linh, Da Huoai, Da Teh, Dam Rong, Don 

Duong, Duc Trong, Lac Duong, Lam Ha) with 142 commune-level administrative units, including 111 

communes, 18 wards and 13 townships [11]. 

Lam Dong is located on 3 plateaus and is the watershed area of 7 major river systems; located in the southern 

key economic region, has a high economic growth rate and is a market with great potential. The whole 

province can be divided into 3 regions with 5 strengths: Development of long-term industrial crops, forestry, 

minerals, tourism - services and livestock breeding. 
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Figure 2: Administrative map of Lam Dong province 

2.2 Research Methods 

The content of the research and the method of assessing the scarcity of surface water resources in Lam 

Dong province is simulated through the diagram in Figure 2. The study is carried out by determining the 

surface water resources of Lam Dong province. Through data from reports and projects on the investigation 

and assessment of surface water resources in Lam Dong province, calculate the water use demand in 2020 

and forecast to 2030 of sectors in Lam Dong province. Finally, The study estimates the scarcity of surface 

water resources in river basins in Lam Dong province according to Smakhtin's calculation and classification 

combined with GIS-RS mapping method. 
 

 
 

Figure 3: Research Diagram 
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2.2.1 Methods of inheritance, statistics, analysis: 

The study shall selectively use the results from the reports, survey projects, land and water resources 

assessment in Lam Dong province, and river distribution maps of the province to evaluate the available 

surface water resources in Lam Dong province. Using the literature issued by the State agencies (ministries 

of standards, water supply criteria), the study calculates the total quantity of water used in 2020 and the 

demand for water use in the 2030s for all sectors (living, industry, agriculture, tourist trade and services) in 

the province of Lam Dong. Besides, the study also uses socio-economic statistics from statistical annuities, 

and the scenarios for socio-economic development planning to synthesize and assess the current status and 

orientation of population development as well as the agricultural, industrial, tourist trade and service 

sectors. 

2.2.2 ArcGIS Map Method 

From the calculation results, the study used GIS–RS software to build map layers for each district and city 

in Lam Dong province, the river system and the main river basins of the province, representing the level 

water scarcity of districts/cities in Lam Dong province. 

2.2.3 Water scarcity assessment method 

The water stress index (WSI) is generally defined as the relationship between total water use and water 

availability. The closer the water use is to the water supply, the more likely it is to stress in natural and 

human systems [12]. 

Based on a review of the feasibility of the WSI numerical calculation method and available data from 

studies, this paper will use Smakhtin's method of calculation and classification to calculate the WSI (Water 

stress index) level of water resource scarcity for Lam Dong according to development planning scenarios 

up to 2030 in climate change conditions. 

Smakhtin's water pressure indicator method is based on consideration of the available surface water source 

for extraction use but still meets the quantity of water required for maintaining the functions of freshwater 

ecosystems, presenting it in the form: 

WSI =  
𝑾𝒊𝒕𝒉𝒅𝒓𝒂𝒘𝒂𝒍𝒔

𝑴𝑨𝑹−𝑬𝑾𝑹
 

 

Where Withdrawals is the actual amount of water being exploited, MAR represents the annual water 

availability and EWR is the estimated amount of water required to maintain the respective freshwater 

ecosystem functions, ranges from 0,2 to 0,4 globally [13]. The level of water pressure based on the WSI 

index calculated by Smakhtin's method can be classified in the following table: 

 
Table 1: WSI index proposed by Smakhtin [13] 

No. WSI index Classify 

1 < 0,1 No pressure on water 

2 0,1 – 0,2 Water pressure is low 

3 0,2 – 0,4 Water pressure is moderate 

4 > 0,4 Water pressure is high 

5 > 0,8 Water pressure is very high 

3. RESULTS AND DISCUSSION 

3.1 Overview of surface water resources of Lam Dong province 

Lam Dong province has a system of rivers and streams divided into 7 main river basins, including: Krong 

No river basin and its vicinity; Da Dang river basin and its vicinity; Da Nhim river basin and its vicinity; 

Upper Dong Nai River Basin 1; Upper Dong Nai River Basin 2; La Nga river basin and its vicinity; Luy - 

Cai Phan Thiet river basin and its vicinity. In which, 3 major river systems of the province include Dong 

Nai river, Krong No river and Luy river. 
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Table 2: Average monthly and yearly flow and total water volume of main river basins of Lam Dong province [14] 

 
 

The total average water volume of all major river basins in Lam Dong province over many years is about 

658,7 m3/s, the total water volume is 12.191,2 million m3. The dry season of the province usually takes 

place from December to April next year with an average water flow of 21,52 m3/s, total water volume is 

1.983,02 million m3, accounting for 16,27%. The average water flow in the flood season is 78,73 m3/s, the 

total water volume is 10.208,23 million m3, accounting for 83,73%, it can be seen that the total surface 

runoff occurs in the main river basins of the Lam Dong province has a large difference between the rainy 

season and the dry season. 

3.2 Current status of water use in 2020 and forecast of water use demand by 2030 of sectors 

in Lam Dong province 

The current status and water use demand of all sectors in the period of 2020 and 2030 are calculated based 

on data on the current development status and development orientation of population, agriculture and 

industry in 2020 and 2030, targeting water supply for daily life, agriculture, industry, commerce, tourism 

and services, detailed results for the whole province as well as for each District/City of Lam Dong province 

are shown in the following tables: 

 
Table 3: Calculation results of current status and water use demand of sectors for the whole Lam Dong province 

in the period of 2020 and 2030 

 

Year 2020 Total 2030 Total 

Current 

status of 

water 

demand 

(Million 

m3/year) 

Living 
Popula-

tion  

City 37,54 
81,10 

41,96 
88,78 

Countryside 43,56 46,82 

Agricul-

ture 

Crop  

Winter-spring rice crop 89,34 

787,72 

80,79 

884,46 

Summer-autumn rice and 

crops 
110,99 114,37 

Yam 10,50 27,24 

Corn 38,48 10,72 

Other annual plants 523,55 578,33 

Breed  

Buffalo 0,38 0,28 

Cow 2,82 2,94 

Pig 3,32 2,21 
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Poultry 8,33 67,58 

Ind 

Wine, beer, dairy, canned food, food 

processing, paper, textile industries 
18,35 

33,85 
10,92 

30,05 

Other industry 15,50 19,13 

Trade, 

tourism 

and 

services 

Water for living 81,10 8,11 88,78 8,88 

 

Table 4: Calculation results of current status and water use demand of sectors for each District/City in the period of 

2020 and 2030 

 

No. Dist./City 

Current status of water demand (Million m3/year) 

2020 2030 

Living 

Trade, 

tourism 

and 

services 

Agriculture 

Ind Living 

Trade, 

tourism 

and 

services 

Agriculture 

Ind 
Crop Breed Crop Breed 

1 Da Lat city 16,29 1,63 48,96 0,26 2,82 17,61 1,76 54,86 1,00 2,50 

2 Bao Loc city 10,59 1,06 1,90 2,61 2,82 11,51 1,15 2,10 14,23 2,50 

3 Dam Rong 3,02 0,30 45,43 0,35 2,82 3,25 0,32 40,13 16,97 2,50 

4 Lac Duong 1,76 0,18 30,13 0,24 2,82 2,06 0,21 31,83 0,36 2,50 

5 Lam Ha 8,53 0,85 39,14 1,83 2,82 9,31 0,93 39,44 6,25 2,50 

6 Don Duong 6,44 0,64 157,65 1,14 2,82 7,07 0,71 174,80 2,18 2,50 

7 Duc Trong 11,23 1,12 173,46 2,40 2,82 12,20 1,22 193,83 7,47 2,50 

8 Di Linh 9,29 0,93 52,17 1,78 2,82 10,12 1,01 51,25 8,83 2,50 

9 Bao Lam 6,89 0,69 9,54 1,96 2,82 7,56 0,76 9,02 10,98 2,50 

10 Da Huoai 2,13 0,21 4,04 0,42 2,82 2,46 0,25 4,13 1,12 2,50 

11 Da Teh 2,69 0,27 76,18 1,28 2,82 3,06 0,31 75,26 2,17 2,50 

12 Cat Tien 2,23 0,22 134,28 0,58 2,82 2,57 0,26 134,80 1,46 2,50 

 

According to the estimates of the total water needs of the sectors, combined with Figure 3, the total amount 

of water used by Lam Dong province in both 2020 and 2030 is significantly different. The total volume of 

water in use in 2020 is about 910,78 million m3 / year, and the total estimated water volume will be in use 

by 2030 is about 1.012,17 million m3 / year, an increase of 101,39 million m3 / year (about 11%) over 2020. 

Agricultural demand for water represents the highest share, with more than 85% of total water demand 

(86,49% in 2020 and 87,38% in 2030). In the area of Lam Dong province, the dry season lasts from 

December to April, which is also the period for planting winter crops and preparation for autumn crops, so 

the demand for water will increase mainly during these months. However, like many other regions in the 

world, this locality is also affected by extreme weather events in the context of climate change, such as 

unusual and prolonged droughts that cause for local water shortages to occur more frequently. In the coming 

time, the pressure of population growth and the increasingly strong socio-economic development of the 

locality will put a great pressure on surface water sources. It can be said that it is necessary to assess the 

scarcity of surface water resources and estimate the future water needs to come up with methods to manage 

and rationally use the water resources of Lam Dong province.  
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Figure 4: Water demand of Lam Dong province in 2020 and 2030 

3.3 Assessment of the scarcity of surface water resources in Lam Dong province 

The WSI index according to the Smakhtin method is calculated based on the monthly intake of water used 

together with the monthly water availability of all major river basins and the amount of water required for 

the maintenance of ecosystem functions corresponding freshwater state (0,2 – 0,4) 

 Assessment of monthly water pressure index for Lam Dong province for all river basins in the period of 

2020 and 2030 

The calculation for Lam Dong Province's WSI index for all river basins between 2030 and 2020 is not so 

different. In the 2020 period, the WSI index for the whole province is significantly different from the dry 

and flood months. In December, January, April and May the WSI was 0,14; 0,20; 0,15; 0,12 is in the range 

of 0,1 - 0,2; Represents low water pressure. The WSI index in February and March were relatively high 

with 0,31 and 0,25, respectively, indicating that the province has moderate water pressure. In the remaining 

months, there is no water pressure, with the WSI index fluctuating between 0,03 and 0,08; Much smaller 

than 0,1. Although the WSI index is relatively high in exhausting months, in terms of overall, the province's 

WSI index for the year remains unchanged in its water pressure of 0,07. 

In the year 2030, the WSI of the whole province is valid at 0,08; In terms of classification, there is no water 

pressure in the province. In flood months, WSI values are small at 0,04 - 0,09; In May alone, the province 

experienced low water pressure, with a WSI index of 0,13. For the exhausted months, in addition to April 

and December where water pressure is low, the remaining months exert moderate pressure with WSI values 

ranging from 0,22 - 0,34. 

 Evaluation of monthly water pressure index for Lam Dong province for river basins located in key 

economic zones in the period of 2020 and 2030 
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Figure 5: The river basin is located in the key economic zone 

 

Judging by the Water Pressure Index in case only river basins within the key economic region (Da Dang 

and Da Nhim River basin) for 2020 and 2030, the WSI of the whole province is subject to moderate to low 

water pressure with values in the range 0,18 - 0,21. In 2020, with the exception of September and October, 

the province experienced no water pressure, but low to high water pressure in the remaining months. In 

January and February the province had a high water pressure, with a WSI value of 0,49; 0,80. In March 

alone, the province had an extremely high WSI index, with a value of 0,85 symbolizing very high water 

pressure. In 2030, the province will experience low water pressure in July, August and September with a 

WSI value of 0,1 - 0,16. In April, May, June, November, and December, the province had moderate water 

pressure with the WSI value between 0,22 - 0,38. Water pressure will be high in January with a WSI of 

0,54 and very high in February and March with WSI of 0,89; 0,94. The available water does not meet the 

province's water needs. 

The calculation results and classification of WSI Water pressure index according to the Smakhtin method, 

in the case of all river basins and cases where river basins are in the key economic zone for 2020 and 

planning scenarios for development up to 2030 are detailed in the table and the following:  

Boundary

System of canals

and main rivers

NOTE
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Table 5: WSI water pressure index case all river basins and river basins located in key economic zones 

 

 
 

Figure 6: Water pressure index chart in 2020 and 2030 for all river basins 

 

 
 

Figure 7: Graph of water pressure index in 2020 and 2030 for river basins located in key economic zones 

 

Method Stage Month
Dry season Flooding

Year
12 1 2 3 4 5 6 7 8 9 10 11

All major 

river 

basins

2020

Withdrawals 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 910,78

MAR 533,00 387,03 247,55 305,07 510,36 653,26 917,83 1.610,25 1.971,30 1.900,97 2.230,30 924,31 12.191,25

EWR 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2

WSI 0,14 0,20 0,31 0,25 0,15 0,12 0,08 0,05 0,04 0,04 0,03 0,08 0,07

Comment Low Low Moderate Moderate Low Low
No 

pressure

No 

pressure

No 

pressure

No 

pressure

No 

pressure

No 

pressure

No 

pressure

2030

Withdrawals 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 1.012,17

MAR 533,00 387,03 247,55 305,07 510,36 653,26 917,83 1.610,25 1.971,30 1.900,97 2.230,30 924,31 12.191,25

EWR 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2

WSI 0,16 0,22 0,34 0,28 0,17 0,13 0,09 0,05 0,04 0,04 0,04 0,09 0,08

Comment Low Moderate Moderate Moderate Low Low
No 

pressure

No 

pressure

No 

pressure

No 

pressure

No 

pressure

No 

pressure

No 

pressure

River 

basins 

located in 

key 

economic 

zones

2020

Withdrawals 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 75,90 910,78

MAR 221,50 155,62 95,21 89,99 300,67 347,12 388,28 521,75 748,08 811,56 932,08 303,52 4.915,39

EWR 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2

WSI 0,34 0,49 0,80 0,85 0,25 0,22 0,20 0,15 0,10 0,09 0,08 0,25 0,19

Comment Moderate High High Very high Moderate Moderate Low Low Low
No 

pressure

No 

pressure
Moderate Low

2030

Withdrawals 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 84,35 1.012,17

MAR 221,50 155,62 95,21 89,99 300,67 347,12 388,28 521,75 748,08 811,56 932,08 303,52 4.915,39

EWR 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2

WSI 0,38 0,54 0,89 0,94 0,28 0,24 0,22 0,16 0,11 0,10 0,09 0,28 0,21

Comment Moderate High Very high Very high Moderate Moderate Moderate Low Low Low
No 

pressure
Moderate Moderate
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 Evaluation of water pressure index in districts/cities of Lam Dong province by Pfiter and Smakhtin 

method in the period of 2020 and 2030 

When looking at each District/City, there is a big difference in the WSI index. Don Duong and Cat Tien 

districts have moderate water pressure with the WSI index of Don Duong district in the 2020 period being 

0,23 and 0,25 in the 2030 period; The WSI index of Cat Tien District in the period of 2020 and 2030 is 

0,22. Duc Trong and Da Teh districts have low water pressure with the WSI index in the 2020 period of 

0,14 respectively; 0,13; the period in 2030 has the WSI index of 0,15; 0,13. The remaining districts/cities 

do not have water pressure. The results of calculation and classification of Smakhtin in the areas of 

districts/cities in the period of 2020 and development planning scenarios to 2030 are presented in the 

following table and figure: 
Table 6: WTA index and WSI index in the area of Districts/Cities in the period of 2020 and 2030 

 
 

 
 

Figure 8: WSI water pressure index in the area of districts/city of Lam Dong province in the current state and under 

development planning scenarios to 2030 

4. CONCLUSION 

The research data is referenced from the local statistical yearbook in 2020 on the population situation, the 

current state of economic and social development. In addition, this topic also inherits the results from a 

number of projects on water resources of Lam Dong province. Forecasts on water demand in all fields are 

also based on this local development plan, so the forecasting base has high accuracy and reliability. It can 

YEAR 2020 2030

No. Dist./City W/D MAR EWR WSI CMT W/D MAR EWR WSI CMT

1 Da Lat city 69,96 1.126,86 0,20 0,06 No pressure 77,74 1.126,86 0,20 0,07 No pressure

2 Bao Loc city 18,98 1.530,85 0,20 0,01 No pressure 31,50 1.530,85 0,20 0,02 No pressure

3 Dam Rong 51,92 816,89 0,20 0,06 No pressure 63,18 816,89 0,20 0,08 No pressure

4 Lac Duong 35,13 1.562,85 0,20 0,02 No pressure 36,96 1.562,85 0,20 0,02 No pressure

5 Lam Ha 53,17 660,13 0,20 0,08 No pressure 58,44 660,13 0,20 0,09 No pressure

6 Don Duong 168,69 745,96 0,20 0,23 Moderate 187,26 745,96 0,20 0,25 Moderate

7 Duc Trong 191,03 1.406,09 0,20 0,14 Low 217,22 1.406,09 0,20 0,15 Low

8 Di Linh 66,99 1.162,15 0,20 0,06 No pressure 73,71 1.162,15 0,20 0,06 No pressure

9 Bao Lam 21,91 1.162,15 0,20 0,02 No pressure 30,82 1.162,15 0,20 0,03 No pressure

10 Da Huoai 9,62 647,93 0,20 0,01 No pressure 10,45 647,93 0,20 0,02 No pressure

11 Da Teh 83,24 647,93 0,20 0,13 Low 83,30 647,93 0,20 0,13 Low

12 Cat Tien 140,13 647,93 0,20 0,22 Moderate 141,59 647,93 0,20 0,22 Moderate
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be said that the calculation results for the province's water use demand in 2020 and forecast data for 2030 

are consistent with the actual demand that is and will be exploited. From the results of the study and 

calculation of the WSI Country pressure index for Lam Dong province, the following is shown: 

Total water demand for all sectors by 2030 will increase by about 11%. Water scarcity frequently occurs in 

the dry season of the province, together with climate change, during dry season months (1, 2, 3, 4, 12) the 

province may experience moderate to low water pressure. 

In the flood months, with no water pressure in the province, the total amount of freshwater resources is 

available to meet the living and usage needs of the economic sectors. There is little difference between the 

two stages between 2020 and 2030. 

When considering each District/City, water pressure for each area occurs mainly due to uneven distribution 

of water resources. Therefore, it is necessary to develop policies and plans to manage and allocate water 

resources in a reasonable and effective manner, thereby applying them well to socio-economic development 

according to the proposed orientation. At the same time, the results of this study can be used as a reference 

in the planning of exploitation and use of water resources of Lam Dong province. 
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Abstract. Da Nhim river basin has a basin area of 2,161 km2, the mainstream is Da Nhim river, the river 

originates from the north of Gia Rich mountain (1,923m), Lac Duong district, Lam Dong province, near 

the border with the two provinces of Khanh Hoa and Ninh Thuan. The article introduces the results of 

applying the MIKE BASIN model to calculate the water balance for the Da Nhim river basin according to 

the current status of water use of different objects and according to the socio-economic development plan 

up to 2030 on the research area. This study provides a number of scientific bases for the planning and 

exploitation of water resources in a rational way between supply and demand. The results show that in the 

dry season (December, January, February, March) in the Da Nhim river basin, there is often a water 

shortage, the amount of water shortage is approximately 28.22 million m3 at the time of 2019 and is 

estimated to be about 49.68 million m3 by 2030. 

 

Keywords. Da Nhim river basin, MIKE BASIN, water balance, LamDong. 

1. INTRODUCTION 

Water is an extremely important natural resource accounting for 70.8% of the Earth's surface area. 

However, water is not an inexhaustible resource, water is renewable, but it can also be depleted when human 

demand for water increases rapidly. On the other hand, water resources are distributed unevenly in space 

and time. Depending on the speed of human exploitation and the ability of the environment to regenerate, 

the conflict of these two objects occurs at any level: high, low or stable. 

The determination and forecast of water use demand in river basins in combination with the flow rate and 

climate change situation of the area for the purpose of providing results of calculation of water needs to 

serve the future water resource development planning plan. Among the tools to help manage water 

effectively is Mike Basin. Mike Basin is a tool that calculates the balance between water demand and 

available water in the most optimal way [1]. In the world, there have been many topics using the Mike 

Basin model to support the selection of scenarios for the development, exploitation and protection of water 

resources in the future, which can be mentioned as follows: In 2018, K. Satish Kumar and collaborators 

used the Mıke Nam11 (RR) and Mıke Basın models to analyze the water availability of the Shipra basin 

under changing hydrological conditions. The simulation results show that the water availability in the 

Shipra Basin has been improved, with a minimum available discharge of 1.7 m3/s even during periods of 

low discharge [2]; In Thailand, Manoj K. Jha et al. applied the Mıke Basın model to water management 

strategies in the Mun River basin located in northeastern Thailand from 1965 to 1997. The analysis shows 

that the water volume available in the wet season is six times the amount available in the dry season. 

Reliability calculations based on irrigation and water supply systems in the basin indicate that the existing 

demand level is reasonably available in the wet season, but the availability in the dry season is limited. This 

data has served as a scientific basis for decision-makers to make policy decisions regarding the optimal 

allocation of water resources [3]; Jana Kaiglová, Jakub Langhammer presented experimental results with 

the applicability of the Mıke Basın model to simulate the effectiveness of water pollution reduction 
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scenarios in the Olšava river basin. The study demonstrated that the model can be successfully calibrated, 

pollution reduction scenarios based on the implementation and enhancement of urban wastewater treatment 

and conversion of arable land in at-risk fields. soil erosion to permanent grasslands. Applying simulation 

results of these scenarios with the proposed measures shows that pollution concentrations in downstream 

monitoring stations are decreasing. However, there are uncertainties that may delay or limit the effect of 

the measures adopted in small rural basins [4]; or in Vietnam, Dao Dinh Cham et al (2020) have applied 

the Mıke Basın model to calculate the water balance for the Central Highlands territory. The results show 

that the water shortage in the Central Highlands region mainly falls in the dry season months and the 

following years are more deficient than the previous year, this problem is becoming more and more serious, 

at most. are the months of February, March and April and there is a prolonged period of water shortage, 

especially in December. Although the surface water source of the whole basin may be very large, it is 

unevenly distributed, so it leading to water shortage and waste. Therefore, it is necessary to promote the 

network of management, allocation and rational use of water resources as well as solutions for storing and 

transferring water reasonably and effectively for the entire study area [5]; Nguyen Kim Ngoc Anh and Tran 

Ngoc Anh (2016) used the Mıke Basın model to calculate the water balance in the Lam River basin, the 

results of testing the Mıke Basın model for 2011 at Dua and Yen Thuong stations reached 98%, at Hoa 

Duyet station achieved 95% of Nash target. From that, the water balance calculation for 2011 and the 

planning plan to 2020 shows that the water shortage is concentrated in the dry season months [6]. Hoang 

Thanh Son et al. (2012) calculated the water balance in the Cai Phan Rang river basin using the Mike Basin 

model. Research shows that the water supply capacity of this river basin is increasingly limited, the space 

of the water shortage area expands, especially the water shortage in December, which has caused great 

difficulties in regulating the reservoirs. especially in the context of climate change. With the water demand 

planned by Ninh Thuan province until 2020, it shows that Ninh Thuan arid region will face the risk of 

serious water shortage for the needs of socio-economic development [7] ;... In general, the Mıke Basın 

model has simulated the water balance for the study areas, thereby providing some scientific basis to help 

planners refer to and offer management solutions. as well as to properly protect water resources. 

Therefore, to be able to calculate the balance between water demand and available water, the research team 

has continued to apply the Mıke Basın model in the Da Nhim river basin, Lam Dong province. 

2  METHOD 

2.1 Study Area 

Da Nhim river basin has a basin area of 2,161 km2.  The mainstream is Da Nhim river which originates 

from the north of Gia Rich mountain (1,923 m), Lac Duong district, Lam Dong province, near the border 

with the two provinces of Khanh Hoa and Ninh Thuan. This river flows through the districts of Da Lat, 

Don Duong, Duc Trong and empties into the Da Dang river, located near Pongour waterfall, the length of 

the main river up to the position of its confluence with the Da Dang river is about 130 km. Including the 

main Da Nhim river and 2 tributaries: Da Tam stream and Da Quyeon river. Characteristics of flow 

distribution in the year (according to months, flood season, dry season): the flow regime in the Da Nhim 

river basin and its vicinity is divided into 2 seasons: flood season and dry season. The flood season lasts 

from June to November, the dry season lasts from December to July next year. The total average annual 

surface runoff in the entire Da Nhim basin and its vicinity is 1,992.5 million m3, accounting for 18.3% of 

the total surface runoff in Lam Dong province. The total amount of water in the flood season is 1,118.2 

million m3, accounting for 56.1% of the total average water volume of many years, in the dry season is 

874.3, accounting for 43.9% of the total average water volume of many years. (Department of Natural 

Resources and Environment of Lam Dong province 2016) [8]. 
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Figure 1. Da Nhim basin area in the entire territory of Lam Dong province 

2.2 Research methods 

2.2.1 Methods of inheritance, statistics, analysis 

The topic uses background data on natural and hydro-meteorological conditions, has integrated the socio-

economic development planning of the region, and uses the 2016 climate change update scenarios for the 

study area to assess Evaluate changes in flow and calculate current and future water demand. 

Legal basis for calculating water demand 

Water demand is calculated based on socio-economic statistics from the Statistical Yearbook 2019 of Lam 

Dong Statistical Office and calculated according to water use standards for objects as follows: 

- Standards and norms of municipal water are calculated according to technical regulations: TCXDVN 

33:2006 Water supply- Distribution System and Facilities Design Standard, Ministry of Construction, 

VietNam. 

- Standards and norms of water for livestock are calculated according to technical regulations: TCVN 

4454:2012 - Planning of rural - Design standard (Ministry of Construction, VietNam)- Design standards 

and standards for water use for livestock including the amount of drinking water and barn cleaning. 

 Standards and norms of water for aquatic products are calculated according to technical 

regulations 

- Freshwater fish farming 

- Freshwater requirements for annual fish farming (FWF) 

FWF = 1.90 m3/year 

- Fresh water claim due to loss (FWL) 

FWL = 1.50 m3/year (including 1mm/day due to osmosis) 

- Summary of fresh water requirements for annual fish farming (FWYI) 

FWYI = FWF + FWL = 3.40 m3/year 

- Aquaculture freshwater demand (AWD) for both shrimp and freshwater fish farming is calculated 

as follows: 

AWD = FWYI x 10,000AI 

    In which:  AWD: Water demand for aquaculture (m3/year) 

FWYI: Fresh water required for fish farming (m3/year) 

AI: Area of the freshwater fish pond (ha) 
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- Standards and norms of water for services and commerce are calculated according to technical regulations: 

TCXDVN 33:2006 (Water supply - Distribution system and Facilities -Design standard, Ministry of 

Construction, Viet Nam) and standard works for designing water demand for commercial and service areas 

services and tourism. 

- Standards and norms for industrial water are calculated according to technical regulations: For industrial 

parks and industrial clusters without detailed planning, use TCXD 33: 2006 to calculate the amount of water 

used in the industry. TCXD 33:2006 proposes water supply standards for the industrial zone as follows: 

Industry of alcohol production, canned milk, food processing, paper, textile: 45m3/ha.day; other industries: 

22 m3/ha/day. 

2.2.3 CROPWAT 8.0 software 

CROPWAT software is a program to calculate irrigation for crops that has been widely applied around the 

world, recognized by the Food and Agriculture Organization (FAO) of the United Nations. FAO's method 

is based on ETo to calculate water requirements for different crops. In this study, standards and norms of 

water for cultivation: Application of CROPWAT 8.0 software to calculate the irrigation level for crops for 

a number of crops such as corn, beans, vegetables, flowers, winter-spring rice, pepper… 

2.2.4 ArcGIS Map Method  

The mapping method is used based on GIS techniques to build a number of administrative data layers, river 

layers, river basin division, etc. to serve the analysis and processing of data. information about phenomena 

and objects to be observed or analyzed in each territorial unit on the map 

2.2.5 MIKE BASIN model 

MIKE model set is a specialized engineering software built and developed by DHI (Danish Hydraulic 

Institute) over the past 20 years, applied for the following purposes: flow simulation, quality water and 

sediment transport in estuaries, basin water balance, irrigation systems, canals and other water conduction 

systems. In the MIKE software suite, there are many sub-softwares with different functions and tasks such 

as MIKE 11, MIKE 21, MIKE GIS, MIKE BASIN, MIKE SHE... among them, MIKE BASIN model is 

software. stand-alone in the MIKE software suite. The outstanding advantage of this model in addition to 

solving the problem of water balance, it can also connect and use the rain-flow MIKE NAM model as an 

integrated module in the model [9](DHI 2013). The diagram describing the structure of the MIKE BASIN 

model is shown in Figure 2: 

 

Figure 2. MIKE BASIN model structure diagram [9]. 
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Applying the Mike NAM model to simulate the flow for the sub-regions located in the basin. The result of 

the Mike NAM model will be the input data to perform the simulation for the Mike Basin model. 

Applying the Mike Basin model to simulate water resource coordination scenarios, socio-economic 

development scenarios, climate change scenarios, and water balance calculations according to reservoir and 

hydropower operation options as the basis for water resource assessment for the study area. 

3 RESULTS AND DISCUSSION 

3.1 Calculating water demand 

 Hydrometeorological data 

• Meteorological data: 

- Daily rainfall data: using daily rainfall data of 3 stations: Da Lat, Lien Khuong, Thanh Binh from 1984 to 

2019. 

- Data of daily evaporation at 3 stations: Da Lat, Lien Khuong, Bao Loc from 1984 to 2019. 

• Hydrological data 

Actual flow measured from 1984 to 2019 at Thanh Binh station. 

 Data on calculating water demand 

Based on the legal bases: TCXDVN 33:2006- Water supply- Distribution System and Facilities Design 

Standard (Ministry of Construction, VietNam), TCVN 4454:2012 - Planning of rural - Design standard 

(Ministry of Construction, Vietnam) and results of application software CROPWAT 8.0; as well as 

combining the above bases with local documents and statistics, the water demand in the Da Nhim river 

basin in 2019 and 2030 is presented in Tables 1 and 2 respectively: 

 
Table 1. Water demand by water users – 2019 (Unit:106m3) 

Water 

demand 
Jan Feb Mar Apr 

 

May Jun Jul Aug Sep Oct  Nov Dec 

Total 

study 

area 

Municipal 

water 
0.66 0.60 0.66 0.64 

 
0.66 0.64 0.66 0.66 0.64 0.66 0.64 0.66 7.8 

Crops  84.07 79.00 39.35 29.18  - - - - - 0.93 25.91 55.24 313.68 

Animals 0.223 0.202 0.223 0.216  0.223 0.216 0.223 0.223 0.216 0.223 0.216 0.223 2.628 

Aquaculture 0.73 0.65 0.73 0.70  0.73 0.70 0.73 0.73 0.70 0.73 0.70 0.73 8.56 

Service, 

Tourism, 

Commerce 

0.066 0.060 0.066 0.064 

 

0.066 0.064 0.066 0.066 0.064 0.066 0.064 0.066 0.781 

Industry 0.203 0.184 0.203 0.197  0.203 0.197 0.203 0.203 0.197 0.203 0.197 0.203 2.392 

Total 

month 
85.96 80.70 41.24 31.00 

 
1.89 1.82 1.89 1.89 1.82 2.82 27.73 57.13 335.89 

 
Table 2. Water demand by water users – 2030 (Unit:106m3) 

Water 

demand 
Jan  Feb Mar Apr  May  Jun  Jul Aug Sep Oct Nov Dec 

Total 

study 

area 

Municipal 

water 
0.74 0.67 0.74 0.72 0.74 0.72 0.74 0.74 0.72 0.74 0.72 0.74 8.7 

Crops 96.83 88.91 34.47 25.37 15.78 - - - - 0.64 23.30 59.95 345.25 

Animals 0.72 0.65 0.72 0.69 0.72 0.69 0.72 0.72 0.69 0.72 0.69 0.72 8.45 

Aquaculture 1.02 0.92 1.02 0.98 1.02 0.98 1.02 1.02 0.98 1.02 0.98 1.02 11.98 

Service, 

Tourism, 

Commerce 

0.074 0.067 0.074 0.072 0.074 0.072 0.074 0.074 0.072 0.074 0.072 0.074 0.873 

Industry 0.35 0.31 0.35 0.33 0.35 0.33 0.35 0.35 0.33 0.35 0.33 0.35 4.08 

Total 

month 
99.73 91.53 37.37 28.16 18.68 2.79 2.90 2.90 2.79 3.54 26.09 62.85 379.33 
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 Data on flow calculation 

Using the MIKE NAM model to calculate the inflow in the sub-regions on the Da Nhim river basin: 

According to the calculation results, the total flow volume over the years is determined as shown in Figure 

2. Thereby also determining the total average annual flow in the entire Da Nhim river basin at more than 

1,992 billion m3. Compared to the total flow volume of the entire Lam Dong province at about 11 billion 

m3, the Da Nhim river basin's flow contributes to the Lam Dong province's flow about 18.3% of the total 

volume. 

 
 

Figure 3. Total current flow over the years in Da Nhim River Basin 

Based on simulation data, it is also possible to determine the average total monthly flow over many years, 

in order to evaluate the flow regime of the Da Nhim river basin in the flood season and the dry season. With 

the total average annual flow in the flood season of the highest month is about 139.8 million m3 and the 

total average annual flow of the smallest month in the dry season is about 21 million m3. 

Table 3. Total monthly average volume for many years in Da Nhim river basin (million m3) 

Month 1 2 3 4 5 6 7 8 9 10 11 12 Total  

Da Nhim 27 21 22.3 36.6 53.5 61.1 68.1 87.9 120.4 139.8 76.2 42.2 756.1 

3.2 River basin zoning 

With the Gis tool, the team uses commands in Preprocessing to process the DEM map. Based on the natural 

features, the dissection of the topography, as well as the administrative boundaries and the basis of 

viewpoints, the principle of zoning to calculate the water balance has partitioned the Da Nhim river basin 

into 4 areas. The data area for the water balance calculation is as follows: 

 

Figure 4. Zoning map of Da Nhim river 

basin 

Table 4. Summary of sub-regions for calculation of water balance in 

Da Nhim river basin 

No 
Area 

name 

Area 

(km2) 
Town, District, Commune 

1 
Lac 

Duong 
1,001 

 Lat, Da Nhim, Da Sar, Da Chais 

(Commune) 

2 
Da 

Lat 
131.5 

Xuan Tho, Xuan Truong, Tram 

Hanh (Commune) 

3 
Don 

Duong 
509.35 

Đ’Răn town, Thanh My town, Da 

Ron, Lac Lam, Ka Đo, Quang Lap, 

Ka Don, Tu Tra (Commune) 

4 
Duc 

Trong 
519.27 

Lien Nghia town, Hiep An, Da 

Loan, Hiep Thanh, Phu Hoi, Lien 

Hiep, Ninh Gia, Ninh Loan, Ta 

Hine, Ta Nang, Tan Thanh 

(Commune) 
 

0

20

40

60

80

100
Total flow through the years of 

Da Nhim river basin
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3.3. Calculating water balance using MIKE BASIN model 

3.3.1 Calculation scenario 

In order to have a basis for assessing the status of water resources for the study area. The research team 

based on the socio-economic development scenario of the region to 2030, planning the irrigation system of 

the region to 2030, taking into account the influence of global climate change. The water balance calculation 

scenario is to consider the responsiveness of the current irrigation system. As follows: 

- KB1: calculation of water balance for current water demand (2019). 

- KB2: calculation of water balance for water demand up to 2030, taking into account the influence 

of the global climate change context 

 (The climate change scenario is calculated according to the scenario of the Ministry of Natural 

Resources and Environment in 2016, corresponding to KB RCP4.5, period (2016-2035)). 

 

 
 

Figure 5. Importing water demand data for the model 

 

3.3.2 Calculation results 

Calibration and testing of the model 

Model parameter correction is to determine the value of the best simulation parameter set of the river basin 

outlet cross-sectional flow process. When calibrating and determining model parameters, it is necessary to 

choose a time period with full of real measured data on rain and runoff, which is the main basis for the 

calibration process. 

 
 

Figure 6. Actual measured and simulated flow process curve 

in Da Nhim River basin 

Figure 7. Actual measured and simulated flow 

accumulation in Da Nhim river basin 
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For the purpose of determining a set of model parameters for flow simulation for the entire study basin, the 

NAM flow rain model is calibrated in space and time. The process of model calibration is done by the 

method of calculating the simulation error and testing many times. 

 
Table 5. Criteria for evaluating the results of calibration 

of the Da Nhim river basin  

Criteria Result Rate 

Correlation 

coefficients (R2) 
0.841 Good 

Total error (%) 33 Good 
 

 
Figure 9. Export calculation results for the basin 

The results of calculation of water balance in Da Nhim river basin according to the above scenario are 

presented below: 

Table 6. Water shortage in the study area in 2019 

 

Da Nhim 

river basin 

Water 

demand  

Water 

supply flow 

Lack of 

water flow 

Shortage 

of water 

Unit m3/s 106m3 

Month 1 85.96 85.96 0 0 

2 80.70 80.70 0 0 

3 41.24 41.24 0 0 

4 31.00 4.2 26.8 16.77 

5 1.89 1.2 0.69 11.45 

6 1.82 1.82 0 0 

7 1.89 1.89 0 0 

8 1.89 1.89 0 0 

9 1.82 1.82 0 0 

10 2.82 2.82 0 0 

11 27.73 27.73 0 0 

12 57.13 57.13 0 0 

Total 335.89 308.4 27.49 28.22 

 
Table 7. Water shortage in the study area in 2030 

 

Da Nhim river 

basin 

Water 

demand  

Water supply 

flow 

Lack of water 

flow 

Shortage of 

water 

Unit m3/s 106m3 

Month 

1 99.73 99.73 0 0 

2 91.53 91.53 0 0 

3 37.37 37.37 0 0 

4 28.16 5.3 22.86 21.12 

5 18.68 1.8 16.88 28.56 

6 2.79 2.79 0 0 

7 2.9 2.9 0 0 

8 2.9 2.9 0 0 
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9 2.79 2.79 0 0 

10 3.54 3.54 0 0 

11 26.09 26.09 0 0 

12 62.85 62.85 0 0 

Total 379.33 339.59 39.74 49.68 

 
Table 8. Total shortage of water by each water user in 2019, 2030 

 

2019 2030 

Water 

demand 
agriculture 

Other 

objects 
Total 

Water 

demand 
agriculture 

Other 

objects 
Total 

Unit  m3/s  Unit  m3/s  

 

 

 

 

 

 

Month  

1 0 0   

 

 

 

 

 

Month  

1 0 0  

2 0 0  2 0 0  

3 0 0  3 0 0  

4 19.22 7.58  4 14.04 8.82  

5 0.4 0.29  5 10.46 6.42  

6 0 0  6 0 0  

7 0 0  7 0 0  

8 0 0  8 0 0  

9 0 0  9 0 0  

10 0 0  10 0 0  

11 0 0  11 0 0  

12 0 0  12 0 0  

Total 19.62 7.87 27.49 Total 24.5 15.24 39.74 

 

The results of calculating the water balance correlation in the Da Nhim river basin are shown in the tables 

(table 6 - 8) showing that: This basin often suffers from a water shortage in the dry season with a total 

shortage of water. approximately 28.22 million m3 (2019) and the future (2030) is about 49.68 million m3. 

Although the amount of inflow to the study area is quite large, however, most of the inflow is concentrated 

in the rainy season months. The flow to the whole year is quite large compared to the total demand, but in 

the dry season, water shortage still occurs and the shortage of water is concentrated in December, January, 

February, March, especially in April and May, when the demand for water for agriculture increases. Water 

shortage occurs mainly in districts: Don Duong, Duc Trong, City. Da Lat, with the total shortage of water 

as follows: 

 
Table 9. Total water shortage in districts/cities on Da Nhim river basin 

 

Districts/cities Water shortage (Million m3/year) 
2019 2030 

Da Lat 6.42 13.11 
Don Duong 12.78 19.14 
Duc Trong 9.02 17.43 

 

The research results show the reality of this locality because this time is also the time with the smallest 

water source, with very little water flow. Thus, it can be clearly seen that the distribution of water sources 

in the Da Nhim river basin in Lam Dong province is uneven over time, making the amount of water in the 

river not enough to meet different water needs, and water shortage tends to be more and more serious. Each 

year the amount of water shortage increases as well as the time of water shortage becomes longer and 

longer, which will cause difficulties in regulating the reservoir, adversely affecting the flow in the dry 

season, and the potential of water resources decreases, this also will make the water shortage in the basin 

more and more serious. This shows that the construction of irrigation works to regulate water sources is 
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very important in regulating water sources and ensuring the balance between supply and demand of the 

study area. 

4 CONCLUSIONS 

The situation of water shortage in the Da Nhim River Basin in Lam Dong province often occurs in the dry 

season. The amount of water shortage is increasing seriously every year, the most in December, January, 

February, March, especially April and May. Due to the uneven distribution of water here over time, in the 

season dry, the amount of incoming water is usually less, but the demand for water is high and vice versa. 

This shows that the regulation of water resources between the rainy and dry seasons in the basin is not 

effective. Therefore, although the amount of surface water of the whole basin may be very large, it is 

unevenly distributed leading to water shortage and waste. Therefore, it is necessary to develop a water 

resource management plan in the area early and combine the development of policies for concentrated water 

resources in the direction of improving the available management capacity. At the same time, the results of 

this study are expected to be a reference document in the planning of exploitation and use of water resources 

in Lam Dong province. 
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Abstract. Silk is a natural fiber of protein released by silkworms, each single filament is made up of two 

long continuous fibroin (brins) fibers accounting for 66% ̶ 88% of the silk mass, surrounded by sericin for 

11%  ̶ 32%. To increase the softness, shine, and elasticity of silk yarns, the sericin was partially or 

completely removed through the degumming process by various substances such as soap, Na2CO3, acids, 

enzymes, supercritical CO2, etc... In this study, self-dyed silk yarns were degummed using an enzyme to 

investigate the effectiveness of degumming parameter process to weight loss and color intensity. Self-dyed 

silk or colored silk is the result of a new green-dyeing method and non-wastewater. This dyeing method is 

based on feeding silkworms with mulberry leaves supplemented with the Rhodamine B dyestuff, then the 

silkworms spun their color-cocoons. X-rite color i5 colorimeter, Scanning Electron Microscope (SEM), and 

Fourier transform infrared spectroscopy (FT-IR) were respectively used to evaluate the color intensity, the 

treatment efficiency, and the structural characterization of treated self-dyed silk. The results showed the 

higher enzyme concentrations and treatment time, the higher the weight loss ratio and the lower color 

intensity. In addition, degumming self-dyed silk with enzyme retained the color of silk better than it with 

Marseille soap. The results were also for reference to selecting the appropriate treatment process for this 

new material. 

 

Keywords. Self-dyed silk, degumming, enzymes. 

1. INTRODUCTION 

Silk is a natural fiber of protein released by silkworms, it is known for its high strength, durability, luster, 

drapeability, and other unique features compared to the common cellulose and synthetic fibers in current 

use for centuries. Mulberry silk has been the most common type of silk with natural colors such as white, 

yellow, and light green. Every single filament is made up of two long continuous fibroin (brins) fibers 

accounting for 66% ̶ 88% of the silk mass, surrounded by sericin for 11% ̶ 32% [1]. In Vietnam, mulberry 

silkworms of the species Bombyx mori with white cocoons are most commonly raised and meet the demand 

for quality of the silk industry [2]. 

To increase the softness, shine, and elasticity of silk fabrics, the sericin is partially or completely removed 

through the degumming process by various substances. The mechanism of degumming silk is based on 

hydrolysis to weaken and cleave the peptide bonds formed by the primary amino acids of sericin, which are 

then separated from the fibroin by dissolution or dispersion in a solvent. The treatment can be classified 

into the main groups as high-temperature water, soap, Na2CO3, acids, or enzymes; some new methods such 

as amine, pressure, plasma, ultrasonic waves, microwaves, ozone gas, supercritical CO2 have also been 

studied [4]. The most recommended methods for silk degumming use Marseille soap and Na2CO3 but it is 

also the cause of environmental pollution [3]. The application of enzymes in textile industries recently has 

increased. Enzymes are eco-friendly products, operate under mild conditions and low temperatures, and so 

consume less energy than other methods [4]. Various studies have been reported on the applications of 

enzymes in degumming silk [5, 6]. In this study, the main material is the self-dyed silk, which is the product 

of the process of creating color cocoons by adding dyestuff Rhodamine B to silkworms' feed (Fig.1). Raw 

silk is usually a white or neutral creamy color, but by adding a chemical dye to the diet of silkworms, they 

mailto:tuuyentk@gmail.com
mailto:thao.hoangthanh@hust.edu.vn
mailto:bmhuong@gmail.com
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spin the color-cocoons. This technique which could eliminate the need for energy-intensive and unfriendly 

traditional dyeing, has been reported by Anuya Nisal et al. in India, and Kang Pil Don et al. in Korea [7, 8]. 

Raw silk is usually degummed before dyeing but it is reversed in this case, so that is necessary to study the 

selection of methods and process parameters in order to keep the maximum color intensity of degummed 

silk. Self-dyed silk or colored silk treated by different methods such as alkali, acid, soap, and enzyme has 

been reported by author Kanika et al. [9], it was observed that the color is lighter than that of the raw silk. 

However, the effect of treatment parameters on weight loss and color intensity has not been reported. In 

this research, the degumming of silk was investigated with enzymes under different conditions. The effects 

of various parameters such as the time and enzyme concentrations on the weight loss and color intensity of 

self-dye silk have been evaluated. The result is also a reference treatment method for this new material. 

2. MATERIALS AND METHODS 

2.1. Materials 

Raw self-dyed silk (RS) from colored cocoons released by silkworms after adding Rhodamine B (RB) to 

the feed on the last phase of the silkworms’ larval stage, 3 days before the larvae started spinning their 

cocoons. The silkworms changed color, which was transmitted to the silk of the cocoons and then self-dyed 

silk yarns. The RS sample used in this study was cultured and tested at the concentration of 1500 ppm RhB 

at the Bao Loc silkworms farming facility in Lam Dong, Viet Nam. 
 

a)       b)   

 

Figure 1. a) Feeding silkworms with Rhodamine B dyestuff, b) Colored cocoon 

2.2. Methods 

Silk degumming 

Degumming with Marseille soap: Drying chamber machine (Mesdan - Italia) was used for degumming with 

recipe: 5 gram/liter (g/l) Marseille soap (France), 0.5 g/l Na2CO3 (99 %, Xilong - China), ratio 1:30 (g/mol), 

treated at 90 °C in 60 minutes. Treated samples were washed with water and dried in the drying chamber 

at 70 °C for 10 minutes. 

Degumming with enzyme: Drying chamber machine (Mesdan - Italia) was used for silk degumming by 

enzyme protease acid (activity of 100.000 U/g, Hangzhou - China) with the recipe at different 

concentrations (2 g/l, 4 g/l, 6 g/l), and 0.5 g/l Na2CO3, ratio 1:40 (g/mol), treated at 60 °C in 2 hours (h). 

On the other hand, raw silk was treated at 6 g/l enzyme with 0.5 g/l Na2CO3, ratio 1:40 (g/mol), and treated 

at 60 °C in 1.5 h, 2 h, 2.5 h, and 3 h. Treated samples were washed with water and dried in the drying 

chamber at 70 °C for 10 minutes.  

Determination of the weight loss 

The weight loss ratio of self-dyed silk was calculated according to the following formula: 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 𝑟𝑎𝑡𝑖𝑜 =  
𝑀1 − 𝑀0

𝑀0
 × 100  (%) 

Where M0 and M1 are the weights of the raw silk and degummed silk  

Color intensity:  

The color intensity of raw and degummed silk was determined by using the X-rite color i5 colorimeter. The 

K/S value is a function of color depth and is calculated according to Munk's Kubelka equation as below: 

𝐾

𝑆
(𝑜𝑟 𝐾/𝑆) =

(1 − 𝑅)2

2𝑅
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Where: R is Reflectance value 

Morphological structure 

The morphology of degummed silk fibers was observed with a scanning electron microscopy (SEM) (S-

4800, Hitachi, Japan) at Chemical Technology Institute, Vietnam. 

FT-IR analysis 

Fourier-transform infrared spectroscopy (FT-IR-Jasco 4700, Japan) was used for the analysis of 

components of silks at Chemical Technology Institute, Vietnam. Measurement was done within the spectral 

range 400–4000 cm−1. 

3. RESULTS AND DISCUSSION 

3.1. Effect of technique parameter on weight loss ratio 

Sericin takes about 11 % ̶ 32 % of silk yarns, which depends on the source and sort of silk [1]. Sericin is 

partially or completely removed to increase the softness, shine, and elasticity of degummed silk (DS). 

Therefore, the degumming efficiency is assessed by the weight loss ratio (WLR) of treated samples, it is 

equivalent to the amount of sericin removed from silk. 

 
 

Figure 2. Weight loss of treated self-dyed silk by enzyme and Marseille soap 

Figure 2 displays the degumming weight loss ratio (WLR). It showed that the higher enzyme concentration, 

the higher WLR. At the enzyme concentrations, the highest WLR is 29.13% when treated with 6 g/l. At the 

time of treatment, the WLR was highest (30.11 %) after treatment in 2.5 h.  Extended treatment time to 3 

h, the WLR decreased to 25.76%; that may come from the decline in enzyme activity and the restructuring 

of the sericin component in the degumming solution. The enzyme exhibits a wide specificity in its action 

toward polypeptides. Peptide bonds formed by the carboxyl groups of arginine and lysine residues are 

highly susceptible to attack by papain. In addition, cleavage occurs readily at the carboxylic acid group of 

histidine, and also at glycine, glutamic acid, glutamine, leucine, and tyrosine. 

Compared with the public degumming process by MS soap, using the enzyme has a slightly lower WLR. 

This is because the detergent action of soap is higher than that of enzymatic methods. Degumming action 

of soap solution is due to alkali formed on hydrolysis of soap then produced soda salt. The swollen sericin 

is separated by the soap in the bath and dissolves in water due to the emulsification action of the soap. 

3.2. Effect of technique parameter on color intensity 

Figure 3 displays raw and treated self-dyed silk from different degumming methods. The treatment made 

the gloss of silk yarns increased but color intensity decreased. The color comes from pigments that reside 
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mainly in the outer layer of sericin which is hydrophilic, therefore the color is easily removed upon 

dissolving in hot water. Treated silk with enzyme retains better colors than it with MS soap. On the other 

hand, fig.3b shows the pink color from RhB dyestuff of the silk sample, indicating that the remaining color 

molecules are bound to the fibroin of silk.  

 
 

Figure 3. a) Raw silk; b) Degummed with enzyme (6 g/l, 2.5 h); c) Degummed with Marseille soap 

The color intensity (K/S) used to evaluate the amount of pigment present in silk or the color intensity of 

treated silk is shown in fig.4 with peaking at 540 wave-number. At a high concentration (6 g/l) treated in 

2.5 h, the color intensity decreased the most; it is reduced because some of the dyestuffs in the silk have 

been removed along with sericin, which is separated during degumming. The results show that the 

concentration and the treatment time in both methods using enzymes or MS soap are inversely proportional 

to the color intensity of self-dyed silk. 

 
 

Figure 4. Color intensity (K/S) of a) degummed silk with various enzyme concentrations in 2 hours; b) degummed 

silk with enzyme concentration 6 g/l at various time treatment 

3.3. Morphology of silk fibers 

Figure 5 shows the longitudinal morphology of treated samples by both methods with a smooth, glossy 

surface. The surface of the treated sample at a concentration of 6 g/l in 2.5 h has hardly any residual sericin, 

which was almost removed (fig.5e). It was also observed that the silk surface is still rough, and the sericin 

is unevenly distributed along the fiber axis when treated at low concentrations and in a shorter time (fig.5d). 

Moreover, there are no damages of fibroin composition and obvious difference is observed in the 

morphologies of degummed silk fibers with enzymes degumming method. 

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

350 400 450 500 550 600

K
/S

Wavenumber 

2 g/l

4 g/l

6 g/l

a)

-.100

.00

.100

.200

.300

.400

.500

.600

.700

350 400 450 500 550 600

K
/S

Wavernumber

1,5 h

2 h

2.5 h

3 h

b)

a) b) c) 



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   93 

 

 

 

Figure 5.  SEM image of raw self-dyed silk (a) and degummed silk (DS) with the 

enzyme at b) 2 g/l in 2 h; c) 4 g/l in 2 h, d) 6 g/l in 2 h, e) 6 g/l in 2.5 h, f) 6 g/l in 3 h 

3.4. Fourier infrared spectroscopy analysis 

FT-IT spectra are displaced in fig.6, showed the peak appears in the range of 1500 cm-1 to 1600 cm-1 and 

belongs to amide II (mainly caused by bending vibrations of the N–H bonds), the peak at 1521 cm-1 (N–H) 

and 1612 cm-1 (stretched C=O) are two characteristic peaks of silk. 

The spectra found at around 3300 cm-1 – 2500 cm-1 are assigned to the –NH stretching and –NH bending 

of the amino groups. There is a small peak near 1244 cm-1 that belongs to amide III (mainly produced by 

C=O stretching vibrations and N–H bending), which corresponds to the random coil and the β sheet 

structure. The absorption peak at 1406 cm-1 is produced by C–H bonds and O–H bonds. It also showed that 

enzyme degumming methods do not damage the molecular structure of self-dye-silk. 

a) b) 

d) c) 

e) f) 
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Figure 6.  FTIR spectra of raw self-dye silk (RS) and degummed self-dye silk (DS) 

4. CONCLUSIONS 

The results showed the higher enzyme concentrations, the higher the weight loss ratio, and the lower the 

color intensity. Enzyme concentration of 6 g/l, treated in 2.5 h is the optimal parameter for almost complete 

elimination of sericin. Degumming with enzymes retains the color on silk better than it with MS soap. In 

addition, enzymes are natural products, bio-degradable, and without leaving pollutants behind, so they 

could be a part of the green-silk production process. This paper serves also as a reference for selecting the 

appropriate treatment process for this new material. 

ACKNOWLEDGMENT 

The contribution of Italy-Vietnam Textile Technology Center (HCMUT), Biotechnology Center of Ho Chi 

Minh City, Mr. Le Dinh Thang and Ms. Nguyen Hong Ngoc were acknowledged for theirs help in 

experiment. 

REFERENCES 

[1] Arindam Basu. Advances in Silk Science and Technology, Woodhead Publishing in Textiles, vol. 163, 2015 

[2] Fujia Chen, David Porter, Fritz Vollrath, Silk cocoon (Bombyx mori): Multi–layer structure and mechanical 

properties, Acta Biomaterialia, vol. 8, pp. 2620–2627, 2012 

[3] S R Shukla, Environment-friendly processing of protein fibres, Indian Journal of Fibre & Textile Research, vo1. 

26, pp. 116–124, 2001  

[4] Shivani Rastogia, Balasubramanian Kandasubramanian, Processing trends of silk fibers: Silk degumming, 

regeneration and physical functionalization, The Journal of The Textile Institute, vol. 111, no. 12, pp. 1794–1810, 

2020 

[5] Mokhtar Arami, Sharam Rahimi, Leila Mivehie, Firoozmehr Mazaheri, Niyaz Mohammad Mahmoodi, 

Degumming of Persian Silk with Mixed Proteolytic Enzymes, Journal of Applied Polymer Science, vol. 106, pp. 267–

275, 2007 

[6] Giuliano Freddi, Raffaella Mossotti, Riccardo Innocenti, Degumming of silk fabric with several proteases, Journal 

of Biotechnology, vol. 106, pp. 101–112, 2003 

[7] Anuya Nisal, Kanika Trivedy, Hasan Mohammad, Suyana Panneri, Sayam Sen Gupta, Ashish Lele, Ramesh 

Manchala, Nirmal S. Kumar, Mugdha Gadgil, Harish Khandelwal, Snehal More, R. Seeta Laxman, Dandin,S., Kumar, 

82

84

86

88

90

92

94

96

98

100

102

0 500 1000 1500 2000 2500 3000 3500 4000

T
ra

n
sm

it
io

n
 (

%
)

Wavernumber cm-1

RS

DS
1521 cm-1

1612 cm-1

1244 cm-1

1406 cm-1



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   95 

N. and Kanika Trivedi, Uptake of Azo Dyes into Silk Glands for Production of Colored Silk Cocoons Using a Green 

Feeding Approach, ACS Sustainable Chemical, vol. 2, pp. 312–317, 2014 

[8] Kang Pil Don, Kim Mi Ja, Jung I Yeon, Kim Kee Young, Kim Young Soon, Sung Gyoo Byung, Sohn Bong Hee, 

Production of Colored Cocoons by Feeding Dye-Added Artificial Diet, International Journal of Industrial 

Entomology, vol. 22, no. 1, pp.21–23, 2011 

[9] Kanika Trivedy, S. Sangappa, S. Nirmal Kumar, and B. B. Bindroo, Production of Pink Colored Silk Fabric Dyed 

Using a “Green” Dye-Fed Silkworms Approach, AATCC Review, vol. 16, no. 1, 2016 

  



International Symposium for Green Solutions (ISGS 2022) 

96  ©2022 Industrial University of Ho Chi Minh City                                                                                

ICATSD2F.310 

RECOVERY OF PHOSPHORUS FROM DRIED SEWAGE SLUDGE  

FOR FERTILIZER FORMULATIONS 
 

ZAHEER A. SHARIFF, DAVID LELEU, ANDREAS PFENNIG 

Department of Chemical Engineering, University of Liège, Liège, Belgium 

andreas.pfennig@uliege.be 

 

Abstract. Phosphorus (P) is an indispensable nutrient in agriculture, essential for nutrition of mankind. To 

close the P loop, P must be recovered during wastewater treatment in Germany by the end of this decade. 

Other EU countries will follow similar regulations. As part of an Interreg NW-Europe project, several pilot-

scale processes were tested by industrial and research partners to validate them in industrial settings. At the 

University of Liège, the PULSE (Phosphorus University of Liège Sludge Extraction) process was 

developed. It consists of sludge drying, which is essential for good process performance, leaching with 

hydrochloric acid, reactive extraction to remove unwanted metals such as iron and heavy metals, and 

fractional precipitation. Since sewage sludge changes properties during storage, the mobile pilot plant was 

operated at three different locations with fresh sewage sludge from wastewater treatment. To adapt the 

operating parameters of PULSE to the specifics of the respective sludges, they were optimized with the aid 

of simulations, based on cascaded option trees. A key point is the thermodynamic description of the aqueous 

speciation equilibria, the reactive equilibria during extraction, and those describing precipitation. In 

particular, the model allows considering different models for the non-ideality of electrolyte solutions up to 

concentrated systems. The simulation tool can also be used to fit unknown parameters such as the 

equilibrium constants of reactive extraction. It was shown that the model is able to describe well all 

equilibria at the different process steps in the system. On the other hand, the optimal operating parameters 

could be confirmed experimentally. Finally, it was shown that the process can be operated well at the pilot 

scale. The product obtained after precipitation was tested by the project partners and showed good 

performance as a fertilizer component in pot trials and could be easily incorporated into the granulation of 

a commercial fertilizer formulation.  

 

Keywords. Circular economy, equilibrium modelling, heavy metal, phosphorous recycling, reactive 

extraction, sewage sludge. 

1. INTRODUCTION 

Phosphorus (P) is an indispensable nutrient in agriculture, essential for nutrition of mankind. P has been 

realized as a critical component in 2014 by the EU [1]. To close the P loop, P must be recovered during 

wastewater treatment in Germany by the end of this decade. Other EU countries will follow similar 

regulations. As a consequence, several projects have been developing and evaluating P-recovery processes, 

many of which joined forces and are presented via the European Sustainable Phosphorus Platform [2]. As 

part of the Interreg NW-Europe project PhosForYou, several pilot-scale processes were tested by industrial 

and research partners to validate them in industrial settings.  

At the University of Liège (Uliège), the PULSE (Phosphorus University of Liège Sludge Extraction) 

process was developed [3]. The concept of the PULSE process was developed based on the PASCH process 

[4] and further adapted to treat dried sewage sludge to recover P. The scheme of the PULSE process 

developed at ULiège is depicted in Figure 1. The process shown produces calcium phosphate but can also 

be adapted to magnesium phosphate as the final product. 

The design and dimensioning of the PULSE demonstrator were carried out based on results of laboratory 

experiments that were established at ULiège and information from the PASCH process as well. While the 

equipment and parts for the PULSE demonstrator were ordered and procured, the optimization and 

evaluation of individual unit operations of the PULSE process were carried out at laboratory scale by 
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making use of the cascaded option trees and equilibrium-speciation simulations. In order to carry out the 

equilibrium simulations for the unit operations of the PULSE process, a MATLAB tool has been developed 

for calculation of solid-liquid-liquid equilibria (SLLE). 

 

 

Figure 1: PULSE-process scheme 

2. METHODS 

2.1. Cascaded Option Trees 

In order to find suitable operating options and optimize the unit operations of the PULSE process, the 

cascaded option-tree methodology [5] was used. In this method, the options are evaluated against a set of 

operation-relevant criteria. The option with the most positive evaluation is chosen for the process. The 

information for evaluation of the options is obtained from literature, laboratory experiments, and SLLE 

modelling. 

An example of the cascaded option-tree evaluation to characterize the best state of the input sludge entering 

the PULSE process is shown in Figure 2. Dried sludge was selected as the input material for the PULSE 

process because only that allowed sufficient filterability under expected process conditions. Similarly, 

different options for all unit operations of the PULSE process were analyzed to identify the most suitable 

combination of options to be employed in the PULSE process. 

2.2. Solid Liquid Liquid equilibrium modelling tool 

The chemical unit operations of the PULSE process, i.e. leaching, solvent extraction of metals and 

subsequent stripping of metals from the spent solvent for regeneration, and the precipitation of P salts are 

inter-dependent and sensitive to the pH of the respective operation among other operating parameters. As 

the characteristics of sludge can vary from day to day, it is imperative to understand the chemistry and 

reactions occurring as a function of pH in each of these operations. Therefore, a MATLAB tool for 

simulating SLLE was developed, which can be used to describe the chemical unit operations. With the help 

of this tool, it is possible to optimize the process for sludge with different characteristics minimizing 

experimental work. 
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Figure 2: Cascaded option tree for sludge-input options 

The SLLE tool solves a set of nonlinear equations consisting of charge neutrality, mass balance, and the 

law of mass action constraints which describe the system [6], including appropriate quantification of 

thermodynamic non-idealities, where e.g. the Debye-Hückel and the Davies model can be selected [7]. The 

solution of the non-linear system of equations leads to the concentrations of all chemical species that exist 

in the aqueous phase and/or in the organic phase as well as the solids that can precipitate at equilibrium as 

shown in Figure 3. In that example, representing undigested dewatered sludge used for performing 

experiments to develop the PULSE process, contained calcium, iron, and aluminum as the predominant 

metals besides phosphorus. Analysis of ferric and ferrous iron leached from the dried sludge revealed that 

about 70% of the iron was present as ferric, Fe3+. Depending on the molar concentration of iron, a major 

fraction of inorganic phosphorus in sludge can be present as ferric phosphate (FePO4). It can be seen from 

Figure 3, FePO4 can remain undissolved if the pH is greater than 0.3. 

 

 

Figure 3: Speciation using the SLLE tool. Initial concentrations in [mol/L]: Fe3+: 0.0703, Al3+: 0.0203, HCl: varying, 

PO4
3-: 0.348, Ca2+: 0.2, Fe2+: 0.03. The dashed curves show the precipitation equilibrium 

The SLLE tool allows simulations both by fixing the input amounts for the components to obtain the 

equilibrium concentrations and pH, or alternatively to calculate the amount of pre-defined components 

needed to reach a desired pH. It is also possible to calculate the equilibrium concentration of different 

species when two solutions containing different components are mixed. 
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The input data to the SLLE tool include the total input amount or concentration of the different components, 

the chemical equilibrium constants, and the reaction stoichiometries. With this input information, the SLLE 

tool determines the output concentrations of the aqueous species and the amounts of solids that precipitate 

depending on the equilibrium conditions for each step of the PULSE process.  

Although extensive thermodynamic data are available for aqueous phase reactions and precipitation, it is 

not the case for solvent extraction or organic-phase reactions. Since the description of these equilibria is 

required to optimize the PULSE process, the chemical equilibrium constants and reaction stoichiometry are 

determined in this case by performing equilibrium experiments and fitting the parameters to experimental 

data using the tool. 

2.3. PULSE-process development and optimization with lab experiments 

Lab-scale experiments for each unit operation of the PULSE process were established in order to obtain the 

necessary information for the design of the PULSE demonstrator and to develop and optimize the overall 

process. The materials and methods for these analyses are detailed in the project technical report [3]. Here, 

the general outcomes of the process development and optimization for the individual unit operations of the 

PULSE process are discussed below. All the laboratory experiments were carried out using undigested 

dewatered sludge from Oupeye wastewater-treatment plant (wwtp) in Liège, Belgium.  

3. THE PULSE PROCESS 

In the following, the resulting conditions for the unit operations of the PULSE are presented. 

3.1. Sludge Drying 

The P-leaching efficiency of dried sludge (DS) and dewatered sludge (DWS) was compared after leaching 

with hydrochloric acid (HCl) in order to select the optimal input material for the process. A batch convective 

air dryer was used for drying the sludge. The drier also allows for the continuous monitoring of the weight 

of the sample. The sludge was dried at 110 to 120 °C until no further change in the mass of the sludge 

sample was observed. After drying, the sludge was crushed to a particle size of <5 mm and stored. The dry 

matter content was measured just before leaching and it was found to be 98.2 %. The dried sludge was 

leached using a solid-liquid mass ratio of 0.25 i.e. 250 g of dried sludge was mixed with 1 liter of HCl 

solution. In the case of dewatered sludge, which has a paste-like appearance, the liquid fraction is already 

about 0.75. Therefore, in the latter case, an excess of the acid solution is required to solubilize the pasty 

sludge and overcome the dilution effect due to the water content of the sludge itself. 

A simple cost comparison for the typical energy requirement to dry 1 kg of dewatered sludge and for the 

excess amount of acid for the subsequent leaching at pH < 1 was worked out. The cost for drying the sludge 

using the currently available technologies was almost identical or only slightly above the cost of the excess 

acid that must be used to leach the dewatered sludge. Further, with respect to solid-liquid separation after 

the leaching operation, in the case of dewatered sludge, it was not possible to filter the solids at 100 or 

50 µm as the solids were very fine and a sufficiently fine filter was blocked almost immediately. In contrast, 

for dried sludge, the particle size could be controlled to a certain degree during crushing, and the removal 

of more than 80 % of the particles at 100 or 50 µm was possible by filtration.  

Considering the reduction in acid consumption during leaching and the ease of solid-liquid separation after 

leaching in the case of dried sludge, a drying step was included in the PULSE process.  

3.2. Leaching 

The efficiency of overall P-recovery is largely dependent on the leaching operation. Various options and 

operating parameters were tested in order to evaluate the leaching of P from dried sludge such as leaching 

acid, pH, time, temperature, and effect of addition of oxidizing and reducing agents during leaching. All 

the leaching experiments were conducted at room temperature. Typically, sludge was dried and stored in 

air-tight containers and the DM was measured each time before leaching. No differences could be observed 

in leach liquor of dried sludge stored even for more than 6 months.  

The results showed that the leaching of P depends only on the pH and not on the acid used. It was also 

realized that the maximum leaching efficiency that could be reached even at a very low pH of -0.16 is about 

65 %. The P in the sludge used for leaching experiments was characterized using the Standards, 
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Measurements and Testing (SMT) harmonized procedure for phosphorus fractionation in freshwater 

sediments (SMT protocol) [8]. The sludge from the Oupeye wwtp was found to contain about 68 % 

inorganic P, while 32 % of P was organically bound. This means, the P leached in acidic conditions is 

mainly stemming from the inorganic P while little or no organic P can be accessed around pH zero. The 

leaching of P estimated using the SLLE tool correlates well with the experimental data. Thus, if the major 

inorganic components of the sludge are known, the leaching efficiency can be evaluated using the SLLE 

tool as a function of pH.  

With respect to the different acids tested for leaching, HCl is one of the cheapest acids and it also provided 

a better result with respect to solvent extraction of metals compared to sulfuric acid. Therefore, based on 

the cascaded option-tree evaluation of the different acids, it was decided to use HCl in the PULSE process. 

Further, based on the laboratory results, a leaching time of 1 hour and an S/L ratio of 0.25 were chosen for 

the PULSE leaching.  

3.3. Reactive extraction 

The metals that are co-leached with P are not desired in the final product as they may be detrimental when 

the recovered P product is used as a fertilizer or they may reduce the P availability to plants. Apart from P 

and Ca, Fe is the most predominant metal leached from Oupeye sludge and 70 % of Fe is present in the 

form of Fe3+. FePO4 can precipitate even at a pH as low as 0.3, which would reduce the P availability to 

plants in the soil. 

In the PULSE process, reactive extraction is used to remove Fe and other heavy metals from the leach 

liquor. Reactive extraction allows the selective extraction of metals as a function of pH and has a high 

capacity for metal loading. Based on the information obtained from the PASCH process and the mechanism 

of extraction, three extractants were evaluated, namely Alamine 336, which is an anion-exchange 

extractant, D2EHPA, which represents a cation-exchange extractant, and TBP, which is a complexing 

extractant. Ketrul-D80, which is a commercially available brand of desulfurized kerosene, was chosen as 

diluent. Kerosene is one of the most commonly used diluents due to the advantages it offers over other 

diluents such as low toxicity and high flash point. The extraction efficiencies of these extractants were 

evaluated using lab experiments.  

The experimental results indicated that only the reactive extractant Alamine 336 provided a quantitative 

extraction of metals. The degree of extraction of iron is very low at an HCl concentration of 1 mol/l. It was 

found to increase with the concentration of HCl, as Cl- is exchanged against negatively charged ferric-

chloride complexes that are formed at low pH.  

Based on the cascaded option tree evaluation, the solvent system containing Alamine 336, TBP, and Exxal 

10 dissolved in Ketrul D80 was chosen to be employed in the PULSE process. Exxal 10 is a modifier that 

is required to improve the solubility of Alamine 336 in the diluent and to prevent the formation of the third 

phase upon extraction. Typically, Exxal 10 equivalent to about 50 % of the volume fraction of Alamine 336 

must be added to avoid that third-phase formation. However, it was found that Exxal 10 may lead to a 

decrease in extraction efficiency. Therefore, Exxal 10 was supplemented by TBP, which also acts as a 

modifier and contributes to a slight increase in extraction efficiency.  

In the PULSE demonstrator, a battery of four mixer settlers of 150 mm diameter and 1500 mm length is 

employed to carry out the different steps involved in the extraction, i.e. protonation of solvent using acid, 

reactive extraction of metals in two counter-current stages, and stripping of metals from solvent. 

3.4. Precipitation 

In the PULSE process, it is possible to precipitate P either as calcium phosphate (CaP) or as magnesium 

phosphate (MP). Since precipitation of MP requires an additional step for the removal of calcium as calcium 

sulphate by fractional precipitation, it is preferred to precipitate P as calcium phosphate. In order to evaluate 

the precipitation of P as a function of pH and to optimize the process, experiments were conducted with 

NaOH and Ca(OH)2 at different pHs for P precipitation. The total mixing time of the reaction mixture was 

twenty minutes and the temperature at the end of mixing for all the experiments was about 30 °C.  

The different calcium-phosphate phases that could precipitate at different pH were evaluated based on the 

SLLE model considering the solubility-product constant of the various calcium-phosphate phases and the 

Ca/P ratio that was found in the precipitate. The precipitation of different phases is quite complex as at first 
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a less stable phase such as di-calcium phosphate di-hydrate (CaHPO4•2H20) or amorphous calcium 

phosphate (Ca3(PO4)2) is precipitated which transforms into the more stable hydroxyapatite (HAP) 

(Ca5(PO4)3OH) [9]. The time for a transformation of the precursors to HAP depends on various factors such 

as temperature, saturation, and the presence of other ions such as magnesium and carbonates.  

Since aluminum is not removed during extraction, an excess of aluminum in the leach liquor could be 

removed by fractional precipitation. Therefore, aluminum is precipitated at pH 3 as AlPO4. Since Al re-

dissolves at pH > 10, this fractional precipitate can be re-dissolved to solubilize Al while adding Ca, to 

recover the corresponding P. 

For the demonstrator tests, it has been decided to use a pH between 5 and 6 for the precipitation. As Ca(OH)2 

is cheaper compared to NaOH, it is more desirable to use Ca(OH)2 compared to NaOH for the precipitation. 

4. THE PULSE DEMONSTRATOR 

The PULSE demonstrator was designed and built as a mobile pilot plant so that it could be transported in 

containers and tested at different locations within the Phos4You project. The PULSE demonstrator consists 

of two 20-feet containers which can be placed parallel and opened on the long side as well as the short side. 

A tent can be installed between the two containers in order to create an enclosed space where the mixer 

settlers (MS) for solvent extraction can be assembled as all the sites where the demonstrator was operated 

do not have an enclosed space. The other equipment modules such as drying, crushing, leaching, 

precipitation, and filtration were set up inside one container. The other container was used for storage and 

transport of the MS and other utility equipment when the demonstrator had to be moved from one site to 

another. When the MS had been removed and installed at the site, this second container was used as a 

temporary office and for storage of chemical stock.  

The unit operations were dimensioned to realize a capacity of 100 kg of dewatered sludge per day. 

Considering a typical DM content of 20 % this relates to a daily capacity of 20 kg of dried sludge. The unit 

operations were realized in batch mode for leaching, filtering, and precipitation. The extraction and 

stripping steps were operated in quasi-continuous mode, i.e. procedures were established that the 

continuous mixer-settler units could be switched off and restarted with only limited disturbance of their 

content. In Figure 4 the mixer-settler units are shown while being run in the technical hall during 

commissioning.  

 

 

Figure 4: 5-stage mixer-settler equipment for solvent extraction tests in the PULSE demonstrator (Photo: 

ULiège/Z.A. Shariff 

The PULSE demonstrator was operated at ULiège with German sludge that had been shipped from 

Dortmund-Deusen wwtp, at Oupeye wwtp near Liège, and at the Waste-Water Development Centre of 

Scottish Water in Bo'ness.  
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5. RESULTS 

Some results obtained with the demonstrator are presented in the following. A broader overview can be 

found in the technical report of the PhosForYou project [3].  

Figure 5 shows the comparison of P leaching efficiency between results obtained with the SLLE tool, an 

available software, lab experiments, and the demonstrator test. With the demonstrator, a maximum P 

leaching efficiency of about 75 % was achieved. Figure 5 shows that lab experiments, demonstrator 

operation, and the SLLE tool yield very consistent leaching data. In contrast, the aquion software, which is 

available on the internet [10], showed some systematic deviation. This again demonstrates that the SLLE 

tool developed in this project allows accurate prediction of the equilibria. 

 

 

Figure 5: Comparison of P leaching efficiencies between SLLE tool, lab experiments, and demonstrator tests using 

HCl acid and the dried sludge from the Dortmund-Deusen wwtp 

For one example runs, the overall degree of metal extraction from the leach liquor is shown in Figure 6. 

Again, demonstrator results are compared to those obtained with the SLLE tool. The degree of extraction 

is well predicted with the SLLE tool. For all components except Fe, both results are within the statistical 

scatter. On the other hand, the fact that there is some deviation for one of the components is not surprising 

given the complexity of the system. The change in concentration of P in the leach liquor before and after 

extraction was about 5% only, i.e. during extraction of the metals, P remained almost completely in the 

aqueous phase. 

From 60 kg of dried sludge from the Dortmund-Deusen wwtp about 6.8 kg of the product were obtained. 

The concentrations analyzed at the different stages of the PULSE demonstrator for that case are collected 

and compared in Table 1. It is apparent that a high P content could be reached in the product, where the 

concentration relative to that of P could be reduced for Al, Fe, and heavy metals. The product concentrations 

are characterized in Figure 7 together with the reduction ratios that are required to reach EU legal limits for 

fertilizer ingredients. For the critical components, these limits are clearly met. The only exception is Cr, the 

content is not reduced relative to P for the sludge from Oupeye wwtp. The high concentration of Cr is due 

to a specific industry present within the Oupeye wwtp catchment. The results with the German sludge (see 

Table 1) indicate, that it is in principle possible to reduce the Cr content relative to that of P. The final 

product contains a rather high Cl concentration. This can be easily avoided by additional washing of the 

product before drying, which was not realized for this set of demonstrator runs. 
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Figure 6: SLLE tool vs. demonstrator: average degree of extraction of metals from German sludge liquor from a 2-

stage counter-current operation at different O/A phase ratios 

Table 1: Composition of different intermediate streams of the PULSE demonstrator during operation with 

German sludge 

 

  dry sludge 

leach liquor 

before 

extraction 

leach liquor 

after extraction 

leach liquor 

after 

precipitation at 

pH 5.8 

PULSE product 

Al ppm 14400 1190 1220 1.76 24767 

As ppm 8.99 0.798 0.7735 0.5 9.43 

Ca ppm 26200 5820 5660 18500 196428 

Cd ppm 1 0.208 0.05 0.5 0.14 

Cl ppm n/a n/a n/a n/a 93300 

Co ppm 9.44 0.953 0.9355 0.377 n/a 

Cr ppm 49.7 3.42 3.345 0.5 49.7 

carbon total ppm n/a n/a n/a n/a 31100 

Cu ppm 515 82.9 28.3 3.83 244 

Fe ppm 56500 9200 1850 18 36000 

Hg ppm 0.529 < 0.02 <0.02 <0.02 n/a 

K ppm 4220 379 359 278 1910 

Mg ppm 6820 1100 1045 989 3514 

Mn ppm 718 176 170 27.8 n/a 

Na ppm 632 132 138.5 152 513 

Ni ppm 34.9 3.9 3.58 2.24 n/a 

P ppm 34700 6450 6110 44.1 119650 

P2O5 T % n/a n/a n/a n/a 27.4 

Pb ppm 51 11.2 0.9115 0.15 14.1 

Zn ppm 1100 231 0.3 0.15 12.5 
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Figure 7: Reduction ratio relative to P (g/g P) between product and sludge and minimum reduction legally required 

for contaminants for the Oupeye sludge [11] 

6. CONCLUSION 

Based on the results of leaching wet and dried sludge, it can be concluded that there was no significant 

difference in the leaching efficiency of P. In principle, acidic leaching dissolves mostly the inorganic 

fraction of P from the sludge and this dissolution is dependent on the pH. Dried sludge is easier to handle 

and also the solids-liquid separation after leaching is more efficient compared to wet sludge. Drying the 

sludge also reduces the consumption of acid and the volumes that must be treated in the later steps. During 

solvent extraction, the metals Fe, Cd, Hg, Pb, and Zn were very well extracted and Cu was extracted 

moderately while the change in P concentration of the leach liquor is negligible. The solvent regeneration 

was very efficient. The final product of the PULSE process containing calcium phosphate salts has very 

low concentrations of Fe, Cd, Cu, Hg, Pb, and Zn. The P2O5 concentration of the final product depends on 

the base used i.e. NaOH or Ca(OH)2 and also on the other precipitable components in the liquor. The overall 

efficiency of the P recovery from sludge in the PULSE process is between 60 to 70%. The P2O5 content of 

the product obtained by the PULSE process is so high that the PULSE product can be used directly as a 

fertilizer after milling and granulation or as a P-contributing ingredient in commercial fertilizer 

formulations. A cost estimate for the process on a technical scale results in an additional 5 to 10 €-cents per 

cubic meter of treated wastewater. 

Thus, it has been shown that the PULSE process can efficiently recover P from sewage sludges of various 

origins. In particular, metallic impurities such as heavy metals can be sufficiently removed to meet the strict 

legal limits. The process can be easily adapted to the specific conditions of a particular wastewater treatment 

plant using the SLLE tool. For example, it is possible to adjust the number of extraction stages depending 

on the metal concentrations, optimize the phase ratio, etc. to minimize process costs.  

ACKNOWLEDGMENT 

The research work was carried out as part of the PhosForYou project which was funded through the 

INTERREG VB North-West Europe Programme (2014-2020) under the grant NWE292. The matching 

funding for the work at ULiège was provided by Walloon Region. 

 

Ca K Mg Mn Na Al As Cd Co Cr Cu Fe Hg Ni Pb Zn

0.001

0.01

0.1

1

10
reduction ratio required 

to meet EU regulations 

undesired metals
nutrients/other metals

c
o

m
p

o
n

e
n

t 
re

d
u
c
ti
o

n
 r

a
ti
o

 

content relative to P equal in sludge and product



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   105 

REFERENCES 

[1] European Comission (2014). On the review of the list of critical raw materials for the EU and the implementation 

of the Raw Materials Initiative. [Online]. Available:   

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52014DC0297 

[2] European Sustainable Phosphorus Platform (2022). European Sustainable Phosphorus Platform. [Online]. 

Available: https://www.phosphorusplatform.eu/home2 

[3] M.-E. Ploteau, A. Althoff, I. Nafo, B. Teichgräber (Eds.) (2021). Technical report of the Phos4You partnership on 

processes to recover phosphorus from wastewater. [Online]. Available:   

https://duepublico2.uni-due.de/receive/duepublico_mods_00074788 

[4] P. Doetsch, J. Pinnekamp, D. Montag, W. Rath, (2010), Rückgewinnung von Pflanzennährstoffen, insbesondere 

Phosphor aus der Asche von Klärschlamm. v https://hdl.handle.net/2268/183687 

[5] A. Bednarz, B. Rüngeler, A. Pfennig. Use of Cascaded Option Trees in Chemical-Engineering Process 

Development. Chem. Ing. Technol., vol. 86, pp. 611-620, 2014. 

[6] Z.A. Shariff, L. Fraikin, A. Léonard, A. Pfennig, (2020). Development of solid-liquid-liquid equilibrium speciation 

and data fitting tool and its application to phosphorus recovery process from sludge. In DECHEMA e.V. (Ed.). 

Jahrestreffen der ProcessNet-Fachgruppen Fluidverfahrenstechnik, Adsorption und Extraktion. Berchtesgaden, 26. - 

28. Februar. [Online]. Available: http://hdl.handle.net/2268/247818. 

[7] C.W. Davies, Ion Association. London: Butterworths. pp. 37-53, 1962 

[8] M. García-Albacete, A. Martín, and M. Cartagena, Fractionation of phosphorus biowastes: Characterisation and 

environmental risk, Waste Management, vol. 32, pp. 1061-1068, 2012. 

[9] L. Montastruc, C. Azzaro-Pantel, B. Biscans, M. Cabassud, S. Domenech, A thermochemical approach for calcium 

phosphate precipitation modeling in a pellet reactor. Chem. Eng. J., vol. 94, no. 1, pp. 41-50, 2003.  

[10] Aqion Hydrochemistry & Water Analysis. [Online]. Available: https://www.aqion.de/ 

[11] European Parliament, Council of the European Union. (2019) Regulation (EU) 2019/1009 laying down rules on 

the making available on the market of EU fertilising products. [Online]. Available: https://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=CELEX%3A32019R1009 

  



International Symposium for Green Solutions (ISGS 2022) 

106  ©2022 Industrial University of Ho Chi Minh City                                                                                

ICATSD2F.311 

RESEARCH ON POLYPHENOLS EXTRACTION AND ANTIBACTERIAL 

CAPACITY FROM CYPERUS ROTUNDUS L. ROOTS 
 

DO VIET PHUONG*, LUU THAO NGUYEN, NGO THI NGOC ANH, NGUYEN VAN HOA 

Institute of Biotechnology and Food Technology, Industrial University of Ho Chi Minh City, Vietnam 

*dovietphuong@iuh.edu.vn 
 

Abstract. The study was conducted to optimize the material drying conditions in the preservation process 

and to limit the impact on the polyphenol content after the extraction process. The extraction conditions of 

polyphenols, such as ethanol concentration, solvent ratio, and extraction time were also optimized. The 

extract was then tested for its antibacterial activity using the disk diffusion method. As a result, the 

polyphenol content in the Cyperus rotundus L. roots dried at a temperature of 60oC for 150 minutes was 

higher than those dried at other temperatures. Raw material to solvent ratio of 1/20 (w/v), the ethanol 

concentration of 50%, and the extraction time of 20 minutes were found to be the optimum extraction 

conditions, in which the highest polyphenol content of 36.91 (mg GAE/g DW) was obtained. The extract 

was effective against Staphylococcus aureus and Escherichia coli at a minimum concentration of 160 

mL/mL and 640 mL/mL, respectively.  

 

Keywords: Polyphenol, Cyperus rotundus L., antibacterial, extraction. 

1. INTRODUCTION  

Cyperus rotundus L. has been known as a species belonging to Cyperaceae. The plants are commonly 

distributed in tropical and sub-tropical regions [1]. They grow wildly in all provinces and cities in Vietnam, 

especially in the fields or the banks in the dry winter. 

In Vietnam, Cyperus rotundus L.  is considered a harmful weed with roots developing into the root. 

Herbicides are almost impossible to completely destroy those weeds because the herbicides are only able 

to burn the leaves, but parts of the root under the ground are almost impossible to be completely destroyed. 

Farmers, therefore, have to spend a high yearly cost to manually destroy Cyperus rotundus L.  

Phytochemical surveys revealed that the Cyperus rotundus L. roots contained flavonoids, tannins, 

glycosides, furochromones, monoterpenes, sesquiterpenes, sitosterol, alkaloids saponins, terpenoids, 

essential oils, starch, carbohydrates, protein and amino acids [1-3]. The most important ingredient in 

Cyperus rotundus L. roots is an essential oil with a content of 0.2% (w/w). Sixty natural compounds were 

identified from its essential oil. Sesquiterpene compounds represented the largest amounts in the oil. Among 

the oil constituents, cyperene (16.9%), caryophyllene oxide (8.9%), α-longipinane (8.4%), and β-selinene 

(6.6%) represented the major components [4]. 

The antibacterial activity of essential oil from Cyperus rotundus L. has been studied extensively. The results 

showed that the essential oil extracted from the roots and root of Cyperus rotundus L. was resistant to many 

gram-positive bacteria (Staphylococcus aureus, Streptococcus, Sarcina lutea, Bacillus subtilis) and some 

fungi (Candida species) but not completely resistant to gram-negative bacteria [5]. 

Cyperus rotundus L. has a high content of polyphenols, which is contributing to the valuable medicine 

capable of treating a number of diarrhea, abdominal pain, and digestive disorders. Total flavonoids contents 

in methanol extracts of Cyperus rotundus (8.15÷18.25 mg CE/g of dry matter) were higher as compared to 

ethanol extracts (6.44÷13.77 mg CE/g of dry matter). Total phenolic contents in methanol extracts of 

Cyperus rotundus (27.40÷37.85 mg GAE/g of dry matter) were also higher as compared to ethanol extracts 

(25.21÷30.23 mg GAE/g of dry matter) [6]. 

For polyphenol compounds in Cyperus rotundus L., most of the studies focused mainly on the antioxidant 

activity, and just a few studied their antibacterial activity. Therefore, this study aimed to focus on the 

optimal extraction conditions of polyphenol compounds from Cyperus rotundus L. root and evaluating the 
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antibacterial ability of the extract against the two common pathogenic bacteria strains Staphylococcus 

aureus and Escherichia coli. 

2. MATERIALS AND METHODS  

2.1. Plant material and sample preparation 

The roots of Cyperus rotundus L. roots were collected from Ham Thang Commune, Ham Thuan Bac 

District, Binh Thuan Province (Vietnam). Roots were fresh, undamaged with black skin, and ivory white 

inside. Fresh roots were collected, packed, and transported to the laboratory within 1 to 2 days after harvest. 

The tuber moisture content was about 46% ÷ 47%. 

The roots were then washed, sliced, and dried at 60oC until the moisture content of less than 12% was 

obtained. The slices were ground to a fine powder (<0.5 mm) and packed under vacuum conditions. 

 
 

Figure 1. Cyperus rotundus L. roots 

2.2. Chemicals 

Ethanol: purity 100%, Vietnam.  

Acid galic: Sigma, Aldrich USA. 

Folin-Ciocalteu: Sigma, Aldrich USA. 

Dimethylsulphoxide (DMSO): Sigma, Aldrich USA. 

Mueller-Hinton media (MHA): Beijing, China. 

Nutrient broth (NB): Beijing, China. 

2.3. Bacterial strains 

The following bacteria were used: Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922 

that were supplied from the breed collection of the Southern Institute of Biotechnology and Microbiological 

Application (SIAMB). 

2.4. Extraction of phenolic compounds 

Root powder (1 g) was extracted using deionized water and ethanol (50%, v/v) as a solvent. The optimal 

solvent was test as a mixture with water at the different concentration (30, 40, 50, 60 and 70%, v/v), 

solvent/material ratio (10/1, 20/1, 30/1, 40/1 and 50/1, mL/g), extraction time (10, 20, 30, 40 and 50 

minutes). The obtained extracts were filtered and evaporated in vacuum condition, then they were 

determined TPC. 

2.5. Total polyphenol assay 

The total polyphenol content of Cyperus rotundus L. roots was quantified by the Folin–Ciocalteau reagent. 

Aliquots of test samples (100 μL) were mixed with 2.0 mL of 2% Na2CO3 and incubated at room 

temperature for 2 min. After the addition of 100 μL 50% Folin–Ciocalteau phenol reagent, the reaction tube 

was further incubated for 30 min at room temperature, and finally, absorbance was read at 720 nm. Gallic 
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acid was used as a standard. TPC was expressed as mg of gallic acid equivalents per g of dry weight (mg 

GAE/g DW) [7]. 

2.6. Antibacterial assay 

The paper disc diffusion method for antibiotic susceptibility testing was used, according to the Kirby-Bauer 

test [8]. The sterile paper discs of 6 mm diameter were prepared using various concentrations of 

preservatives; gentamicin (10 μg/disc) was used as a positive control to compare the antibacterial activity; 

5% dimethylsulfoxide (DMSO) was used as a negative control. Firstly, 100 μL of bacteria suspension (0.5 

McFarland standard, approximately 1.5x108 cfu/mL) was spread on the surface of the Mueller-Hinton agar 

media for bacterial strains. Then, sterile paper discs were impregnated with 20 μL of each of solutions. The 

dishes were incubated for 24 hours at 37oC for bacterial strains. After that, the zones of inhibition were 

expressed in mm, as the diameters of clear zones around the discs. 

2.7. Minimum inhibitory concentration (MIC) 

MIC was determined according to the method described by Kubo et al. (2004) with minor modifications. 

Briefly, the extraction solution was prepared in DMSO. Two-fold serial dilutions of essential oil were 

prepared in a sterile NB medium ranging from 0.125 to 10 mg/mL. To each tube, 50 mL of the inoculum 

containing approximately 1x107 cfu/mL of bacteria were added. A control test containing inoculated broth 

supplemented with only DMSO was also performed. The tubes were then incubated at 37oC and examined 

for evidence of the growth. The MIC was determined as the lowest concentration of the essential oil that 

demonstrated no visible growth for incubating for 24 h [9]. 

2.8. Statistical analysis  

The experiments were randomly arranged and performed in triplicate with one or two variable factors. 

ANOVA was the software employed to conclude the discrepancy between the average of the tests. Data 

were collected and processed statistically using Statgraphics Centurion 15.2 software. And. Excel software 

was used to calculate the average and standard deviation. The results of the previous experiment were 

selected as fixed parameters for the following experiments 

3. RESULTS AND DISCUSSION 

3.1. Effect of solvent/material ratio on the extraction of total polyphenol content (TPC)  

The most important parameter that affects the polyphenols extraction process is the solvent/material ratio. 

A proper ratio choice will improve TPC. TPC of extracts from the solvent/material ratios have significant 

difference (pvalue<0.05). The optimal results of TPC obtain 32.81 mg GAE/g DW at a solvent/material 

ratio of 20/1 (Figure 2) and this ratio is chosen for the next experiments. The increase of the solvent/material 

ratio can promote an increase in diffusion rate; resulting in an increase in TPC and the extraction process 

is stopped when equilibrium obtains the optimal value. 

 

 
Figure 2. TPC of extracts at various material/solvent ratios 
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When the ratio of solvent/material was increased, the polyphenol content also increased accordingly. 

However, at a low ratio, the amount of solvent is not enough to motivate the permeation and diffusion into 

the material, and the extracted compounds are not completely dissolved into the solvent [10]. And in 

contrast, at a very high ratio, the ability of polyphenols to dissolve into the solvent is limited. This extraction 

process is consistent with mass transfer principles; the driving force during mass transfer is the 

concentration gradient between liquid and solid [11]. However, the high solvent/material ratio means more 

energy and time are required to optimize the extraction process. Besides, a low solvent/material ratio could 

create difficulties in the filtration process, be absorbed by dry material [12] and not extracted completely 

phenolic compounds from materials. 

3.2. Effect of ethanol concentration on extraction of total polyphenol content 

Many studies have shown that the solvent system was one of the most important factors in the extraction 

of polyphenols from plants. The choice of solvents to be used can greatly affect both the type and amount 

of phenolic compounds extracted [13, 14]. The solubility of phenolic compounds is greatly influenced by 

the polarity of the solvent used. The effects of ethanol concentration on TPC are performed in Figure 3 and 

have a significant difference (p < 0.05) on the extraction process of TPC from Cyperus rotundus extracts. 

The optimal result reaches at an ethanol concentration of 50% (v/v), TPC is 34.46 mg GAE/g DW and then 

it decreases with further increase in the ethanol concentration of the extraction process. 

 

 
 

Figure 3. TPC of extracts at various ethanol concentrations 

 

According to the research results, the TPC content increased rapidly at the concentration of 30% to 50% 

and decreased at the concentration of 50% to 70%. In this study, the properties of the solvent can be changed 

when combining different solvents (ethanol and water), which allows the solvent selectivity for different 

phenolic compounds [15]. The small amounts of water in the solvent make possible the diffusion of water 

into the cells of a plant, leading to better heating and facilitating the transport of bioactive substances into 

the extracting solvent at higher mass transfer rates [16]. Conversely, the large amounts of water can solve 

many different organic compounds as sugar, protein which affects TPC [17] and water is also quite 

important in polyphenols extraction process, it has a good polarity (high dielectric constants), hence the 

extraction efficiency is better [18]. Accordingly, the organic solvent combines with water creating a 

moderately polar solvent which ensures the optimal extraction of phenolic compounds.  

From obtained results, an ethanol concentration of 50% is the optimal condition for the next experiments. 

3.3. Effect of extraction time on the extraction of total polyphenol content 

Extraction time also plays an important role in the entire extraction process. Proper timing does not only 

benefit extraction efficiency but also brings back some economic benefits, such as saving time and energy. 

Extraction time is an important factor that influences the polyphenols extraction process. The effect of 
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extraction time on TPC of extracts has a significant difference (p<0.05) and the results show in Figure 4. 

At extraction time of 20 minutes, TPC achieves the maximum value of 36.91 mg GAE/g DW. 

 

 
 

Figure 4. TPC of extracts at various extraction times 

 
TPC content increased rapidly from minute 10 to 20 and gradually decreased from minute 20 to 50 (Figure 

4). The longer the extraction time is, the higher the possibility of oxidation of polyphenol compounds by 

exposure to atmospheric oxygen and sensitivity to ambient light is. And if the extraction time is too short, 

there is not enough time for the solvent to completely extract the polyphenol compounds. Longer extraction 

time tends to improve the extraction yield. However, extraction efficiency is insignificant with a longer 

time [19]. The dielectric properties of the organic solvent also influenced irradiation time and it may heat 

up rapidly on longer exposure [20] it can affect the TPC of extracts. 

3.4. Effect of polyphenols extraction on zone of inhibition of bacteria  

The extract from Cyperrus rotundus L. root was resistant to the two bacterial strains E. coli (Gram negative) 

with a minimum concentration of MIC=640 mL/mL and the zone inhibition diameter of 13.67 mm (Table 

1) and S. aureus (Gram positive) with a minimum concentration of MIC=160 mL/mL and the zone 

inhibition diameter of 9 mm (Table 1). Between the two strains, Cyperrus rotundus L. root extract was 

more resistant to S. aureus than to E. coli. 

 
Table 1. Zone of inhibition of polyphenols extraction 

 

 

Concentration of polyphenols extraction 

(mL/mL) 

Zone of inhibition (mm) 

S. aureus E. coli 

40 - - 

80 - - 

160 9 ± 0.57Aa - 

320 9.33 ± 0.8Aa - 

640 11.33 ± 0.91Ba 13.67 ± 0.95Ab 

DMSO 5% - - 

Gentamycin 10µg/disc 18.56 ± 1.15Ca 25 ± 1.06Bb 

-: “not detected”. 

Various lowercase letters in the same row denote the significant difference (p<0.05). 

DMSO has been well known as a solvent capable of dissolving both polar and non-polar compounds. At a 

concentration of 5%, DMSO can dissolve the extract from Cyperrus rotundus L. root. Besides, 5% DMSO 
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was also used as a negative control. This is the typical solvent used as a negative control and did not show 

any antibacterial activity against the studied bacteria. Many antibacterial studies have used DMSO as a 

negative control, such as a study by Nitiema et al. (2012) [21], in which two phenolic compounds coumarin 

and quercetin were proven resistant to E. Coli and Salmonella. In another study by Su et al. (2015) [22], 

the extracts of Polygonum cuspidatum with different solvents were proven resistant to S. aureus. This 

proved that this is the most common solvent used as a negative control which is quite effective and error 

avoidable during the experiment.  

Gentamycin as a positive control had the significant effect on the 2 bacterial strains. With the same 

concentration (10 µg/disc), the antibacterial ability of gentamycin against each bacterial strain was 

different. E. coli was more sensitive to gentamycin than S. aureus. Gentamycin is a compound belonging 

to aminoglycosides, which inhibits protein synthesis and disrupts the entire bacterial cell membrane. 

Through water channels, gentamycin diffuses into the bacterial cells and is transported across the 

cytoplasmic membrane by energy from the electron transport system of oxygen transport. After crossing 

the membrane, gentamycin will be quickly transported to attach to bacterial ribosomes, inhibiting protein 

synthesis and reducing the accuracy of messenger RNAs, leading to wrong combinations of amino acids in 

polypeptide chains of bacteria [23]. This is a typical and common antibiotic used as a positive control 

against many different bacteria. 

4. CONCLUSIONS 

The result showed that the optimal conditions for the TPC extraction from Cyperrus rotundus L. roots 

included: ethanol concentration of 50% (v/v); solvent/material ratio of 20/1 (v/w), and extraction time of 

20 minutes.  TPC achieved reached up to 36.91 mg GAE/g DW. 

The results of this study demonstrated that the effective antimicrobial action of preservatives when used 

individually and polyphenols extracted had the best antibacterial capacity. The combination of MIC and 

the paper disk diffusion method lead to a new outlook on the antibacterial method. 
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Abstract. After defossilization, chemical products can be obtained via two main routes. Carbon can be 

obtained by direct sorption of carbon dioxide from the atmosphere. An alternative is the use of biomass. 

While capturing carbon dioxide from the atmosphere and activating it for chemical reactions requires large 

amounts of energy, biomass production uses solar energy but requires large areas of fertile land that 

compete with food production. Thus, the two pathways differ significantly in their requirements and 

limitations. Which pathway should the chemical industry invest in? 

Applying chemical engineering principles such as balances for energy demand, land area, food production, 

and atmospheric CO2 levels provides fundamental insights into detailed consequences. The grand 

challenges of humanity and planetary boundaries are considered as boundary conditions. For example, it 

must be recognized that we not only need the renewable-energy transition. In addition, we need to actively 

remove carbon dioxide from the atmosphere to stop sea-level rise, otherwise, for example, large parts of 

the Mekong River Delta, one of the global rice baskets with an average elevation of only 0.8 m above 

current sea level, could be flooded by the South China Sea by the end of the century, according to the 

IPCC's worst-case scenarios. As a result of the assessments, it is clear that atmospheric carbon dioxide is 

not the optimal carbon feedstock, as high energy demand will significantly slow the renewable-energy 

transition and lead to excessive annual additional costs in OECD countries. Only a bioeconomy is 

economically feasible. This, in turn, requires a significant shift in dietary habits to stay within planetary 

boundaries. The assessment also shows that first-generation biomass should be used, leading to simple 

processes and creating synergies with food production. 

 

Keywords. BECCU, bioeconomy, biomass, biomaterials, carbon feedstock, CO2-economy, DACCU, food 

security, planetary boundaries, scenarios, sustainability 

1. INTRODUCTION 

With the UN Sustainable Development Goals (SDGs) and the COP21 Paris Agreement, humanity has 

agreed to save the climate and limit climate change as much as possible. This means replacing all fossil 

carbon sources by about 2050. On the other hand, humanity is largely dependent on carbon-based materials 

such as polymers and food, which are supplied by the chemical industry and agriculture. A fundamental 

question for the chemical industry is how to meet the demands in the future after defossilization.  

At the same time, the Earth system will not be stable even if climate change is halted. For example, sea 

levels will continue to rise. Today, with climate change at about 1.2 K above pre-industrial levels, sea level 

rise is about 4.5 mm per year. Since temperatures will rise until fossil resources are replaced, even higher 

temperatures are expected by then, possibly above 1.7 K [1, 2]. Sea-level rise due to the melting of the 

Greenland and West Antarctic ice sheets and thermal expansion of the oceans will accelerate accordingly. 

By the end of this century, sea level rise is expected to exceed 1 m in worst-case scenarios. This will put 

significant pressure on large parts of humanity, as many people live near the coast and large parts of fertile 

agricultural land are at a rather low elevation. For example, the Mekong River Delta, one of the world's 

most important rice-growing areas, is on average only 0.8 m above sea level [3]. In a worst-case scenario, 

large parts of this region could be flooded, or at least experience saltwater intrusion, leading to a significant 

increase in global hunger. The currently expected method to stop sea-level rise and stabilize the Earth 

system is to use so-called negative emissions, i.e., the active removal of carbon dioxide from the 



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   115 

atmosphere. This can be accomplished in two ways. Either sorption techniques or biomass production can 

be used to remove CO2 from the atmosphere. Sorption techniques are referred to as DACCS (Direct Air 

Carbon Capture and Storage), while for a biobased approach there are various options such as afforestation, 

peat rewetting, or BECCS (Bioenergy with Carbon Capture and Storage). DACCS corresponds to a carbon 

economy, while the biobased approach would correspond to the bioeconomy concept.  

The two approaches differ significantly. At the same time, both approaches would require large 

investments. An important question, therefore, is whether there is any evidence to indicate which approach 

will be successful and what that might mean for our daily lives. In the following, the advantages and 

disadvantages of the two approaches are briefly characterized. Since this assessment is based on global 

balances, these will be presented first so that clear conclusions can then be drawn about the viable path and 

the corresponding consequences.  

2. GLOBAL BALANCES WITH BASE 

To quantitatively assess future global development, global balances are used for a number of variables: 

food, energy, materials, carbon dioxide, and fertile land area. This set of variables was chosen because it 

allows describing the competition between bioeconomy, BECCS, or other bio-based negative emissions 

and food production for fertile land, the future evolution of energy demand and how it will be met 

sustainably, and the CO2 or biomass demand for materials production. The respective demand is driven by 

world population trends, using projections from the UN World Population Prospects [4]. Based on the 

global balances, a scenario explorer BASE (balance-assisted scenario explorer) was developed, which 

evaluates the balances and is freely available [5]. Based on past development characterized via publicly 

available databases e.g. food production and energy demand, scenarios for future development are then 

created by projecting past trends into the future [4, 6, 7]. This includes, for example, assessing past trends 

in area-specific crop and livestock food productivity and the rate at which the transition to renewable energy 

is taking place. Based on such a projection, different scenarios can then be created by varying some key 

variables using levers on the BASE control panel, as shown in Figure 1. The results of some key balances 

are shown directly in graphical forms, such as the distribution of energy supply among the various sources 

and how the available fertile land area is allocated to the various uses. Additional graphs are available on a 

separate BASE Excel sheet that essentially characterize past and future trends for all individual variables. 

Below the graphs on the BASE control panel, serious warnings are issued when physical planetary limits 

are reached, e.g., when there is not enough fertile land area to meet all the requirements selected via the 

sliders. Slight warnings indicate that additional policy efforts may be required to achieve the scenario 

selected using the sliders, for example, to achieve sufficient societal acceptance for underground storage of 

CO2. All data sources and details of the evaluation are documented in a separate sheet of BASE [5]. 

3. CO2-ECONOMY  

The implementation of DACCS/DACCU (Direct Air Carbon Capture and Storage/Usage) has the advantage 

of not requiring fertile land, as would be the case with the bioeconomy. Also, it seems promising to simply 

use a technology to realize negative emissions and provide carbon-based chemicals. This means that no 

other significant changes, such as in dietary habits and the way fertile soils are used, would be required. 

CO2-based e-fuels would also not require significant changes in internal combustion engines for trucks, 

cars, and ships. The disadvantages of adopting a CO2-economy are energy consumption and cost. A very 

wide range of cost estimates has been proposed in the literature, ranging to $50 per ton of carbon dioxide 

and below by 2050. These estimates have been reviewed in detail by several authors [8, 9]. It turns out that 

the low values are due to overly optimistic assumptions. It is usually assumed that learning curves with 

learning rates of, for example, 10% can be used to estimate future cost trends. This means that the costs 

decrease by this percentage for each doubling of the installed capacity. Two aspects are usually overlooked. 

First, sorption processes are already well established, so such high learning rates cannot be realized. Second, 

thermodynamics requires a minimum energy demand for the sorption-desorption cycle, below which the 

energy demand cannot fall, even though learning rates. Other studies use only rough estimates of the cost 

contribution that, for example, are not based on experimental results or do not consider process non-

idealities. 

 



International Symposium for Green Solutions (ISGS 2022) 

116  ©2022 Industrial University of Ho Chi Minh City                                                                                

 

Figure 1: Screenshot of the BASE scenario explorer realized in MS Excel showing the reference scenario, with 

which the Earth system can be stabilized while supplying sufficient food and materials to everybody [5] 

There are few reliable cost estimates for direct air carbon capture (DACC). Keith et al. [10] have run a pilot 

scale process and used the data obtained along with Aspen simulations to arrive at reliable cost estimates 

for various process options. Unfortunately, they assume natural gas or a mixture of natural gas and 

electricity as the energy source. Again, since natural gas is a fossil resource, it should be replaced with 

stabilized electricity at, for example, about $50 per MWh including grid costs, which then leads to a value 

of $190 per ton of carbon dioxide as an average for the various options for an Nth plant delivering the CO2 

at 15 MPa. Based on the evaluation of minimum energy demand, Bui et al. [8] estimate a value of $300 per 

ton of CO2 as a minimum value. Both values are consistent with the assessments of Fuss et al [9], who 

carefully evaluated the literature values and judged the assessment methods used. 

To estimate the total global cost of DACC, the amount of CO2 to be sequestered must be estimated. In the 

context of a CO2-economy, two contributions must be considered, the amount required for DACCS and the 

amount required for DACCU. To stabilize the Earth system and halt sea-level rise, it is estimated that an 

atmospheric CO2 concentration of 350 ppm, reached in the 1980s, would be desirable [11, 12]. This 

corresponds to a net CO2 emission of 1200 Gt since industrialization, whereas we have now reached a level 

of 2400 Gt. So, from past emissions, we would need to remove 1200 Gt from the atmosphere. Using the 

scenario explorer described above, based on global balances, it is projected that if we increase the annual 

installed capacity of wind turbines and solar PV by 20% per year, as we do today until we replace 3% of 

fossil technology with renewable technology each year, another 800 Gt CO2 will be emitted. This limit of 

3% is a realistic economic limit because, given the current lifespan of such plants of up to 30 years, such a 

replacement rate would be required after the renewable-energy transition to maintain the proper continuous 

operation of the equipment then in place. While this is not a hard limit, increasing production capacity 

beyond this level would mean that the surplus would have to be decommissioned once the renewable-

energy transition is complete. Thus, to stabilize the Earth system with such an assumption of renewable-

energy transition, which is still relatively optimistic, a total of at least 2000 Gt of CO2 would have to be 

removed from the atmosphere.  

If this is to be realized via DACCS within a reasonable timeframe of 100 years, it will require 20 Gt of CO2 

removal annually. At a cost per ton of US$190, this amounts to US$3.8 trillion annually or 4.5% of global 

GDP. Since it is mainly the industrialized countries, here assumed to be OECD countries in accordance 

with the UN notation, that are responsible for these emissions and only they will be able to bear these costs, 

this amounts to about US$ 2785 per person per year for 100 years. So, a typical family with 4 family 
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members would have to pay 11000 US-$ per year. In Germany, this corresponds to 3 months of the average 

household income. 

There are additional global costs for the production of CO2-based materials and e-fuels in the scenarios. 

The scenarios assume that regions that are poorer today will continue to develop in the future so that 

ultimately everyone will have comparable consumption. Richer regions, on the other hand, are assumed to 

decrease consumption to this global-average value. This results in 8.5% of today's global GDP, or $570 per 

capita cost, for DACC and conversion to fuels and materials, with $100 per capita used for DACC and the 

remainder for conversion energy realized by reaction with renewably generated hydrogen. 

The cost of DACCU could be manageable, while that of DACCS is unlikely to be. One reason is that only 

developed countries share the cost of DACCS, while DACCU is shared globally. In addition, the amount 

of CO2 captured is a factor of 3 less for DACCU than for DACCS based on the scenario assumptions. The 

scenario simulations also indicate that DACCU slows down the renewable-energy transition. Even if 

DACCU is not implemented until near the end of the transition to renewables, defossilization is not 

complete until DACCU is fully implemented. It is estimated that the deployment of such a large-scale 

technology will take about 20 years, during which time energy demand will increase significantly, 

especially for the hydrogen needed to chemically activate the CO2. This, in turn, leads to an additional time 

requirement of more than 20 years for the renewable-energy transition and a corresponding additional 0.2 

K increase in the maximum global mean temperature reached. Finally, it should be mentioned that the 

dimensions of the required plants are gigantic. For example, it is sometimes suggested that emissions from 

a fossil power plant could be offset by negative emissions via DACCS for a transition period to facilitate 

the transition. Using available design data [10], to compensate for emissions from a lignite-fired power 

plant, e.g., at Weisweiler near Aachen, Germany, assuming that the fans and sorption units are stacked as 

high as the cooling tower of 128 m, the length of the CO2 collector would have to be 7 km. A lower height 

would have to be compensated by a corresponding increase in length. Since 75% of the CO2 is removed 

from the air by the process, it is also likely that the land behind the CO2 collectors would have little 

agricultural use. 

Both the cost and the worsening of global temperature reached are unacceptable. This in turn means that 

the CO2-economy should not be established on a large scale. Only in niches where essentially free surplus 

energy is available can utilization of CO2 be favorable on a medium scale. This also means that the main 

contribution to negative emissions, as well as to the liquid fuels still required, must be generated from 

biomass. 

4. BIOECONOMY 

In the context of a bioeconomy, negative emissions can be realized through a variety of means. Since a 

significant amount of fertile land is needed to produce bio-based negative emissions, some diversity is 

required. For example, it is not possible to produce bioenergy on every type of fertile land. To achieve a 

certain level of diversity that allows large portions of fertile land to be used, the biobased scenario assumes 

that 650 Gt of CO2 would be sequestered through reforestation and rewetting of peatlands, as well as 

through systematic humus buildup in agriculture through organic farming. Only the remaining CO2 would 

need to be captured by BECCS or bio-based alternatives, so it will again take about 100 years for us to 

stabilize the Earth system. One of the bio-based alternatives is the incorporation of biochar, obtained by 

hydrothermal carbonization, into the soil. This can improve soil quality in some cases, but has the major 

drawback that it cannot be reversed if at some point humanity finds that biochar has negative side effects 

when applied on a large scale, such as altering soil albedo [9]. Therefore, BECCS is used here as a 

characteristic of biobased negative emissions, in part because the amount of CO2 sequestered per land area 

will be of comparable magnitude for the different biobased options. 

As a base case, a reference scenario was simulated using BASE, as shown in Figure 2, which provides 

sufficient food for all people by increasing the global calorie supply by about 10%. For ships, airplanes, 

and a few chemical processes, it is assumed that 8% of the primary energy demand estimated on the basis 

of the substitution method is provided as bioenergy. For organic farming with systematic humus build-up, 

an additional land requirement of 15 % is assumed to compensate for the reduced land-area specific 

productivity. A further 12 % of agricultural land is reserved for biodiversity stabilization and 15 % for 

afforestation, which also includes the area for the rewetting of peatlands. 
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Figure 2: Sustainable reference scenario obtained from global balances, which allows for 3.3% of the calories 

supplied by animal-based food with the UN medium variant of world-population projection [5] 

The BASE results show that if the world population develops according to the medium UN variant, the 

remaining fertile land area is only sufficient to produce a contribution of 3.3% of the human calorie intake 

from animal-based food. If the world population develops according to the high UN variant, no more 

animal-based food can be provided and the land area will still be insufficient after 2060 to achieve all the 

above sustainability goals. Compared to today's global average animal-based caloric intake of about 17.5%, 

it is clear that a bio-based economy would not allow for a significant animal-based contribution to human 

nutrition. Figure 2 shows that a bioeconomy is possible in principle, including a sufficient amount of 

negative emissions, sufficient human nutrition, and keeping within physical planetary boundaries. On the 

other hand, opting for a bioeconomy that includes biobased negative emissions, biobased production of 

carbon-based materials, and biofuels means that if liquid fuels cannot be avoided, animal-based food supply 

must be abandoned. The simulations show that the animal-based diet is detrimental to the planet not only 

because of its excessive contribution to greenhouse gas emissions but more importantly because, as shown 

in Figure 2 through 2021, it takes up so much land which humanity desperately needs to meet the land 

requirements necessary for sustainability and a stable Earth system. If the human diet is converted to vegan, 

a bioeconomy within planetary boundaries is only just possible, based on established technologies, with 

limited financial resources, and a sufficient food supply for everyone. 

It should be emphasized that the BASE simulations presented in Figure 2 are optimistic. For example, it is 

assumed that land-area specific agricultural productivity continues to increase as it has in the past, as shown 

in Figure 3. The median variant of the UN projection of world population may also be optimistic, as it has 

been regularly shifted to higher values from update to update over the past 20 years. If this trend continues, 

the world population would be higher than projected and the available land area correspondingly lower. 

Less optimistic assumptions can be selected using the sliders on BASE's control panel, which regularly 

show that humanity is currently living beyond the upper limit of planetary boundaries and, even with a 

vegan diet, right at their upper limit. It is clearly not possible to achieve sustainability with our current 

global average lifestyle. 
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Figure 3: Past development of land-area specific agricultural productivity and projection used (dashed overall curve) 

in simulating the reference scenario with the balance-based scenario explorer 

5. CONCLUSIONS 

The simulations with BASE show that global balances are well suited to obtain a quantitative understanding 

of the relationships between the influencing variables under consideration. The advantage of BASE is that 

the individual influencing variables can be varied easily and the result is directly visible. This allows a deep 

insight into these interrelations and the quantitative consequences of individual and political decisions, 

which is actually fundamentally necessary if a complex ecological system is to be managed, as Dörner has 

shown for example in his Tanaland study [13, 14]. 

On the other hand, BASE does not allow a detailed assessment of causes for individual developments. Such 

details are available in the Integrated Assessment Models (IAMs) used as the basis for the IPCC assessment 

reports [2]. For example, it is not possible with BASE to examine how climate change affects regionally 

resolved agricultural productivity. Rather, BASE only considers total global-average productivity as an 

input. This global productivity can, of course, be determined for each scenario simulated with the IAMs, 

and the global-level IAM scenario result must then match the BASE result if these globally averaged values 

are used. Thus, the modeling can be considered to be divided into two levels:  

 a coarse level, represented in BASE, based on global balances that provide an understanding of the 

system but do not allow detailed insights into original causes or locally resolved effects, and 

 a detailed level presented in IAMs, which allows regional resolution and insights into original 

causes, but is too complex and time-consuming so that only selected so-called shared 

socioeconomic pathways (SSPs) are simulated. This makes it difficult to gain an understanding of 

the system as a whole. 

Comparing land use around 2020 and shortly after 2050 in Figure 2, it is clear how far beyond planetary 

boundaries humanity is currently operating. The land areas shown after 2050 indicate how much land would 

actually be needed for sustainable management of the Earth. Instead, we use this land today for the 

production of animal-based food. With 10% of humanity currently undernourished, and at the same time 

South American rainforests being burned down to produce more soy and meat, it is obvious that this does 

not apply only to the period after 2050. The Russian attack on Ukraine with its negative consequences for 

the availability of wheat on the world market further worsens today's situation. We are already today living 

well beyond the physical limits of the planet.  

In choosing between a CO2-economy and a bioeconomy, it has become clear that we cannot afford a CO2-

economy, even if it is favored by industry [15]. The only remaining option, establishing a bioeconomy, can 

be afforded because BECCS is significantly cheaper than DACCS, since the energy supplied by BECCS 

creates some income and the scale of the conversion processes is much smaller. DACCS is expensive 
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because it deals with low concentrations of CO2 in the atmosphere that need to be captured, and it only 

creates costs to undo what humanity has done over the last 40 years, but no revenue. On the other hand, it 

is obvious that a shift to a vegan diet is a prerequisite for not exceeding planetary boundaries. But with this 

shift in diet, the bioeconomy is feasible and allows us to produce enough food for everyone. Therefore, 

industry should focus on building a bioeconomy. Figure 2 shows that even with a bioeconomy, it is possible 

to adequately feed humanity and meet all sustainability requirements without exceeding planetary 

boundaries. Therefore, the bioeconomy should be promoted while clearly and openly communicating the 

necessary shift in human nutrition to a vegan diet. This finding is essentially in line with the studies on 

planetary-healthy diets [16], which call for a significant reduction in animal-based foods, but do not 

consider the land area needed to remove CO2 from the atmosphere through afforestation, peatland rewetting, 

and BECCS, nor the land area needed to produce biomaterials. 

Finally, there is the question of which biomass should be preferred [17]. Usually, three generations of 

biomass are distinguished: 

 First-generation biomass is biomass that is used for biofuel or biomaterial production and could be 

used directly for human nutrition, such as wheat, corn, oil palm, or sugarcane, 

 Second-generation biomass is biomass that can be grown on the same land as crops for human 

consumption but cannot be directly consumed, such as miscanthus, short-rotation wood, or jatropha, 

 While the inedible remains of crops for human consumption are typically considered third-generation 

biomass.  

First-generation biomass was originally used for the production of biofuels. After realizing the direct 

competition with food supply, second-generation biomass was later preferred. When it was then realized 

that the competition was actually for the area and not for the material itself, the third generation was 

proposed as the solution. From the above considerations on bioeconomy, it is clear that the limiting factor 

is actually the land-area requirement. At the same time, it was explained that systematic humus formation 

is an essential element in removing CO2 from the atmosphere. This will also help agriculture to cope with 

climate change, as soil water management is supported by humus. Therefore, only a fairly limited portion 

of waste biomass can be used for a bioeconomy, as most should be returned to the soil. This in turn means 

that third-generation biomass would have to be collected from a very large region to be fed to a centralized 

facility [17]. Decentralized treatment would be difficult due to the diversity and complexity of third-

generation biomass. Process complexity itself is also an additional barrier to the use of third-generation 

biomass. Second-generation biomass, on the other hand, is still quite complex, i.e., lignin or cellulose would 

have to be used as feedstock for biofuels or biomaterials. At the same time, the land-area requirement is 

quite comparable to that of first-generation biomass [17]. So, since the land-area requirement is the 

determining factor, there is actually no reason to favor second-generation biomass over first-generation 

biomass. Indeed, first-generation biomass has three major advantages: 

 The processes for producing biofuels and biomaterials are relatively simple and already established, 

many of them on a large scale.  

 Only with first-generation biomass are synergies with human nutrition possible, since a side stream 

can be produced that can be used directly for human nutrition. An example of this is the separation 

of the protein from the grains for human nutrition, while the starch is used as a feedstock for 

chemicals and fuels.  

 In the event that climate change threatens the world's food supply in some years, it is also possible 

to shift biomass from non-food use to direct food use. 

This discussion shows that first-generation biomass is actually preferable for building a bioeconomy, 

leading to simple processes and manageable biomass logistics, while allowing synergies with food supply 

to be leveraged.  

Thus, the global balances show that only bioeconomy is feasible and that first-generation biomass should 

be preferred. Adequate nutrition for humanity can then only be realized through a switch to a vegan diet. 

Deriving these conclusions from global balances implies that they apply to every country, including 

Vietnam. For example, even in Vietnam, where the share of animal calorie supply is currently 21%, above 

the global average, there would need to be a shift to an essentially plant-based diet. This would free up land 

currently used for feed production, for example, which could then be used to promote sustainable supply 

through bioenergy or biomaterials. 
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Abstract. Treatment of high-strength wastewater generated from industries is essential due to a variety of 

recalcitrant compounds normally existing. In this study, a high-strength wastewater treatment plant 

(WWTP) in Vietnam with a capacity of 200 m3/day was investigated to demonstrate the performance in 

satisfying the stringent discharge standard (i.e., Vietnam national technical regulation on industrial 

wastewater, QCVN 40:2011/BTNMT, level A). The treatment comprises 2 main steps including (i) 

physico-chemical pretreatment by Fenton-related advanced oxidation process (AOP) accompanied by 

coagulation, and (ii) membrane system by microfiltration (MF) and reverse osmosis (RO). The pre-

treatment processes were operated based on optimal conditions which were experimentally determined to 

ensure the feeding of membrane filtration. For RO membrane system, the plate frame RO (PFRO) and spiral 

wound RO (SPRO) were used for 2-stages treatment to obtain high-quality permeate, while the high 

pressure (HP PFRO) module was employed for recovering concentrated streams. The treatment efficiency 

was evaluated by the removal of COD, heavy metals, and the water recovery rate. Results showed that 

during 5 months of on-site operation under optimal conditions, significant COD removal efficiency of 

26.23%, 19.64%, and 99.62% was found at Fenton, coagulation, and SPRO units, respectively. The heavy 

metal concentration (i.e., Cu, Fe, Zn, Mn, Cr) measured in the output of WWTP also satisfied the allowable 

discharge levels. In addition, the high recovery rate of permeate can be obtained from different RO modules 

(i.e., PFRO 56%, HP PFRO 9.11%, especially SPRO > 80-90%) due to the differences in feeding flows. 

The stability of treatment efficiency and the ability to satisfy the discharge regulation were also presented. 

Thus, this study can be used as a technical database for the operation and management of the WWTP. It 

also demonstrated the potential of wastewater reuse which may help to overcome the operational cost and 

achieve the sustainability. 

 

Keywords. High-strength wastewater; Advanced oxidation process; Fenton; RO membrane; Water 

recovery rate. 

1. INTRODUCTION 

Wastewater (WW) from typical industries, such as semiconductor and nano-electronics manufacturing, is 

highly contaminated due to various chemicals, organic solvents, and oil normally used in most processes 

(Liu 2017, Noor et al. 2019). Metal-rich solution or metal-laden WW is also released from the 

manufacturing of electronic devices and metal electroplating. Copper, cadmium, iron, lead, zinc, mercury, 

chromium, and silver are the greatest concern in treatment of these effluents (Shi et al. 2017). Their high-

strength properties (i.e., non-biodegradability, persistence, and accumulation of toxic compounds) cause 

serious effects on the environment. Heavy metal toxicity, for instance, is reported by several studies 

(Sankhla et al. 2016, Azimi et al. 2017). Therefore, the management and treatment of high-strength WW 

are crucial to eliminate toxic pollutants before discharging into the receiving sources. 

The elevated toxic content of high-strength WW makes biological treatment methods unfeasible. In 

contrast, physicochemical methods, such as membrane filtration, ion exchange, adsorption, 

nanotechnology, electrochemical, and advanced oxidation, have been commonly employed for treatment 

of different toxic WW sources (Ahmed et al. 2017, Azimi et al. 2017). Membrane filtration, especially 
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reverse osmosis (RO) membrane, has been popularly reported as a feasible method since it can remove 

most recalcitrant contaminants and produce high-quality treated water (Deng et al. 2016, Aslam et al. 2017). 

RO membrane can be also employed to make treated WW reusable for different purposes (Obotey Ezugbe 

and Rathilal 2020). However, physicochemical pretreatment of toxic WW is strictly required for RO system 

to avoid membrane destruction and maximize the performance (Trishitman et al. 2020). Advanced 

oxidation processes (AOPs), such as Fenton process, have been applied for treatment of high-strength WW 

since strong oxidants can readily degrade persistent organic pollutants (POPs), break down long chain 

substances, and decrease COD concentration (Deng and Zhao 2015). Also, coagulation can help to increase 

the removal of organic matter and suspended solids (SS). The combination of Fenton and coagulation as 

pretreatment of RO process is expected to ensure the treatment efficiency of highly-strength WW. Several 

studies have investigated RO membrane for treatment of high-strength WW, however, a complete process 

including pretreatment steps and membrane stage with real toxic WW has not been examined much.  

In this study, a high-strength wastewater treatment plant (WWTP) located in Bac Ninh province, Vietnam, 

with a capacity of 200 m3/day, was investigated. The effluents from different industrial factories (i.e., 

electronic manufacturing, metal electroplating, painting process, waste gasoline) in local areas were 

collected to WWTP. For treatment process, Fenton-based AOP and coagulation serve as the pretreatment, 

while reverse osmosis (RO) membrane modules are the main unit of the system to produce treated water. 

The system has just been constructed and equipment installed, however, the stable operation mode has not 

yet been obtained. The testing period before the full operation should be conducted to investigate the 

adaptability of the treatment facilities with the inlet WW characteristic. Furthermore, the stringent discharge 

standards according to the Vietnamese national technical regulation on industrial wastewater (i.e., QCVN 

40:2011/BTNTMT, level A), are also an obstacle since the treatment system need to satisfy the standard. 

In addition, water recovery rate (RC) in the permeate stream of RO system is also the target of the study. 

Basically, depending on the feed flow of RO system, type of membrane and modules (e.g., plate, frame, 

and spiral wound), and operation pressure, the RC produced from RO system is different. Also, the 

membrane module affects directly the direction of feed flow which then affects the formation of foulants 

and scales, and cleaning process accordingly (Baker 2012, Kucera 2019). Thus, the investigation of 

different membrane modules to maximize the clean water produced and minimize the concentrated flow or 

secondary waste should be explored. 

This study is conducted to demonstrate the performance of treatment facilities at the WWTP to satisfy the 

current national standard (i.e., QCVN 40:2011/BTNTMT, level A). The efficiency of the treatment system 

is considered by the removal percentage of COD and heavy metals, and RC of RO system. In order to clarify 

the change of RC during the operation, different RO membrane modules including plate & frame RO 

(PFRO), high pressure PFRO (HP PFRO), Spiral Wound RO (SPRO) are employed for 2-stages treatment 

of feed WW and recovery of the concentrated flow. 

2. MATERIALS AND METHODS 

2.1. Wastewater samples characterization  

In order to design the appropriate operation, the WW samples were collected directly from the storage tank 

of WWTP to characterize the WW properties. The WW is so complex due to the co-existing of a variety of 

pollutants and toxic compounds. High COD concentration and different heavy metals were found (Table 

1). During 5 months-monitoring (i.e., April – August 2021), the concentration of contaminants fluctuated 

in a wide range, making WW more complicated.  

Table 1 Characteristics of high-strength WW sample collected at the WWTP 

No. Parameters Unit 

Concentration of WW before 

treatment 
Requirement of water quality 

after treatment 

National standard QCVN 

40:2011/BTNMT (level A) 
In range (*) Specific values (**) 

1 pH - 3.5 – 9.5 

 

 

 

 

 

6.3 6 - 9 

2 COD mg/L 23707 - 37333 32417 75 

3 Chromium (VI) mg/L 1.6 - 3.2 2.4 0,05 
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4 Copper (Cu) mg/L 372 - 532 452 2 

5 Zinc (Zn) mg/L 3.64 – 375.7 182 3 

6 Manganese (Mn) mg/L 11.19 - 36 24 0,5 

7 Iron (Fe) mg/L 113.6 - 460 290 1 

 (*) The values were obtained during the continuous monitoring of WW treatment system in 5 months with several 

times of sampling 
(**) The values were obtained at a specific sampling day from which the WW samples were used directly for 

preliminary experiments to determine the optimal operating parameters of physicochemical pretreatment processes 

 

The regulated discharged standard for each specific parameter according to the QCVN 40:2011/BTNMT, 

level A, is also presented in Table 1 to highlight the requirement of water quality after treatment, as 

compared to the raw WW. 

2.2. Investigation of on-site operation at WWTP 

The treatment process focuses on 3 main units (i.e., Fenton reaction tank, coagulation tank, and RO 

membrane system). Before investigation of operation at WWTP, preliminary experiments on lab-scale were 

conducted to determine the optimal parameters of physicochemical pretreatment processes (i.e., Fenton and 

coagulation). This helps to optimize the pretreatment efficiency and facilitate the operation of RO 

membrane system at the next stage. The pretreatment processes at WWTP were then operated practically 

based on these optimal conditions. 

Specifically, at the Fenton unit, the oxidizing agents H2O2 and the catalyst FeSO4 with the defined dosages 

were employed to mix with WW. The chemical reaction between H2O2 and Fe2+ generates strong reactive 

species called hydroxyl radicals (OH) which can degrade refractory organic matters, or certain inorganic 

pollutants and help to increase wastewater biodegradability (Deng and Zhao 2015). The concentrated 

sulphuric acid H2SO4 98% was used to adjust the initial pH since the acidic environment is favorable for 

generation of OH groups during the Fenton reaction. 

Fig. 2 Flow diagram of the RO membrane system 

 

For the coagulation, a coagulation tank integrated with sedimentation and flotation units was installed to 

improve the separation of flocs. The PAC coagulant and PAM flocculant helped to form the large-size flocs 
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which were then removed from the WW by either flotation with dissolved air bubbles or settling down due 

to gravity. The 92% calcium hydroxide (Ca(OH)2) solution was also added to adjust the pH and improve 

the flocs adhesion. 

For the RO membrane system, the flow diagram of different RO modules is described in detail in Fig. 2. 

The first step of the membrane system was the coarse filtration and microfiltration (MF) module (pore size 

of 10 mm, Pentair, USA), which were employed as pre-filtration units before RO modules. There were three 

different types of RO modules (pore size of 0.0001 mm, ROCHEM, Germany) (i.e., PFRO, HP PFRO, and 

SPRO) installed simultaneously. Specifically, PFRO (Plant A) received feed flow from MF filtration, while 

HP PFRO (Plant B) was used to treat the concentrated flow. In order to enhance the quality of WW output, 

the permeate flow from both PFRO and HP PFRO modules was passed to SPRO module (Plant C). During 

the operation of the RO system, 30% hydrochloric acid (HCl), sodium metabisulphite (SMBS) Na2S2O5, 
and other common antiscalants were used for membrane cleaning and prevention of fouling.  

2.3. Analytical methods and calculation 

During the experiments and operation of WWTP, the WW samples before analysis were preserved 

according to the standard methods (APHA 2005). The physical and chemical parameters were then analyzed 

and measured under laboratory conditions.  

Specifically, pH was measured by a portable pH meter (HI8314, Hanna Instruments – Romania); COD 

concentration was analyzed and measured by a COD heating reactor (HI839800-02, Hanna Instruments, 

Romania) and COD Benchtop Photometer (HI83314-02, Hanna Instruments, Romania). The operation of 

the RO membrane system was controlled automatically by the Programmable Logic Controller (PLC) and 

the monitoring results (i.e., flow rate, water recovery rate, electrical conductivity) were obtained directly as 

the output of the PLC program. Heavy metals concentration was measured by an Inductively Coupled 

Plasma (ICP) Spectrometer (Optima 8000, PerkinElmer, USA). All experiments and operations were 

conducted at the research lab and on-site of the WWTP (Bac Ninh province, Vietnam). All chemicals used 

in this study are analytical grade. The solutions and reagents were prepared by using deionized (DI) water. 

3. RESULTS AND DISCUSSION  

3.1. Performance of WWTP to satisfy the current discharge standard 

3.1.1. COD removal efficiency 

The COD concentration measured in each stage of WWTP at the specific sampling time during the 

investigated period of 5 months was collected to evaluate the performance of treatment system and its 

stability. Due to the big data obtained in a long investigation, the results recorded during a specific month 

(i.e., June 2021) were chosen to show in Fig. 3 to highlight the change of COD concentration through 3 

main treatment stages. Specifically, the WW flow from the inlet, the Fenton reaction tank, the coagulation 

tank, and the outlet of SPRO membrane system were examined. 

Fig. 3 shows that the COD concentration of the inlet flow varied in a wide range of 25,031 – 32,379 mg/L 

due to different raw WW sources transferred to WWTP. This is an inevitable obstacle since the WWTP 

always receives the real WW from various industrial effluents, which significantly affected the operation 

and treatment efficiency. As a result, the COD concentration at each treatment step changed accordingly 

with the variation of the inlet. At the end of June (i.e., 28/06, 29/06, 30/06, Fig. 4), when the COD 

concentration of the inlet was stable in the range of 31,794 – 32,379 mg/L, a stable removal efficiency was 

obtained. Specifically, after treatment with the Fenton reaction tank, the COD decreased to 23,425 – 23,557 

mg/L, corresponding to a removal percentage of 26.32 – 27.29%. The coagulation tank followed Fenton 

unit also produced positive results since the COD concentration dropped to 18,462 – 18,658 mg/L, 

corresponding to a removal efficiency of 20.75 – 21.19%. The operation of physicochemical pretreatment 

units was based on the optimal parameters which were experimental pre-defined in laboratory, which helped 

to optimize the treatment efficiency. It has been reported that the Fenton process operated at optimal pH 

and dosages of Fe2+ and H2O2 along with their optimal molar ratio can minimize the scavenging of  

OH reactive radicals and significantly affects the COD removal (Deng and Zhao 2015). For coagulation, 

although a slightly acidic pH (i.e., around 6.0) is frequently reported and suggested for wastewater treatment 

(Crittenden et al. 2012), the neutral pH (i.e., 7.5) was controlled at WWTP due to the complicated effects 
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of the WW components and characteristics. The co-existing of a variety of organic, and inorganic matter, 

and heavy metals at very high concentrations from different WW sources collected may cause different 

interferences between colloids and PAC coagulant. It is also believed that the addition of PAM anion 

polymer at optimal dosage significantly affected the performance coagulation due to the improvement of 

floc forming and prevention of the re-stabilization of colloids (Viet et al., 2017) 

 
Fig. 3 Change of COD concentration in different treatment stages at specific sampling times during the representative 

period 

WW after pretreatment by Fenton and coagulation was transferred to membrane system and the SPRO 

module served as the final step of WWTP. Results showed that SPRO could produce high-quality treated 

water since the COD concentration in the permeate flow decreased sharply to 51 - 75 mg/L (Fig. 3), 

corresponding to a removal percentage over 99%. The two-stage treatment of permeate flows as shown in 

Fig. 2 (i.e., the permeate from both PFRO and HP PFRO was passed to the SPRO module) resulted in very 

high COD removal efficiency. The effluent COD concentration satisfies the discharge allowable limits 

according to the national standard (i.e., QCVN 40:2011/BTNMT, level A, COD of 75 mg/L) as shown in 

Table 1. The low COD concentration remaining in the permeate flow of SPRO system also indicates the 

opportunity for the reuse of treated WW 

3.1.2. Heavy metals removal efficiency 

Heavy metals with a high concentration in the inlet flow are a particular feature of the WWTP since the 

WW was collected mostly from metal-related manufacturing. Removal of heavy metals to satisfy the 

discharge standard is also an important target of the treatment process. At the beginning of operation (i.e., 

2 months, from April to May 2021), the treatment system is not effective for removing heavy metals since 

their concentrations measured in the permeates of SPRO system (also the outlet of WWTP) were still higher 

than the allowable levels as regulated. This may be due to the complexity of WW inlet and the low 

adaptability of WWTP in the early stage.  

Thereafter, the treatment was operated well since the remaining concentration of heavy metals satisfied the 

national standard. Specifically, Fig. 4 presents the concentration of 5 representative metals (i.e., Cu, Fe, Zn, 

Mn, Cr) in the outlet of WWTP at different sampling times during the last 3 months of investigation period 

(i.e., from June to August 2021). They are mostly lower than the corresponding allowable concentration for 

discharge (dash lines in Fig. 4). As compared to the initial concentrations of heavy metals in the inlet flow 

(Table 1), they decreased sharply at the final treatment stage of WWTP (i.e., SPRO membrane system). 
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(ND: Not detected due to the limit of detection of measurement methods) 

 

Fig. 4 Change of heavy metals’ concentration in the outlet of WWTP at specific sampling times during the last 3 

months of investigation period 

 

The stability and efficiency of physicochemical pretreatment helped to promote the high removal efficiency 

of pollutants in the RO membrane system. Specifically, Fenton and coagulation processes mitigated the 

heavy metals’ concentration before the WW flow entered the membrane system. It was reported that 

advanced oxidation can be applied successfully for the treatment of high-strength WW, such as landfill 

leachate, in which heavy metal is one of the major contaminants (Deng and Englehardt 2006, Deng and 

Zhao 2015). For RO membrane technology, it has been widely known as an effective process for removing 

heavy metals from the effluents of different industrial sectors (Azimi et al. 2017, Trishitman et al. 2020). 

In this study, the combination of Fenton-based AOP and coagulation as pretreatment and RO membrane 

technology was demonstrated to be effective in removing heavy metals. 

3.1.3. Water recovery  

The performance of the RO membrane system was evaluated by considering the operation of 3 plants (A, 

B, and C shown in Fig. 2) based on the flow of permeate and the corresponding water recovery rate (RC). 

Fig. 5 a, b, and c present the change of feed and permeate flow by time, from which the RC was determined 

correspondingly. Different results were observed among RO modules which were due to the difference in 

feed flow’s properties and working pressure at each plant (i.e., 65, 90, 41 bar corresponding to plants A, B, 

and C, respectively). The working pressure was determined through a preliminary test before operation, 

which was based on the guidelines of membrane manufacturer (ROCHEM, Germany) and the actual WW 

characteristic of feed flow.  

For PFRO module (plant A, Fig. 5a), the feed flow was maintained at 9,600 L/h during the operation, while 

the permeate flow changed periodically depending on cleaning cycle (i.e., 6,000 L/h during the first 36 

hours, decreased to 5,000 L/h from the 36th to 48th hour, increased again to 6,000 L/h from the 48th hour due 

to chemical cleaning, and decreased to 4,400 L/h after the 80th hour). The average RC at the beginning of 

operation and after cleaning was about 63%, but after 80 hours of operation, RC slightly decreased to 47%.  

Feed flow of HP PFRO module (plant B, Fig. 5b) was designed at 4,800 L/h although the working pressure 

was high (i.e., 90 bar), which was due to the origin of the concentrated flow of PFRO. As compared to 

PFRO, a different trend of HP PFRO permeate flow was found in which the cleaning cycle was conducted 

more often (i.e., every 6 hours) and resulted in the continuous recovery of permeate flow. The average 

permeate was 439 L/h, corresponding to the RC of 9.14%. At some specific times, especially after membrane 

cleaning, RC could be improved to over 12%. This result indicated that more cleaning frequency helped to 

improve RC of HP PFRO. 
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Fig. 5 Change of flow rate (a, b, and c) with time during the operation of the PFRO (plant A), HP PFRO (plant B), 

and SPRO (plant C), respectively 

 

In the case of the SPRO membrane system (Plant C, Fig. 5c). The operation of SPRO was divided into 2 

levels of feed flow (i.e., 4,000 L/h and 8,000 L/h), which were controlled and monitored through a high-

pressure inverter pumping system. Accordingly, the permeate was proportional to the feed flow since there 

were also two levels of flow rate found in Fig. 5c. Results showed that an average RC of 80 - 90% could be 

achieved indicating a high practical operating efficiency, as compared to theoretically expected RC (i.e., 90 

– 95%). High and stable RC obtained at 2 different levels of feed flow also demonstrated the stability of the 

SPRO membrane system. 

The results of the study indicate that the WW after treatment can be reused for non-drinking purposes, such 

as irrigation, cleaning, and flushing. This helps to reduce the operational cost of WWTP which is normally 

high when RO membrane technology is employed. Furthermore, all factories and manufacturers, from 
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which WW is currently generated and transferred to WWTP, need to pay the prescribed fee for the investor 

of WWTP. Thus, when the WWTP is operated in a stable state with high treatment efficiency, an economic 

benefit can be also achieved, which contributes to minimizing the cost. 

4. CONCLUSIONS 

This study demonstrates the successful operation of a WWTP for the treatment of highly-strength WW. 

The main treatment methods including Fenton, coagulation, and RO membrane were effective in removing 

recalcitrant pollutants existing in WW inlet. The operation of WWTP was investigated continuously for 5 

months under the optimal conditions which were experimentally predetermined. As a result, high COD 

removal efficiency could be obtained at the Fenton reaction unit (26.32 – 27.29%), coagulation/ flocculation 

unit (20.75 – 21.19%), and SPRO membrane system (> 99%). The heavy metals’ concentrations (i.e., Cu, 

Fe, Zn, Mn, Cr) in permeate flow of SPRO were under the allowable discharged levels although they 

sometimes slightly exceeded the maximum allowable values. The treated water meets the national discharge 

standard of Vietnam (i.e., QCVN 40:2011/BTNMT, level A). In addition, the difference in productivity of 

3 RO modules (i.e., PFRO, HP PFRO, SPRO) was clarified in which the water recovery rate from 3 RO 

modules were 63% (PFRO), 9 – 12% (HP PFRO), and 80 – 90% (SPRO). The results achieved in this study 

help to build a technical database for the operation and management of WWTP. Reuse of WW after 

treatment and the benefits gained from the fee for collection and treatment of WW are also suggested to 

partially reduce the operation cost of the WWTP. The combination of AOP, coagulation process, and RO 

membrane is thus highlighted for their feasibility in practical application to treat high-strength wastewater. 
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Abstract. In this study, graphene oxide (GO) materials were synthesized via a productively oxidation 

modified Hummer’s method. Strong oxidant agents KMnO4, K2S2O8 were used to oxidize the graphitic 

plate precursor into graphene oxide. The as-synthesized GO products were reduced by thermal method at 

various regimes of heat. Interestingly, the light absorptive characteristic edge of the as-synthesized GO 

product reveals that a significant blue-shifted absorption of the GO material occurs as thermal treatment 

processes are applied. The blue-shifted absorption of the GO material is probably attributed to the reduction 

of ketone, carboxyl, and hydroxyl groups of the GO, which is so-called reduced graphene oxide (rGO). To 

be clearly evidenced, modern physical and chemical techniques such as X-ray diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR) and transmission electron microscope (TEM) were applied to 

characterize the crystalline structure and morphology of the as-synthesized materials. As a result, electron 

microscopic images reveal the material effectively exfoliated into 1D GO sheets. On the other hand, the 

crystalline structure of GO and rGO were clearly confirmed by XRD and FTIR. Moreover, the rGO 

materials were efficiently tuned to visible light absorptive edges by thermal method. The visible light-

sensitive property of the rGO material is mainly concerned with improving photocatalytic reactive 

performance. 

 

Keywords. Graphene, graphene oxide, reduced graphene oxide. 

1. INTRODUCTION 

In recent years, photocatalysis is paid a great attention by a lot of researchers due to its significant 

application potentials [1-6]. Since the rapid increase of population and industrial factories all over the world 

which is resulting in various problems such as the serious environmental pollution as well as energetical 

deficiencies [7-9]. The fossil fuel source is running out which is currently also a big problem for the human 

being to resolve. As the as-realized show, various photocatalysts have been studied and applied practically 

such as TiO2 [10-12], ZnO [13-15], α-Fe2O3, etc. for water splitting to produce hydrogen fuel, carbon 

dioxide reduction to form methanol and utilized in practical industries such as paint and others [16-19]. The 

basic principle of the photocatalytic reaction is that the light photons excite charged electron-hole pair 

carriers of semiconducting materials which participate in a redox process directly or indirectly with foreign 

species in contact with. This process is illustrated in Scheme 1. The photocatalytic performance of photo-

catalysts is attributed to various factors such as light absorption of the catalytic material, adsorption ability, 

charge carrier separation, electron-hole population, and so on. For example, the modification of the TiO2 

crystalline material by narrowing the bandgap energy (Eg) which is able to widen to the visible wavelength 

absorption [20-22]. The adsorption factor in the photocatalytic reaction is also playing an important role in 

increasing high photocatalytic performance [23-25]. Graphene oxide (GO) and reduced graphene oxide 

(rGO) [26] are materials which are used to decorate other photocatalysts for improving the material 

performance in adsorption and electron-hole charged carrier population [27,28] point of view. The degree 

of reduction of functionalized groups on GO which results in various rGO materials is examined and clearly 

figured out in this study. Interestingly, the rGO material possesses very different physicochemical 

properties respectively in the degree of reduction. 
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Scheme 1. Basis principle of the photocatalytic reaction 

 

According to this, graphite powdered flake is exfoliated by heavily imposing oxygen-containing groups 

which is resulting in GO. The as-synthesized GO products are reduced by the thermal method at various 

regimes of heat to form rGO materials. In other words, the rGO is usually considered as a kind of chemically 

derived graphene which is resulting in by reducing GO.  

2. EXPERIMENT SECTION 

2.1. Chemicals 

All these chemicals graphite, kali permanganate, and sulfuric acid are in China trade, some others such as 

hydroxyl peroxide come from Vietnam. Chemicals were diluted with DDI water without any purification.  

2.2. Equipment 

Basic laboratory equipment is from IUH’s lab. X-ray diffraction (XRD) analysis of the samples was carried 

out with Shimazu XRD-6100, Industrial University of Hochiminh City (IUH). Transmission electron 

microscopy (TEM), Scanning electron microscopy (SEM) images are from JEM2100 and S4800-10 kV, 

respectively.  And Fourier transform infrared spectroscopy (FTIR) is from IUH. 

2.3. Method 

Synthesis of GO. Synthetic process is followed by the further oxidation modified Hummer’s method [29]. 

In a detailed typical procedure, three grams of powdered graphite flake were dissolved in a mixture of 20 

mL H2SO4, 1 g P2O5, and 1 g of K2S2O8 at a temperature circa 80oC. Then, the mixture was cooled down to 

room temperature and diluted with 500 mL of DDI water and leaving the mixture overnight. Filtration and 

washing with copious DDI water in the following steps. The semi-product was dried at 60 oC for 2 hours. 

Then, 1 g of the semi-product was dissolved in 40 mL of concentrated H2SO4. Adding 1 g of NaNO3 to the 

suspension and cooling the suspension temperature down to 5 oC in an ice-bath with maintaining vigorous 

agitation. 7 g of KMnO4 oxidant agent is then added to the suspension slowly while the reacting temperature 

is adjusting less than 20 oC by ice-bath. Agitation of the suspension was maintained vigorously for two 

hours. The suspension was then diluted with 150 mL of DDI water and 10 mL of H2O2 30% which was 

resulting in a brown solution. Filtration and washing process was repeated several times with DDI water 

and collecting the brown GO product as shown in Figures 1a) and 1b).   

Synthesis of reduced graphene oxide (rGO). RGO was synthesized via a facile annealing route in a 

temperature-programmed muffler furnace. Accordingly, an amount of the as-GO product was annealed at 

various temperatures from 300 oC to 400 oC in the ambient air condition. The as-synthesized product was 
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natural cooling down to room temperature. RGO product was collected as a black carbon powdered black. 

3. RESULTS AND DISCUSSION 

Visual characterization of the GO and rGO as-synthesized products captured by a digital camera is 

presented in Figure 1. Specifically, Figures 1a) and 1b) show the GO products in gelatinlike and powder 

form, respectively. On the other Figure 1c) is the image of rGO product. As a result, the GO powered 

material reveals a dark-brown color. And the other rGO product is black color. These characterizations are 

consistent with the literatures published elsewhere [25-28]. 

 

 
 

Figure 1. The digital photographs of the as-synthesized GO a), b) and rGO c). 

 

In addition, morphologically observation of the as-synthesized rGO product was characterized by scanning 

electron microscopy (SEM). The SEM images of the product were taken at various scale bars (500 nm, 

1um, and 10 um) which are being nshown in Figure 2. The result reveals that the surface of the rGO product 

is quite blistered, pored, and flocculated. The flocculated morphology of the rGO product is able to be 

attributed to the exfoliated mono-sheets of graphene aggregated. That is able to be again separated when it 

is dispersed into an aqueous solution. For this reason, the rGO material is the benefit to the decoration onto 

other materials. 

 

 
 

Figure 2. SEM images of the rGO product captured at various scale bars: 500 nm, 1um, and 10 um from left to 

right, respectively. 

 

Furthermore, the crystalline structure of the GO and rGO (annealed at 300 oC and 400 oC) as-synthesized 

products were characterized by x-ray diffraction (XRD). The XRD patterns of the samples and PDS 

standard are presented in Figure 3. Thereby, X-ray diffraction patterns of standard graphite – JSPDS # 76-

1621 (a), the as-synthesized GO product (b), rGO annealed at 400 oC (c) and rGO annealed at 300 oC (d). 
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Figure 3. X-ray diffraction patterns of standard graphite – JCPDS # 76-1621 (a), the as-synthesized GO product (b), 

rGO annealed at 400 OC (c) and rGO annealed at 300 OC (d) 

 

Accordingly, the characteristic x-ray diffraction peak of GO is appeared at around 10 degree in the angle 

of 2-theta which is somewhat strong. This diffraction peak totally disappeared in the pattern (c) and (d). In 

addition, a slightly low diffraction peak appears at the angle 2-theta is of 27o (pattern (c) and (d)) which is 

matched well with the peak possessed a plane of (002) of the JCPDS # 76-1621 On the whole, this evidence 

can be confirmed that the crystalline structure of GO is reduced well into rGO. On the other hand, the 

annealing temperature change significantly affects to the crystalline structure of GO. Particularly, at 300 oC 

in annealing process, a slight contaminant diffraction peak still remains on the pattern (d) but which is 

finely removed at 400 oC (Figure 3c). This point of view is confirmed again by visual characterization of 

a digital camera in Figure 4. The visual characterization of the rGO products captured by digital camera a) 

rGO annealed at 300 oC and b) rGO annealed at 400 oC. The result reveals that the GO annealed at 300 oC 

is still not converted fully which is remaining a bit of brown powdered GO product (a). In contrast, the GO 

annealed at 400 oC is fully reduced into rGO (full black color (b)). 
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Figure 4. The visual characterization of the rGO products captured by digital camera a) rGO annealed at 300 oC 

and b) rGO annealed at 400 oC 

 

Figure 5 is presenting transmission electron microscopy (TEM) images of the rGO product captured at 

various scale bars: 50 nm, 100 nm, and 500 nm from a), b), and c) respectively. The TEM analysis is more 

evident that the rGO is well exfoliated to mono-sheets which is benefit onto electron mobility point of view 

of the material. The TEM images captured at various scale bars reveal that rGO sheets are uniform and well 

exfoliated. 

 

 
 

Figure 5. TEM images of the rGO product captured at various scale bars: 50 nm, 100 nm, and 500 nm 

 

Moreover, further characterization by FTIR of the graphite, GO and rGO are presented in Figure 6 and 

Figure 7. FTIR spectrum (Figure 6) of the graphite precursor which is not containing the vibration peak of 

–OH at the wavenumber of ca. 3500 cm-1 while that of the rGO is clearly contained. This means the 

oxidation process has decorated successfully hydrophilic functional groups such as –OH, -COO, … onto 

the graphite which results in the exfoliated GO sheets. 
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Figure 6. FTIR spectrum of the graphite precursor 

 

Likewise, the FTIR spectrum of rGO (the red-lined spectrum in Figure 7) again disappeared this peak. 

Consequently, GO material is again confirmed that is well reduced by a facile annealing method. 

 
 

Figure 7. FTIR spectra of the GO and RGO as-synthesized product presented above and below spectrum, 

respectively. 
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Figure 8. UV spectra of a) GO, b) rGO reduced at 300 oC for 1h, and c) rGO reduced at 400 oC 

 

Interestingly, the absorptive characteristic of the as-synthesized GO products reveals that a significant blue 

shift absorption of the GO material occurs as the thermal treatment process is done. Particularly, the as-

synthesized GO products annealed at 250 oC for 1 h and 350 oC for 1 h exhibit a blue shifting absorptive 

cut-off of ca. from 480 nm to 450 nm and 390 nm, respectively. The blue shifting absorptive cut-off is 

probably attributed to the reduction of carboxylic, keton, -OH groups of the GO structure as shown FTIR 

data. This point plays a great significant role in controlling the photocatalytic performance of the GO 

material. 
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Figure 9. XRD patterns of GO and rGO thin-film composite onto FTO substrates 
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Thin-film photoelectrodes of GO and rGO composited with CdS semiconductor material had been 

fabricated in advanced works. The characteristic diffraction peak of GO is completely removed in XRD 

patterns of these films by the thermal annealing simple method. This figures out the rGO synthetic method 

is viable and applicable. 

4. CONCLUSION 

In conclusion, graphene oxide and reduced graphene oxide are crucial materials which are utilized in 

various catalytic interests. The synthesis of GO and rGO via a facile modification of Hummer’s method 

and thermal annealing route respectively reveals a great significance of material synthetic methodology 

point of view. Thereby, the GO and rGO as-synthesized products are confirmed in detail by 

physicochemical techniques such as XRD, FTIR, TEM, and SEM. As the result, the GO’s XRD pattern 

possesses a diffraction peak at the angle of 2-theta of around 10 degree and that peak is disappeared finely 

as the material annealed at 400 OC which is well matched with the standard referential GO diffraction peaks 

(JCPDS # 76-1621). Moreover, SEM image’s observation shows that the surface’s morphology of the rGO 

displays blistered and flocculated which is attributed to the aggregation of several graphene mono-sheets. 

On the other hand, the thermal annealing method to convert from GO product to rGO remarkably affects 

on the rGO qualification. Interestingly, the absorptive characteristic of the as-synthesized GO products 

reveals that a significantly blue-shift absorption of the GO material occurs as the thermal treatment process 

is done on the as-materials. The blue shifting absorptive edge is probably attributed to the reduction of 

carboxylic, keton, -OH groups of the GO structure. The synthetic methodology of rGO is promising to be 

able to contribute significantly to the catalytic material science. 
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Abstract. This study investigated the correlation coefficient between the sea surface temperature (SST) 

and the surface air temperature (SAT) in the South of Vietnam (SVN) to search for regions where their SST 

had a good relationship with the SAT in SVN. The data of gridded global SST, SST in the Niño regions 

and in the tropical Indian Ocean region, and SAT data of 42 weather stations in SVN from 1978 to 2018 

were used in this study. Based on the regions found, a principal component analysis was performed to 

identify the components that gave a good relationship with SAT in SVN. The analysis results indicated 

three regions satisfying the research objectives. The results of principal component analysis of SST by grid 

cells in these regions showed that the first principal component (PC1) of SST in the tropical Indian Ocean 

region gained the best relationship with SAT in SVN. The result of the exploratory factor analysis revealed 

that this PC1 was related to SST in an area in the central equatorial Indian Ocean from 55oE to 95oE 

longitude and from 6oN to 4oS latitude, or PC1 was related to the time oscillations of the SST in this region. 

By standardizing this component, an index of SST variability in the central equatorial Indian Ocean region 

was obtained. This indicator can be used to warn SAT in SVN. 

 

Keywords. Sea surface temperature, surface air temperature, climate variability, ENSO, principal 

component analysis. 

1. INTRODUCTION 

The south of Vietnam (SVN) is located in the tropical monsoon region where the climate is divided into 

two seasons: dry season and rainy season. The dry season lasts for about 6 months from late November to 

early May of the following year. The latitude of SVN is from 8.5oN to 16oN (Figure 1), therefore, during 

the late dry season and early rainy season, the temperature in this area is usually very high due to high solar 

altitude, weak winds, and few clouds. For these reasons, heatwave and severe drought often occur at the 

end of the dry season of the El Niño years in SVN. 

Sea surface temperature (SST) variability can affect global climate through atmospheric circulation. The 

most obvious variability of SST is in the tropical Pacific Ocean with El Niño and La Niña events. El Niño 

and La Niña affected climate and weather patterns on a global scale (Rasmusson and Carpenter 1982, 

Trenberth et all. 1998, Ren et al. 2018, Fang 2020). Ropelewski et al. (1987, 1989, 1996) and Halpert et al. 

(1992) showed that the influence of El Niño and La Niña depended on region and time of year.  

Lam et al. (2019) indicated that droughts and heatwaves were often associated with El Niño. The effects of 

El Niño and La Niña on climate were most pronounced in the tropical region (Webster et al. 1992; Ju et al. 

1995; Zhou et al. 2007). El Niño and La Niña were monitored based on SST in the Niño regions. In addition 

to El Niño, the studies of Saji (1999), Yoo (2006), Kothawale (2008), Shailendra (2008), and Venugopal 

(2018) showed that SST variability in the tropical Indian Ocean affected monsoon activity and climate 

anomalies in East Africa, India, and a part of Southeast Asia. Besides the regional SST data, global SST 

data were also used in climate prediction (Rasmusson 1982, Wu 1998, Garfinkel 2007, Deser 2010, Messie 

2011, Lin 2019).  

There were many studies on the El Niño-Southern Oscillation (ENSO) activities for climate warning based 

on analysis of SST data (Trenberth et al. 2001, Ashok et al 2007, Weng et al. 2009; Taschetto et al. 2009; 

Kao et al. 2009; Li G. et al. 2010; Zhang et al. 2011; Feng J. et al. 2011; Yuan et al. 2012; Jeong et al. 2017, 

mailto:luongvanviet@iuh.edu.vn
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Magee et al. 2017; Paek et al. 2019; Ren et al. 2019 and Wang et al. 2019). Song et al. (2019) indicated that 

the relationship between SAT and SST in the Niño 3.4 region was not strong and only evident in some 

regions in the tropics. In addition, according to Fang (2020) and Lin et al. (2019), the irregularity of the 

ENSO was an obstacle in the use of SST in the Niño regions for climate prediction. 

 
Figure 1. Location of weather stations and topography in SVN 

 

Due to its location at low latitude region and on the west coast of the Pacific Ocean, temperature and 

precipitation in SVN had significant changes during El Niño and La Niña periods (Chen et al. 2012, Gobin 

et al. 2015, Lam et al. 2019, Nguyen et al. 2014, Nguyen et al. 2007, Nguyen et al. 2016, Nguyen et al. 

2019, Vu et al. 2015). However, there is still a gap in the study to find the new regions where their SST has 

a good relationship with SAT in SVN. 

With these issues in mind, this study was conducted to identify the regions where SST has a good 

relationship with SAT in SVN based on the correlation coefficient between SAT in SVN and SST in grid 

cells. After that, a principal component analysis was performed on the SST in the regions found to determine 

the component that has a good relationship with SAT in SVN to serve to warn of heatwave and drought for 

SVN. 

2. DATA AND METHODOLOGY 

2.1. Data  

The data of SST from different sources and SAT at the weather stations in SVN from 1978 to 2018 were 

used in this study. The global SST data in monthly mean format was obtained from the National Oceanic 

and Atmospheric Administration (NOAA) via https://psl.noaa.gov/data/gridded/. They are reanalysis data 

of a joint project between the National Centers for Environmental Prediction (NCEP) and the National 

Center for Atmospheric Research (NCAR). These data have a spatial resolution of 1.0° x 1.0° latitude by 

longitude, with the total number of grid points of 180 x 360. In addition, the SST data in the Niño regions 

consisting of Niño 1+2, Niño 3, Niño 3.4, Niño 4, and Niño.west and the SST data in the tropical Indian 

Ocean (IOBW) were also included in the analysis (Figure 2). SST in the Niño regions, i.e., from Niño 1+2 
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to Niño 4, was collected from NOAA via http://www.esrl.noaa.gov, meanwhile, SST in the Niño.west and 

IOBW regions was obtained from the Japan Meteorological Agency (JMA) website via 

https://ds.data.jma.go.jp/. The monthly SAT data were acquired from 40 weather stations in SVN. The 

locations of these stations are shown in Figure 1.  

 

 

Figure 2. El Niño monitoring regions and IOBW region 

2.2. Methodology 

The data of SST in the grid cells were used as the input variables in the analysis to determine the factors 

affecting SAT in SVN. The data were quite large due to their spatial resolution of 1.0° x 1.0° latitude by 

longitude; therefore, a principal component analysis (PCA) was conducted to reduce the input variables. 

However, if the PCA was performed over a large area, it was possible to omit the information contained in 

the main components that were related to the SAT in SVN. To avoid this problem, PCA was performed for 

each of the small regions that were determined based on the analysis of the correlation coefficient between 

SAT in SVN and SST in grid cells. 

The specific steps were as follows: (1) Determining the correlation coefficient between SAT in SVN and 

SST in grid cells; (2) Identifying regions where their SST gained a good correlation with SAT in SVN; (3) 

Conducting a principal component analysis based on SST in the regions identified in the previous step; (4) 

Identifying the components with high correlation coefficient with SAT in SVN. These steps are performed 

through a program using the Fortran language. 

In step 1, the Pearson correlation coefficient was used. SAT in SVN often fluctuated later than SST from 

zero to several months. Therefore, the lag time was also considered so that the obtained correlation 

coefficient was the largest. To eliminate the effects of seasonal variation on the results, the SAT and SST 

data were used in the anomaly type. 

In step 2, based on the correlation coefficient in step 1, the rectangular regions were selected. In which, 

their size was enlarged gradually so that the principal components of their SST, which was conducted in 

the next step, gave the best relationship with the SAT in SVN. 

In step 3, the input data is a two-dimensional array of STT, one in space and one in time. The spatial 

dimension contains the grid cells in the areas included in the data analysis. The determination of the number 

of principal components was based on eigenvalues, where only those components having eigenvalues 

greater than one were kept. 

In step 4, to clarify the relationship between the SAT in SVN and the principal components found, their 

correlation coefficients were calculated for each month corresponding to a lag time from zero to several 

months. The calculation results helped determine the principal components used as monitoring factors for 

SAT in SVN. 

In addition to PCA, this study conducted an exploratory factor analysis (EFA) to identify regions where 

their SST had an impact on SAT in SVN. In EFA, the KMO and Bartlett's test was used to assess the 

sphericity of input data. 

From the principal component found, a new index used for warning SAT in SVN was calculated by 

performing the moving average and standardization. The index is constructed similarly to the Ocean Niño 

Index (ONI) with a moving average time step of 3 months, and the thresholds for determining the warm 

and cold phases were established so that these phases took up about 25% of the time. By standardization, 

this new index had a mean of zero and a standard deviation of one. 
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By a comparison with the Niño region SST and the ONI, the warning ability of the principal components 

for the SAT in SVN was evaluated. The comparison was based on the correlation coefficient of them and 

SAT and the difference of the SAT between the warm and cold phases. 

3. RESULTS AND DISCUSSION 

3.1. Correlation coefficients between SST in the monitoring regions and SAT in SVN 

The monitoring regions whose SST data were used in the analysis included Niño1 + 2, Niño 3, Niño 3.4, 

Niño.west, and IOBW. The correlation coefficient was calculated for each month of the year, in which the 

lag time between the SST data and the SAT data was from zero to seven months. The results of calculating 

the correlation coefficient (R) are shown in Figure 3. The green and blue cells had a correlation coefficient 

at a significance level from 0.05 to 0.001, meanwhile, the yellow and orange cells had a correlation 

coefficient at a significance level of 0.001 or less. 

 
Figure 3. Mean value of correlation coefficient between SAT at weather stations and SST in the (a) IOBW, (b) 

Niño.west, (c) Niño 4, (d) Niño 3.4, (e) Niño 3, and (f) Niño 1+2 region. The horizontal axis shows the 

number of months in which the SAT data were taken later than the SST data. 

 

The result showed that R depended on the SST in each region, lag time, and time of year. Regarding the 

IOBW (Figure 3a), The months from April to June gained R values greater than 0.49 which was the critical 

value of correlation coefficient (Rcr) at the significance level of 0.001. The highest R values in these months 

showed that SAT in SVN fluctuated from zero to one month later than SST in IOBW. 

The correlation coefficient between the SST in the Niño.west region and the SAT in SVN was quite low 

(Figure 3b). Although the Niño.west region was located near SVN, only one month gave the R value greater 

than the Rcr at the significance level of 0.001. SST in the Niño.west region had the best relationship with 

SAT in SVN from August to December, while SST in the rest regions had a good relationship with SAT in 

SVN from April to June. 

The correlation coefficients between SST in the Niño 4, Niño 3.4, and Niño 3 regions and SAT in SVN 

(Figures 3c, 3d, and 3e, respectively) had a similar characteristic. The highest R values occurred in May 

and SAT in SVN fluctuated about 2 to 3 months later than SST in these regions. Compared to other regions, 

the SST in the Niño 1+2 region yielded the lowest correlation coefficient with SAT in SVN. 

Figure 4 showed the maximum correlation coefficients corresponding to the lag time between SAT in SVN 

and SST in these regions. It can be seen that the values of the correlation coefficient were greater than Rcr 
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at a significance level of 0.001 occurring only from March to June and September. In addition, the 

maximum correlation coefficients were also less than 0.65. As a result, the confidence may be low if using 

SST in these regions for warning SAT in SVN. 

 
Figure 4. Mean value of the correlation coefficient between the SAT at weather stations and the SST in the 

monitoring regions, in case the lag time between them is taken into account. 

 

SVN is located in the tropical region, on the west coast of the Pacific Ocean and is considered as a place 

where rainfall is significantly influenced by ENSO (Nguyen et al., 2014). However, according to the 

aforementioned analysis, the effects of ENSO on SAT in SVN are not really clear. This is probably due to 

the fact that, in addition to the incident radiation, temperature is the variable influenced by heat transport in 

the surface layer. 

3.2. Correlation coefficient between SST in grid cells and SAT in SVN 

The determination of the correlation coefficient between SST in the grid cells and the SAT in SVN was 

performed with the lag time from zero to several months. The results are shown in Figure 5. The green and 

blue cells had a correlation coefficient at a significance level from 0.05 to 0.001, meanwhile, the yellow 

and orange cells had a correlation coefficient at a significance level of 0.001 or less. The results indicated 

that the high correlation coefficients were mainly located in the tropics. The SAT in SVN was correlated 

with SST in the surrounding sea areas at zero lag time (Figure 5a), with SST in the tropical Indian Ocean 

at the one-month lag time (Figure 5b), and with SST in the tropics on the east coast of the Pacific Ocean at 

the two- to three-month lag time (Figures 5c and 5d). 
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Figure 5. Correlation coefficients between SAT in SVN and SST corresponding to SST data taken before SAT (a) 

zero month, (b) one month, (c) two months, and (d) three months; and (e) the greatest correlation coefficient among 

all cases. 

 

Figure 5e and the PCA results in the following step revealed that there were three regions where their SST 

gained a good relationship with SAT in SVN. The first region (RG1) was located in the tropical Indian 

Ocean from 40oE - 100oE longitude and from 20oS - 20oN latitude, coinciding with the IOBW that was 

determined by the Japan Meteorological Agency. The second region (RG2) was located around SVN from 

102oE - 140oE longitude and 0 – 30oN latitude. The third region (RG3) was the tropical ocean area of the 

eastern Pacific Ocean and part of the Atlantic Ocean from 180oW - 40oW longitude and from 20oS - 20oN 

latitude. 
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Preliminary conclusions on the warning ability of these regions for SAT in SVN can be made based on the 

lag time and magnitude of the correlation coefficients. SST in RG2 had the highest correlation coefficient 

(Figure 5e), but the coefficient corresponding to a lag time of one month or more was quite small (Figures 

5b, 5c, and 5d). Therefore, this area cannot be used for directly warning for SAT in SVN. Compared with 

SST in RG3, SST in RG1 has a better ability to warn for SAT in SVN due to its higher correlation coefficient 

(Figure 5e). 

3.3. Correlation coefficient between the principal components of SST and SAT in SVN 

The input data in the PCA included two types: SST and SSTA. The result showed that the first five principal 

components contained 94.27% of the information in the case of SST data, meanwhile, the counterparts only 

accounted for 77.37% in the case of SSTA data (Table 1). In other words, the amount of information 

contained in the first few principal components of SST data was often much larger than the ones of the 

SSTA data. 

The amount of information contained in the first principal component (hereinafter referred to as PC1) of 

SST data was also higher than that of SSTA data. However, the correlation coefficient between SAT in 

SVN and the first principal components in the case of using SST data was lower than that in the case of 

using SSTA data, and it occurred at all lag times. This was illustrated in Tables 2 and Figure 6. This 

difference was due to the seasonality present in the SST data but not in the SSTA data. 

 
Figure 6. Mean value of correlation coefficient between SAT in SVN and the first principal component of (a) SST in 

RG1 and (b) SSTA in RG1. The horizontal axis represents the number of months in which the SAT data were taken 

later than the principal component data. 

 

Table 1. Cumulative information of the first few principal components of SST and SSTA in RG1. 

 

 
Principal component 

1 2 3 4 5 

SST 55.39% 85.24% 91.06% 92.94% 94.27% 

SSTA 53.90% 63.14% 69.12% 73.41% 77.37% 

 

Table 2. Mean value of the correlation coefficient between SAT in SVN and the first principal component of SST 

and SSTA in RG1. 

 

 Lag time (month) 

 0 1 2 3 4 5 6 7 

SST 0.54 0.51 0.49 0.47 0.43 0.37 0.32 0.27 

SSTA 0.56 0.55 0.52 0.49 0.46 0.44 0.41 0.37 
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In short, for the purpose of using the main components to warn SAT in SVN, the input data in the SSTA 

type has advantages over the SST type. Not only do they give higher correlation coefficients, but their alarm 

times were also longer. In the following sections, the data and results in the PCA were from SSTA data. 

The results of the correlation coefficient analysis between SAT in SVN and the principal components of 

SSTA data in RG1, RG2, and RG3 are presented in Figure 7. It should be noted that Figure 6b was restated 

as Figure 7a for consistency and ease of comparison. It can be seen that the PC1 of these regions all gained 

higher correlation coefficients than the rest components. Except for the first component, the other 

components had a weak relationship with SAT in SVN. 

The PC1 of the SSTA in RG1 (Figure 7a) gained the highest correlation coefficient with SAT in SVN in 

comparison with the principal components of other regions. At a lag time of fewer than 3 months, the mean 

value of the correlation coefficient was higher than the Rcr at a significance level of 0.05. Especially in the 

period from April to November, when the lag time was less than 4 months, the correlation coefficient was 

higher than the Rcr at a significance level of 0.001. Compared with the correlation coefficient between SAT 

in SVN and SST in the Niño regions (Figure 3), the correlation coefficient in Figure 7a was much higher. 

It means that the PC1 in RG1 has a better ability to warn SAT in SVN. 

 
 

Figure 7. The mean value of the correlation coefficient between SAT in SVN and the first five principal components 

of SSTA in RG1, RG2, and RG3. 

 

For the PC1 of the SSTA in RG2 (Figure 7f), the correlation coefficient was only high at zero lag time. 

This is consistent with Figure 5, and it shows that this component cannot be used in warning SAT in SVN 

directly. For the PC1 of the SSTA in RG3 (Figure 7k), the correlation coefficient was only evident from 

April to June with a lag time of one to three months. Thus, among the SSTs of the EL Niño monitoring 
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regions and the principal components of the SSTA in RG1, RG2, and RG3, only the PC1 in RG1 is the 

most suitable for warning SAT in SVN. 

Based on EFA, grid cells, in which their SST related to the PC1 in RG1, were identified (Figure 8). It can 

be seen that these grid cells are located mainly in the region from 55oE to 95oE longitude and from 6oN to 

4oS latitude. In other words, the SST in the central equatorial Indian Ocean (CEIO) is the factor showing 

the influences on SAT in SVN. Statistical results showed that this was an area with relatively high SST, 

with the monthly average temperature in the period 1978-2018 ranging from 28.4oC to 29.6 oC and the 

highest temperature occurring in the months from March to May. The standard deviation of the SST in this 

region was little changed by months. It ranged from 0.31 oC to 0.38 oC, in which, the months from May to 

October had the largest standard deviation. 

 
 

Figure 8. Grid cells where their SST related to PC1 in RG1 

3.4. Establishing a warning index for SAT in SVN based on PC1 in RG1 

The conditions for the establishment of a warning index for SAT in SVN based on PC1 in RG1 were similar 

to ONI. They included: (1) the 3-month moving data series were used; (2) each hot and cold phase must 

last at least 5 months; and (3) the occurrence of hot and cold phases accounted for about 25% of the time. 

To build this index, PC1 in RG1 was standardized with a mean of zero and a standard deviation of one. 

After that, the upper and lower thresholds of warm and cold phases were selected. Under the mentioned 

conditions, the thresholds were determined as 0.4. Because this index was based on the PC1 in RG1, it is 

hereafter referred to as RG1I and is shown in Figure 9. 

 
 

Figure 9. Time series of ONI and RG1I. The dashed lines are the values of RG1I for 25% and 75% frequencies, 

respectively. 

 

Based on the RG1I, from 1977 to 2018, there were 10 warm phase events and 12 cold phase events 

corresponding to the cumulative periods of 106 and 117 months, respectively. Meanwhile, based on ONI, 

there were 11 warm phase events and 12 cold phase events corresponding to the cumulative periods of 110 

and 113 months, respectively, during this period. The phase overlap between ONI and RG1I was only about 

61%. Analysis of the correlation coefficient between ONI and RG1I showed that the largest correlation 
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coefficient of 0.72 occurred when RG1I data were taken more than 3 months later. In other words, SST in 

RG1 fluctuated 3 months later than SST in the Niño 3.4 region. Thus, RG1I is closely related to ONI. 

To evaluate the warning ability of RG1I for SAT in SVN, the analysis of the temperature difference between 

the warm and cold phases (T) of SVN based on the phases of ONI and RG1I was performed (Figures 10a 

and 10b). Compared with using ONI, there was a marked increase in T when using RG1I. The average 

value of T was 0.37oC and 0.65oC when using ONI and RG1I, respectively. When using RG1I, T was 

most pronounced in the months from January to May. These were the months when drought and heatwave 

were common in this area. It can be said that RG1I can be useful in heatwave warning for SVN.  

From July to September, T was not large. It may be due to the lower temperature fluctuations in these 

months compared to the rest of the months (Figure 10c). The combination of Figure 7a, Figure 10b, and 

Figure 10c showed that T will be large in months where the correlation coefficient between SAT and 

RG1I was large, and the standard deviation of the SAT was high. 

 
 

Figure 10. The temperature difference between the warm and cold phases based on (a) ONI and (b) RG1I; and (c) 

the standard deviation of the monthly average temperature of the monitoring stations. 

4. CONCLUSION 

This study determined the Pearson correlation coefficient between SAT in SVN and SST in the Niño regions 

and the IOBW region. The result showed that the relationship between them was quite low. Thus, the 

possibility of using SST in these regions for warnings SAT in SVN is very limited. 

The calculation of the correlation coefficient between SAT in SVN and SST according to grid cells showed 

that there were 3 regions where SST gained a good relationship with SAT. RG1 was located in the tropical 

Indian Ocean, RG2 surrounded SVN, and RG3 was in the tropical eastern Pacific Ocean and part of the 

Atlantic Ocean. The result of PCA of SST in the three regions showed that only PC1 in RG1 gained a good 

relationship with SAT in SVN, and the input data in SSTA type gave a higher correlation coefficient than 

in SST type. RG1I, which was standardized from PC1 in RG1, had a pretty good relationship with ONI 

corresponding to a correlation coefficient of 0.72. In addition, analysis of ONI and RG1I-based events 

revealed that they had some similarities. These included 61% overlapping months and an approximation of 

total months for the hot and warm phases. When analyzing SAT in SVN, the advantage of RG1I was that 

it gave a higher temperature difference between the hot and cold phases than ONI, at 0.65oC and 0.37oC, 

respectively.  

Since the correlation coefficient between ONI and RG1I was quite high, the relationship between PC1 in 

RG1 and SAT in SVN can be partly explained through the activity of ENSO. The study was not possible 

to analyze the interactions between the oscillation over time of the SST in the CEIO area and the 

atmospheric circulation in the study area. 
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Abstract. Many food scientists now have the current study trend of using aquafaba as an egg/milk 

replacement in processing foam products.  The objectives of this work were to establish a foam–emulsion 

cream formula from lablab bean aquafaba combined with aloe vera gel and xanthan gum to replace 

eggs/milk in making cold desserts. The aquafaba was obtained by boiling beans with water with the 1:6 

(w/w) ratio and then filtering to collect the viscous liquid. After that, it was frozen at -4oC to carry out 

further investigations. The liquid obtained from cooking beans is called "aquafaba". This solution was 

treated with pH (acid citric) and table salt (NaCl) to examine properties such as foaming ability, foam 

stability, and foam hardness. Then, the foam system was continuously combined with sugar, aloe vera gel, 

canola oil, and xanthan gum to form an emulsion. Properties of emulsion such as emulsifying ability, 

emulsion stability, and emulsion hardness then were measured. The result was investigated for the formula 

to be the replacement for eggs/ milk such as pH of aquafaba was adjusted to 5 using acid citric, adding the 

following ingredients such as 0.5% of xanthan gum, 20% of sugar, 0.6% of corn starch, 0.5% of aloe vera 

gel and 4% of canola oil (% of aquafaba volume). This research has shown that the lablab bean auqafaba 

could replace eggs/milk in making plant-based cold desserts, reducing the livestock industry's burden and 

the global food security.   

 

Keywords. Aquafaba, Egg replacement, Emulsifiers, Lablab bean, Milk-free whipping. 

1. INTRODUCTION  

Environmental issues are being concerned by humanity. The dramatic increase in the human population 

recently is causing more and more problems on feeding, forcing scientists to find out how to reduce the 

burden of the livestock industry. The answer might be found in using plant-based protein.  

The egg is an excellent source of nutrition. Thanks to its functional properties, such as foaming ability and 

binding ability, it is variously used in baking, making whipping cream, forming an emulsion, and creating 

food flavour.1 However, some children and adults are reported to be allergic to eggs, causing symptoms 

like vomiting. And overeating eggs can also cause cardiovascular diseases.2 Therefore, finding good plant-

based protein sources to replace eggs is one of the urgent issues to meet the current trends. Plant-based 

protein is good for health, and a plant-based diet, becoming more popular.3 For better health, it is 

recommended that consumers reduce their consumption of animal products and increase the number of 

plant foods in their daily meals. Plant-based protein has many benefits for health and the environment.4 

Beans are considered the ideal food source that can be used to replace animal-based protein products. The 

Food and Agriculture Organization of the United Nations (FAO) launched 2016 as The International Year 

of Pulses with the slogan "Nutrients for a sustainable future" to enhance people's perception of beans' 

nutritional value and health benefits. According to FAO, protein from beans can completely replace those 

from animals. It is ideal for providing people from developing countries with better national conditions and 

a sustainable food source for the future (http://www.fao.org/pulses-2016/en/). 

Lablab bean (Lablab purpureus) is a bean species native to Africa and cultivated throughout Southeast 

Asia. In Vietnam, the lablab bean is usually grown in the northeast provinces. It is non–oilseed legumes 

mailto:nguyenthiminhnguyet@iuh.edu.vn
https://www.mdpi.com/search?q=emulsifiers
https://www.mdpi.com/search?q=egg-free%20products
http://www.fao.org/pulses-2016/en/
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containing 18-25% of protein (by weight). Due to its good balance of amino acids, lablab beans may be 

considered a suitable replacement for animal-based protein. It was proved that carbohydrate is the main 

chemical component of the bean with 67.9 ± 4.2%, the following is a protein with 17.1 ± 1.5% and ash 3.6 

± 0.1% counting on the wet basic. The balance of protein in lablab bean was said to be lower than which 

was available in jack bean (23 – 30%), pigeon pea (22.6%), and cowpea (29.3%).  The globulin fraction 

was dominant in the protein with 55%, following with albumin (18%). The amount of 11S globulin was a 

meagre 9.44%, while 7S globulin was 20.5%.5 The ingredients generally used in baking or preparation of 

ice cream were egg and milk. In recent years, consumers have searched for healthy food, which encouraged 

new products with similar sensory characteristics to traditional ones.6 Ice cream is worldwide recognised. 

The ideal of producing ice cream with ingredients that promote health can make it an acceptable way to 

provide nutrition and energy for consumers looking for healthy and enjoyable sensory food.   

"Aquafaba", the viscous liquid resulting from cooking beans in water, is now widely used as an egg/ milk 

replacement in the vegan community thanks to its high bioavailability and functional characters due to the 

foaming ability and gelling ability.7 Evidence suggests that "aquafaba" is among the essential factors for 

replacement egg/milk in making many dessert products. Most of the reports utilise aquafaba obtained from 

chickpea and canned chickpea. For example, Aquafaba obtained from each chickpea can produce foam that 

differed in properties and stability.8 The work of He et al.8 also selected chickpea cultivar to make aquafaba 

with superior emulsion properties;  identified the components of aquafaba obtained from commercially 

canned chickpeas that contribute viscosifying/thickening properties using nuclear magnetic resonance 

(NMR), ultrafiltration, electrophoresis, and peptide mass fingerprinting9; or compared the texture and 

colour of sponge cake were made from aquafaba derived from ten different brands of canned and egg 

white.10 To date, there has been little observed on other beans. More and more researchers are working on 

finding substitute ingredients for making ice cream healthier in this context. This paper is part of a series 

of studies that acquired and leveraged aquafaba from other legumes with different inclusion methods, such 

as collecting lima bean cooking water and applying this aquafaba in eggless cupcakes.11 

The objectives of the paper were to develop a formula for a stable emulsion using lablab bean aquafaba, 

aloe vera gel, and xanthan gum as a substitute for the emulsifier with the following specific content: 1) 

identify the suitable ratio of beans and water to develop a foam system; 2) assess the importance of the pH 

value and table salt content in examining foam properties; 3) examine the effect of canola oil on the 

whipping cream properties.  

2. MATERIALS AND METHODS 

2.1. Materials 

Lablab beans: Agricultural products purchased at Duc Trong, Lam Dong, Viet Nam. Nutrition components: 

humidity 9.96 ± 0.47%, total protein 25.25 ± 3.72%, lipid 16.53 ± 0.95%, ash 5.48 ± 0.82%.  

1 Xanthan gum: PME Baking Essentials - Xanthan Gum, 20gr (France).   

Aloe vera: 400-450 gr/leaves, from Duc Trong, Lam Dong, Viet Nam. The aloe vera was peeled out and 

blended to receive the gel.  

2 Sugar: Pro Baking sugar, 1Kg, a product of Bien Hoa Sugar co Ltd.  

Oil: Simply canola oil, 1L, a product of Cailan Oils and Fats Industries Company.  

3 Acid citric: crystalline powder, Food Grade Anhydrous, code c6h807. 

The chemicals used in the analysis of saponin and soluble protein contents all met the analytical standards. 

2.2. Whipped cream preparation 

Dried lablab beans were soaked for 8 hours before being peeled. After peeling, beans were boiled in water 

at 2000W, the ratio of bean and water (w/w) 1:3, 1:4, 1:5, 1:6, and 1:7. Once it boiled, the power was 

adjusted to 400W and cooked for 50 minutes. The liquid was cooled down in capped pol, filtered through 

cloth to collect the aquafaba, packed in zipper bags (7 × 10 cm), and stored at -4°C freezer (Sanyo, Vietnam) 

for further experiments. Frozen aquafaba water was thawed at room temperature (29 ± 3°C) until 

completely melted. 100 ml of aquafaba (8-10°C) was whipped at a speed setting of 2 for 30 s. Raised to 

level 5, beat for another 2min 30s, then slowly add in the following order: xanthan gum - 2min, add sugar 

- aloe vera gel- corn starch for 2 min. Finally, added oil (1, 2, 3, 4, and 5%) and whipped lightly at a speed 

of 3 for 30 seconds to obtain the whipped cream. 



International Symposium for Green Solutions (ISGS 2022) 

156  ©2022 Industrial University of Ho Chi Minh City                                                                                

2.3. Determination of foam properties 

2.3.1. Measurement of Foam textural properties  

Foam textural properties were prepared according to the procedure used by Rahmati and Mazaheri Tehrani12 

with light adjustment. Whipping recombined xanthan gum, sugar, aloe vera gel, and canola oil after being 

whipped would be added into a cylinder ∅60mm in diameter and 30mm in height, using the straight ruler 

to make sure the foam was equal to the cylinder height. The TPA analysis with a cylindrical probe was 

used. Probe velocity was two mm/s with a compression target of 50% deformation comparing to the 

original, compressing two times with the force of 0.01N, speed before test 2.0 mm/s. Foam textural 

properties were expressed in terms of hardness value (Hardness). With a survey on foam cream, the probe 

speed was 2mm/s.  

2.3.2. Measurement of foam capacity and foam stability 

Foam properties, including foaming ability and foam stability, were analysed based on a conceptual 

framework proposed by Lafarga et al.13  

Foaming capacity (FC) 

50ml of aquafaba after whipped was put into the 250ml cylinder. The foam volume was measured. The 

time that placed the foam in the cylinder to record results should not exceed 2 minutes. 

 FC (%) = 
𝑉 𝑜𝑓 𝑓𝑜𝑎𝑚 𝑎𝑓𝑡𝑒𝑟 𝑤ℎ𝑖𝑝𝑝𝑖𝑛𝑔 −𝑉 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑 𝑏𝑒𝑓𝑜𝑟𝑒 𝑤ℎ𝑖𝑝𝑝𝑖𝑛𝑔 

𝑉 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑 𝑏𝑒𝑓𝑜𝑟𝑒 𝑤ℎ𝑖𝑝𝑝𝑖𝑛𝑔
 𝑥 100                              (1) 

where: FC: foam capacity (%); V: volume (ml) 

Foam stability (FS) 

After whipping, the foam was put into a 250 ml cylinder. The foam volume was measured. The time the 

foam was placed in the cylinder to record results should not exceed 2 minutes. Allowing the foam to stand 

for 30 minutes and measuring the foam volume after 30 minutes. 

 FS (%) = 
𝑉 𝑜𝑓 𝑓𝑜𝑎𝑚 𝑎𝑓𝑡𝑒𝑟 30𝑝−𝑉 𝑓𝑜𝑎𝑚 𝑎𝑓𝑡𝑒𝑟 𝑤ℎ𝑖𝑝𝑝𝑒𝑑  

𝑉 𝑜𝑓 𝑓𝑜𝑎𝑚 𝑎𝑓𝑡𝑒𝑟 𝑤ℎ𝑖𝑝𝑝𝑒𝑑 
 𝑥 100                                               (2) 

where: FS: foam stability (%); V: volume (ml) 

2.4. Determination of saponin and soluble protein contents   

The total saponins were analysed based on the change of the maximum absorption wavelength of the 

solution of vanillin acetic acid with the reagent perchloric acid (HClO4) when complexing with saponins.14  

The soluble protein was determined according to the procedure of Bradford.15    

2.5. Determination of emulsion properties 

Measure the emulsion capacity and the emulsion stability was based on the conceptual framework proposed 

by Lafarga et al.13   

2.5.1. Measurement of emulsion capacity (EC) 

The emulsion was transferred into test tubes. The height of emulsion in test tubes was measured. Emulsion 

then was centrifuged at 1000 rpm in 2 minutes. Emulsion capacity was calculated as equation (3): 

𝐸𝐶 (%) =  
ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑢𝑙𝑠𝑖𝑜𝑛 𝑎𝑓𝑡𝑒𝑟 𝑏𝑒𝑖𝑛𝑔 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒𝑑 

ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑡𝑖𝑖𝑎𝑙 𝑒𝑚𝑢𝑙𝑠𝑖𝑜𝑛 
 𝑥 100                                          (3) 

2.5.2. Measurement of emulsion stability (ES) 

Emulsion stability against high temperature was determined in the emulsion heated at 80C in 30 minutes 

and centrifuged at 1000rpm in 2 minutes.  Emulsion stability was calculated as (4). 

𝐸𝑆 (%) =  
ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑚𝑢𝑙𝑠𝑖𝑜𝑛 𝑎𝑓𝑡𝑒𝑟 𝑏𝑒𝑖𝑛𝑔 ℎ𝑒𝑎𝑡𝑒𝑑 𝑎𝑛𝑑 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒𝑑 

ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑒𝑚𝑢𝑙𝑠𝑖𝑜𝑛
 𝑥 100                             (4) 

2.6. Measurement of Overrun (Overrun, OR) 

The overrun was measured according to the adjusted method written in Ning Liu's report.16 The overrun 

was related to the mass of the volume and the density of the cream before being whipped. Therefore, it was 

determined as (5). 

𝑂𝑅 (%) =
(𝑚 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑 𝑏𝑒𝑓𝑜𝑟𝑒 𝑏𝑒𝑖𝑛𝑔 𝑤ℎ𝑖𝑝𝑝𝑒𝑑)−(𝑚 𝑜𝑓 𝑐𝑟𝑒𝑎𝑚 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 )𝑥 100

𝑚 𝑜𝑓 𝑐𝑟𝑒𝑎𝑚 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
                (5) 
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2.7. Measurement of creaming rate (Creaming Rate, CR) 

Creaming rate index was followed by Rahmati's report17: 10ml of the prepared emulsion was transferred 

into a glass jar, the initial emulsion height was measured, then capped and stored at  4C. During storage, 

samples were separated into an opaque creamy layer at the top and a transparent serum layer at the bottom. 

After five days of storage, the height of the cream was measured. The creaming rate was expressed as (6). 

𝐶𝑅 (%) =  
ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑒𝑎𝑚 𝑎𝑓𝑡𝑒𝑟 𝑏𝑒𝑖𝑛𝑔 𝑠𝑡𝑜𝑟𝑒𝑑 𝑥 100

ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑢𝑙𝑠𝑖𝑜𝑛 𝑎𝑓𝑡𝑒𝑟 𝑏𝑒𝑖𝑛𝑔 𝑡𝑢𝑏𝑒𝑑  
                                   (6) 

2.8. Statistical analysis 

All the experiments were performed in triplicate. Statistical analysis was performed using Statgraphics 

Centurion XV software. The study of variance ANOVA and means were compared by LSD at significance 

levels of 5%. The result was performed by Mean ± SD (standard deviation). 

3. RESULTS AND DISCUSSIONS 

3.1. The effect of the ratio of beans: water (w/w) on the foam properties 

 

Table 1. Determine the soluble protein and total saponin contents of lablab bean aquafaba 

The table shows mean ± standard deviation, different characters (by column) represent the significant difference 

α=0.05. 

 

According to many reports, the components of the bean that make it has foaming ability are mainly soluble 

proteins and saponins. So, to determine the foaming capacity and foaming stability, the number of soluble 

proteins and saponins were investigated. The results were shown in Table 1.  

Table 1 showed that the soluble protein is highest at 1:7 ratio. This ratio was related to the excellent foaming 

capacity and foaming stability above. However, the foaming ability and foaming stability were not highest 

at the 1:7 ratio. It was proved that there was not much protein with foaming properties in the soluble proteins 

of the aquafaba. Table 1 showed that the foam capacity and the foam stability might result from the 

interaction between the soluble protein and the saponins in the aquafaba. These results about FS and saponin 

at the ratio = 1:5 (w/w) reflect Stantiall et al.7. They also found that the highest saponins content 

corresponded to the highest foam strength (FS). The phytochemicals in legumes combined with water and 

air, making saponins able to create foam.  It was also hypothesised that carbohydrate, protein, and saponins 

were components that allow aquafaba to create foam. Thus, with the results obtained from the experiment, 

we could explain the foaming of aquafaba due to two parts, saponins and soluble proteins. The results 

showed that the highest FC value was measured at a 1:6 ratio; the foam stability could be improved by 

adjusting pH value or factors such as ion concentration (table salt) and xanthan gum. Therefore, the 1:6 

ratio was chosen to continue the following survey.  

  

Ratio  of beans: 

water (w/w) 
FC(%) FS(%) Saponins (ppm) 

Soluble protein 

(mg/mL) 

1:3 258.00a±75.97 85.08a±2.79 161.85a ± 14.48 61.59d ± 8.65 

1:4 373.33b±20.53 84.16a±2.24 301.20c ± 6.01 28.08c± 3.23 

1:5 478.00cd±27.06 87.74b±1.09 441.00d ± 8.46 21.52bc ± 0.78 

1:6 501.33d±26.41 85.06a±0.96 257.04b ± 30.28 19.82b ± 1.81 

1:7 410.67bc±15.01 82.92a±1.08 187.53a± 16.48 11.86a ± 1.24 
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3.2. The effect of pH value and table salt content on foam properties 

Table 2. Foam characteristics and content of the foaming agent 

 

Experiments FC (%) FS (%) Saponins (ppm) Hardness (g) 

1:6 ratio, 0.1% 

table salt 
607.33bc±54.85 90.48b±1.75 268.48c±11.44 0.22ab±0.02 

1:6 ratio, 0.2% 

table salt 
497.33a±53.52 88.34a±0.81 216.00b±16.54 0.20a ± 0.00 

1:6 ratio, pH 5 682.66c±39.10 94.42c±1.27 438.13d±25.24 0.26b±0.04 

1:6 ratio, pH 5, 

0.1% table salt 
582.00b±23.57 90.61b±0.52 152.83a±49.63 0.21a± 0.01 

1:6 ratio, pH 5, 

0.2% table salt 
604.00bc±40.59 92.30b±0.73 158.62a±11.44 0.20a±0.01 

The table shows mean ± standard deviation, different characters (by column) represent the significant difference 

α=0.05. 

By the present results at 1:6 ratio and pH of 5, previous studies have demonstrated that the highest saponin 

content corresponded to the highest foam strength (FS), the phytochemicals in legumes were able to 

combine with water and air, making saponins able to create foam.7 To improve the foaming properties of 

the chickpea cooking water (not from canned chickpea), this is necessary to adjust the pH of 4 and add table 

salt to 0.3 % (g/ml)18. Contrary to expectations, this study did not find a significant difference between table 

salt and foam properties. The table salt showed no effect on the properties under investigation; when the 

table salt concentration increased by 0.1-0.2%, there was still no significant difference in properties.  Hence, 

it was acceptable to conclude that table salt does not affect improving the foam properties. But, in contrast, 

adjusting pH could cause significant differences in extracting saponins, enhancing the foam properties. 

Therefore, pH could play a role in making the suitable environment to improve the foaming agents in the 

aquafaba or creating the environment that denatures lamella foam membranes so that the foam could have 

the best properties.  

It was impossible to investigate the significant relationships between table salt and foam properties further 

because the results presented in Table 2 showed that the ratio of 1:6 (w/w) and pH of 5 showed that all the 

examined values were the highest in comparison with the remaining samples.  These can be recommended 

for applicating to develop an emulsion that can be used in making whipped cream. 

3.3. The effect of oil content on the whipping cream properties 

Oil has a significant impact on the emulsion; after a preliminary investigation mentioned in section 2.2, the 

oil is added with 2, 3, 4, and 5% (w/v). The results were shown in Table 3.  

The pH value significantly affected the hydration capacity of protein, thus affecting the functional 

properties of proteins, including foaming properties and forming an emulsion. The excellent solubility of 

the protein in legumes was usually in a pH range above 6.5.19 However, the solubility of lablab beans protein 

enhances in the pH range from 5 – 6. The result in Table 3 showed that the emulsion capacity and emulsion 

stability were significantly high at a pH of 5 and an oil content of 4%. This result was similar to that 

observed during the preliminary investigation of the foaming ability of the lablab beans.5  
 

Table 3. The effect of oil content on the whipping cream properties 

 

Oil (%) EC (%) ES (%) Hardness (g) OR (%) CR (%) 

1 67.32b±7.86 7.74ab± 0.52 0.35ab±0.02 46.97bc±2.49 19.05d±1.02 

2 75.42b ± 6.79 9.40c± 0.45 0.32a±0.03 52.00bc ±11.43 14.88c±2.73 

3 86.61c ±0.78 13.81d±0.88 0.33ab±0.03 57.25c±7.11 11.91c ±2.73 

4 71.13b ±5.65 9.05bc±1.51 0.33ab±0.02 40.80b±4.33 6.55b±1.03 

5 39.58a ± 1.86 6.85a±0.27 0.37b±0.03 3.41a ±1.38 0.00a±0.00 
The table shows mean ± standard deviation, different characters (by column) represent the significant difference 

α=0.05. 

 



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   159 

The emulsion stability was demonstrated by its ability to reduce the surface tension between oil and water 

through the interaction between proteins and carbohydrates. The highest ES value (13.81±0.88%) was 

observed at 4% of oil, identical with the EC (86.61±0.78%). The solubility of the protein, the high soluble 

protein in aquafaba, can enhance the water holding capacity and the ability to bind the fat molecules, which 

was suitable for explaining why the EC (%) and ES (%) values were both significantly high at 4% of oil. 

In addition, the stability of emulsion also depends on the ionic concentration of the medium. Xanthan gum 

is an anionic so that its availability can enhance the ionic concentration in the medium. 

Moreover, xanthan gum can also increase the viscosity in both alkaline and acidic environments. Sugar and 

aloe vera gel improves the flavour, and xanthan gum can play a role in surfactants, creating structural 

stability and stabilising the emulsion system. This may be explained by the hydrophilic and hydrophobic 

groups combined with polysaccharides, protein, sugar, and xanthan gum. It will act as the surfactant, and 

through hydrogen bonds, electrostatic repulsion makes the emulsion stable. 

Structural character is one of the most important characters of food. One crucial thing was forming a 

whipping cream with a better structure.20 The particular system of the whipping cream results from a 

balance between the aggregated molecular (in the serum) and the surface-mediated partial agglutination (on 

the surface of the air bubble). There have been studies proving the formation of an oil/water multilayer 

emulsion system when there was an interaction of sugar biopolymer, protein, and xanthan gum.21 With 

whipping cream, the air bubbles were continuously dispersed in the solid phase and stabilised by 

surfactants.17 It can be explained by the interaction between sugar – protein – xanthan gum.  

The overrun value at 4% of the oil was significantly higher than the remaining. It was suitable with the EC 

and ES values. A possible explanation for this might be that the amount of xanthan gum, aloe vera gel and 

sugar were fixed in experiments. The overrun resulted from the velocity of partial coalescence of fat and 

protein concentration in a liquid phase. On the other hand, partial coalescence's velocity depended on 

surfactants and fat molecules' protein.16 Therefore, the results in Table 3 can be confirmed in the direction 

of the surfactant content that most effectively affects aquafaba at the oil of 4%. At this level, the xanthan 

gum molecules and sugars were optimised in keeping the fat molecules in a fixed position to prevent them 

from moving closer together. The overrun value depended on two factors: surface-mediated partial 

coalescence and the adsorption of the air bubble on the surface of the protein. When whipping, fat globules 

and proteins were absorbed onto these interfaces, forming a film. When the protein was high, the dense 

adsorption layer formed, restraining the coalescence of semi-solid fat droplets. The interfacial film was too 

thick to be pierced by fat crystals. As a result, it was hard to incorporate enough air during the whipping 

operation.22 At 4% of oil, emulsion capacity was high, and it had a linear correlation with the OR index. 

These two factors were both associated with a high concentration of soluble protein in the solution. It also 

accords with our earlier observations, which showed that a high OR was associated with a high stability 

index of the emulsion system.16  

The experimental fact of this study showed that the foaming process goes through three distinct stages. 

First, bubbles formed in 0 – 1 minutes mainly because of the protein in the liquid phase. The velocity of 

partial coalescence of fat was very slow, so stable bubbles could not be created. Second, during 2–4 min of 

whipping, an increasing number of large bubbles broke into tiny bubbles because of the gradual increase of 

partial coalescence of fat. During this stage, surfactants were added, and the foam structure becomes stiffer. 

The cause of this phenomenon was that surfactants such as xanthan gum, aloe vera gel, and sugar impact 

fat, protein, and water molecules. Aloe vera contains 75 chemically active constituents, especially saponins, 

which are soapy substances. Saponins are powerful surface-active agents that create foam when mixed with 

water, so aloe vera gel has been used as a foaming agent.23 Finally, when whipping up to 8 minutes, the 

whipping tolerability of bubbles became weak. As a result, the obtained tiny bubbles broke into large 

bubbles. If it lasted too long, the bubbles would merge, and the size increases, causing the foam to crack, 

forming serum. 

Contrary to expectations, this study did not find any evidence for hardness value and other investigated 

values. At 6% of the oil, the survey values were the lowest except for the hardness values. A possible 

explanation for this might be that oil could be a significant factor in causing probe resistance; therefore, the 

higher the hardness, the higher the hardness (see Table 3). These results suggest that hardness is not a 

characteristic of whipped cream derived from aquafaba. 
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The high creaming rate (CR) index showed that the emulsion is unstable. Table 3 indicated that the emulsion 

was more stable at 4% of oil.  The explanation for this result was that the interaction between protein and 

gum forms a multilayer emulsion system. A stable emulsion had a low creaming rate index. The results of 

the experiment showed that there was no creaming at 6% of oil. At 4% of oil, the CR index was also 

significantly low compared to other levels. This phenomenon can be explained based on the potential 

difference in the ionic layer around the viscosity of the aqueous phase in xanthan gum.16   

4. CONCLUSION 

The present study has been one of the first attempts to thoroughly examine a formula for a stable emulsion 

system made mainly from lablab bean aquafaba, aloe vera gel, and xanthan gum. The emulsion obtained 

from this study has some whipping cream properties such as emulsion capacity, emulsion stability, overrun, 

and creaming rate, which was suitable for processing whipped cream without milk and egg. Further work 

is required to establish the viability of whipped cream derived from aquafaba in baking goods, which is a 

significant challenge for the food industry. However, making alternative products with fine structure, 

sensory characteristics, and nutritional value is still challenging.  
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Abstract. A series of new twenty-two metal-thiosemicarbazone complexes (ML2) were developed on the 

basis of the quantitative structure-property relationship (QSPR) models. The study used the semi-empirical 

quantum with new version PM7 and PM7/sparkle for optimizing the structure of complexes and calculating 

quantum molecular descriptors; meanwhile, the molecular descriptors (0-3D) were calculated on the 

QSARIS tool. The QSPR models were built on a data set including 74 values of the stability constants 

(log12) by using the multivariate linear regression (MLR) and artificial neural network (ANN) methods. 

The quality of the built QSPR models was fully evaluated by the statistical values of the OECD principles 

and the criteria of Tropsha. The built QSPR models consisted of three variables and the best QSPRMLR6 

models received the results as R2
train = 0.985; Q2

CV-LOO = 0.981; RMSE = 0.503. Besides, the QSPRANN I(3)-

HL(6)-O(1) model was generated from the descriptors of QSPRMLR3 models and got gained good results as 

R2
train = 0.998; Q2

test = 0.997; Q2
validation =  0.998. The results from the models can be used to find out the 

new derivatives for applications in the fields of analytical chemistry, environment, and medicine. 

 

Keywords. Artificial neural network, multivariate linear regression, QSPR, stability constants log12, 

thiosemicarbazone. 

1. INTRODUCTION 

Thiosemicarbazone is a derivative representing an important group of Schiff compounds bearing donor 

atoms such as sulfur and nitrogen [1]. This suggests that they have structural diversity and specificity which 

lead to their wide applications. In the years of the middle 20th century, thiosemicarbazone appeared and 

demonstrated essential applications in the field of drugs against dangerous diseases [2]. In the same years, 

the first anticancer activities of thiosemicarbazones were discovered [2]. This has resulted in a wide range 

of biological activities including antibacterial, antifungal, antimalarial, antiproliferative, anti-inflammatory 

and antiviral which have also been successfully studied and tested [2]. 

In recent years, a method of new-compound development has been interested in the theoretical research 

community. The foundation of this method is based on quantum chemistry combined with statistical 

mathematical tools and machine learning methods on the development of mathematical tools combined 

with the introduction of computer software and advanced algorithms as well. This research method is 

applied and developed in many fields such as drug development, and new-compounds findings... [3]. These 

approaches are based on the quantitative structure and properties/activity/toxicity relationship, so they often 

have different expressions [3]. In fact, a lot of work has been published using this approach technique [4,5]. 

Besides, the characteristic of thiosemicarbazone contains nitrogen and sulfur donors in the structure, so 

thiosemicarbazone derivatives are also easy to form complexes with metal ions and these complexes also 

have properties and applications similar to thiosemicarbazone derivatives. This has been demonstrated by 

published experimental work and has great applications in analytical chemistry, which used these ligands 

as potential reagents to determine metal ions [6]. This is a cheap and easy method by using UV-VIS 

equipment to analyze heavy metal ions that are harmful to humans [6]. Meanwhile, the ability to form 

complexes of metal ions and ligands in aqueous depends on many factors and is evaluated through the value 

of the stability constants of the complexes. Therefore, the development of new thiosemicarbazone 
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derivatives with outstanding advantages and multiple applications through stability constant values has 

always been a matter of interest to chemists. 

In this study, we had used a modeling technique of the quantitative structure-properties relationship (QSPR) 

by means of two different techniques to build regression models such as multivariable linear regression 

(QSPRMLR) and artificial neural network (QSPRANN), in which the ANN model has better predictive ability 

than the MLR model and it is often widely used as a machine learning method. The structures of the 

complexes were optimized by semi-empirical quantum calculations with the new versions PM7 and 

PM7/sparkle [7]. Molecular descriptor parameters (0D-3D) and quantum parameters were calculated from 

the optimized complexes. The construction of these models complies with the guidelines of the OECD [8] 

and the Tropsha’s indicators [9]. Then, we used the models to design a series of novel ligands and 

complexes, the new complexes were carefully screened based on the variables of models and to predict 

stability constants by using the built models. It is also important that new complexes located in the 

applicability domain (AD) will be calculated stability constants of complexes, and if it is outside of the 

applicability domain (outliers) then will be discarded [8]. 

2. COMPUTATIONAL METHODS 

The technique of the quantitative structure and properties relationship modeling goes through a series of 

steps. In which, data mining from published experimental works is the first step in research [3,8]. 

2.1. Data mining and selection of data set  

This work used mononuclear complexes (ML2) between thiosemicarbazone (L) and metal ions (M), in 

which thiosemicarbazone is the bidentate ligand. The general structure of this ligand and their complex is 

depicted in Figure 1. In general, the formation of this complex form the following reaction [10]: 

p M + q L   ⇌   MpLq  (1) 

Here, the stability constant is used as the output value of the model in the QSPR modeling method, so it is 

calculated on the reaction (1) according to the following formula [10]: 

   

p q

pq p q

M L

M L


    (2) 

Because the study uses a complex of the ML2 form, and this complex consists of a metal ion M (p = 1) and 

two ligands (q = 2), the formula (2) is rewritten as follows:  

 

  
a) 

 
b) 

Figure 1. Molecular structure: a) thiosemicarbazone ligand; b) complex of thiosemicarbazone with metal ion 

Data mining uses secondary collection techniques. Firstly, a big data set consisting of stability constants of 

experimental ML2 complexes between thiosemicarbazone and metal ions were collected from published 

researches. Then, using the k-means cluster analysis technique to divide into small data clusters leads to 

spatial partition of data into Voronoi cells [3]. This algorithm was introduced by McQueen in 1967 [11], 

while the other similar algorithms were developed by Forgey in 1965 [12] and Friedman in 1967 [13]. 
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Consequently, a data set including 74 stability constant values of complexes was used in this study to build 

QSPR models and it is presented in Table 1. 

Table 1. The 74 stability constants of complexes (n) in experimental dataset with minimal (logβ12,min) and maximal 

(logβ12,max) values 

No 
Thiosemicarbazone ligand Metal 

ions 

Number of 

complexes, n 
logβ12,min logβ12,max Ref. 

R1 R2 R3 R4 

1 H -C6H5 -CH3 -CCH3=N-OH Cu2+ 4 6.1732 7.2878 [14] 

2 H -CH3 -CH3 -CH=N-NHC6H5 Cu2+ 3 22.820 23.440 [15] 

3 H -CH3 -CH3 -CH=N-NHC6H5 Ni2+ 3 20.820 21.400 [15] 

4 H H -CH3 - C10H12NO Cu2+ 16 8.0692 8.3558 [16] 

5 H H -CH3 - C10H12NO Hg2+ 16 10.3015 10.7054 [16] 

6 H H -CH3 - C10H12NO Ag+ 16 9.1984 10.1929 [16] 

7 H H -CH3 - C10H12NO Ni2+ 16 6.7229 6.9270 [16] 

 

2.2. Descriptors 

The QSPR model is represented by a mathematical equation, in which there is a correlation between the 

properties of the research substance and the quantitative molecular parameters called the descriptor [3]. 

This correlation is formed by using chemometric tools to build a statistically significant QSPR model. 

Molecular descriptors are intended to describe the structural information of the studied molecule and they 

are a set of quantitative values related to chemical structures and different physicochemical properties. The 

developed model provides significant insight into the structure of the molecule with a chemical response 

such as the properties or the activity of the studied molecule [17]. To summarize, the objective function in 

the QSPR model can be represented by the descriptor's mathematical function as equation (4) [3]: 

 logβpq = (chemical structure, physicochemical properties)  (4) 

In this study, the model descriptors include quantum and molecular parameters (0D-3D). The quantum 

descriptors are calculated from the optimized complex structure and the molecular descriptors are calculated 

on the QSARIS tool [18]. Thus, each complex has an experimental stability constant (logβ12) corresponding 

to the molecular descriptors. The whole data including stability constants and descriptive parameters to 

form a database is used to build regression models. 

2.3. QSPR modeling 

2.3.1. Building and validation techniques of QSPRMLR models 

The multivariable linear regression (MLR) method determines the linear relationship between the 

dependent variable (the predictive value) and more than one independent variable. In this case, the stability 

constants value of the complexes (log12) is the dependent variable and the descriptors are the independent 

variables. The model of this method is represented by the following equation [19]: 

0 .
k

i ii
Y X        (5) 

where Y is the dependent variable, β0 is the intercept of the model, Xi corresponds to the ith explanatory 

variable (with i = 1 to k), βi is the regression coefficient of the model, and  is the random error . 

The evaluation of the model is a necessary stage to confirm the correctness of the built QSPR model. In 

general, the validation includes internal and external evaluation on two different data sets. The internal 

evaluation is performed on the data set when building the model, while the external evaluation technique is 

performed on the independent data set. In this study, the internal evaluation is performed on initial training 

dataset with 74 experimental values (Table 1) via the R2
train criteria combined with the cross validation 

(CV). The CV is carry out by using leave-one-out (LOO) technique with the evaluation statistics Q2
CV. 

Meanwhile, the external evaluation (EV) on the independent dataset including 18 experimental values (table 

4) with the Q2
EV criteria. All of the quantities are calculated on the same formula with different data sets as 

follows [19]: 
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where Yi, Ŷi, and Ȳ are the experimental, predicted and average values. 

The study also uses the adjusted coefficient (R²adj) to adjust the R2
train when adding variables to the model. 

R2 adj is determined by the following formula [19]: 

 2 2 21
1

1
adj

k
R R R

N


  


  (7) 

The standard error of the regression (SE) is the standard error of the prediction. It deputizes for the average 

distance between the experimental values compared and the predicted value. Theoretically, smaller values 

are better because they show that the samples are closer to the experimental values. The SE is determined 

by the following formula [19]: 
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  (8) 

where N and k are the number of variables of training set and the number of variables in model, respectively. 

2.3.2. Building and validation techniques of QSPRANN models 

An artificial neural network (ANN) is a form of simulating the operation of a biological neural network of 

an animal brain. ANNs are a set of connected units or nodes known as artificial neurons, loosely modeling 

neurons in the biological brain. The operation of biological neurons and the simulation of information 

processing of ANN is shown in Figure 2 [26]. 

In the technique of building nonlinear models, ANN often uses Multi-layer Perceptron (MLP) and back-

propagation algorithm [21]. This algorithm was proposed by Rumelhart et. al. in 1986 [21]. This type of 

MLP network has a structure consisting of an input layer (i), an output layer (o) and one or more hidden 

layers (HL). Meanwhile, the back-propagation algorithm is implemented with steps such as direct 

propagation of computations in the network, back-propagation; and updating the weights and offsets 

accordingly. The algorithm stops when the value of the aim function becomes small enough. 
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Figure 2. The simulation of the information processing of a neuron according to a biological neuron 

During model building process, the relationship between sum function and neural network output is represented 

by the transfer function. The transfer function is a function converting the network output (netj) from the results 

of sum function with the threshold to the output of the ANN network. The two popular functions such as log-

sigmoid and hyperbolic sigmoid tangents are used in this study They are described as follows [20]: 

1
( ) tan ( )
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x
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e
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On the other hand, the ANN models use statistical quantities such as R2
train, Q2

test and Q2
CV to build and 

evaluate the model [3,20]. The ANN model is trained by varying the nodes (m) in the hidden layer HL(m) 

of the MLP network with architecture I(n)-HL(m)-O(k) until the mean square error (MSEANN) reaches the 

minimum between the output values (o) and the target value (t) [22]. Therefore, the MSEANN is described 

as follows [22]: 

 
2

ANN

1

1 n

i iMSE t o
n

 
  (11) 

Besides, this study also uses the mean absolute value of the relative error MARE (%), to evaluate the quality 

of the model. This quantity is calculated according to the following formula: [23] 

 

12,exp 12,pred

12,exp

log log1
,% .100

log
MARE

n

 




   (12) 

where n is the number of samples; β12,exp and β12,pred are the experimental and predicted stability constants, 

respectively. 

3. RESULTS AND DISCUSSION 

3.1. QSPRMLR models 

The QSPRMLR models were built by the stepwise regression technique, meaning the independent variables 

were put into the model one by one controlled by the quantity R2
adj on the QSARIS system [18]. During the 

model building process, the experimental data set (table 1) was randomly divided into the training set (about 

80%) and the cross-validation set (about 20%).  

The CV for the model was performed by the leave-one-out (LOO) due to the small data set using the statistic 

Q2
CV. Besides, the quality of the models was also evaluated by statistical values such as R2

train, RMSE, 

PRESS and Fstat (Fischer's value) [3,8,9]. The eleven MLR models were constructed and presented in Table 

2. 

Based on the results of Table 2, it showed that eleven models met the statistical rules and received three 

descriptive variables. However, it is necessary to carry out the external evaluation technique on an 

independent data set compared to the training data set for building the complete model. The study uses a 

data set consisting of eighteen experimental complexes with the stability constant values (log1,2exp) and 

this is presented in Table 4. The best QSPRMLR model is selected to receive suitably Q2
EV values (> 0.6) [9] 

and if the value is close to 1.0 then the model is chosen as well as smaller values of the MARE(%) value is 

better [23]. 

Based on the predictive stability constant (log12,pred) in Figure 4, it indicated that there are five models 

including MLR1, MLR3, MLR4, MLR5 and MLR6 satisfying the Q2
EV-MLR statistical value with the Q2

EV 

values of the MLR models of 0.6824; 0.7217; 0.7729; 0.7703 and 0.9586, respectively. Meanwhile, the 

MARE value (%) of these five MLR models is 66,887; 12,758; 24.815; 24,781 and 4,664, respectively. As 

a consequence, the MLR6 model received the highest value of the Q2
EV and the lowest value of MARE(%). 

Therefore, the QSPRMLR6 model is chosen to build ANN models and develop new complexes. 

Table 2. The results of eleven QSPRMLR models (k = 3) and their statistical values 

Notation QSPRMLR models 

MLR1 
logβ12 = 74.032 - 1.205SHBa + 0.559xvp7 - 7.667xp10.  

R2 = 0.982, R2
adj = 0.982, Q2

CV = 0.981, SE = 0.536, PRESS = 21.87, Fstat = 1308.8 

MLR2 
logβ12 = 69.613 - 1.304SHBa + 0.033Hf + 2.139LUMO. 

R2 = 0.975, R2
adj = 0.974, Q2

CV = 0.971, SE = 0.643, PRESS = 33.43, Fstat = 1492.1 

MLR3 logβ12 = 113.317 - 1.473SHBa + 0.007Total energy + 27.037C5 

R2 = 0.985, R2
adj = 0.984, Q2

CV = 0.981, SE = 0.503, PRESS = 22.15, Fstat = 1491.1 

MLR4 logβ12 = 108.306 - 1.712SHBa + 38.450C5 + 0.0005Electric energy 

R2 = 0.983, R2
adj = 0.982, Q2

CV = 0.982, SE = 0.526, PRESS = 21.03, Fstat = 1362.4 
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MLR5 logβ12 = 107.476 - 1.727SHBa + 38.505C5 - 0.0005Core-core repulsion 

R2 = 0.981, R2
adj = 0.980, Q2

CV = 0.979, SE = 0.565, PRESS = 24.28, Fstat = 1175.7 

MLR6 logβ12 = 111.221 - 0.949SHBa + 0.010Total energy + 1.344dipole  

R2 = 0.973, R2
adj = 0.972, Q2

CV = 0.970, SE = 0.665, PRESS = 34.85, Fstat = 842.6 

MLR7 logβ12 = 95.739 - 1.503SHBa + 0.023MW - 1.871x2  

R2 = 0.986, R2
adj = 0.985, Q2

CV = 0.984, SE = 0.486, PRESS = 18.07, Fstat = 1600.1 

MLR8 logβ12 = -40.806 - 0.045Cosmo area + 3.164LogP + 18.804SssS  

R2 = 0.992, R2
adj = 0.992, Q2

CV = 0.989, SE = 0.361, PRESS = 12.45, Fstat = 2924.4 

MLR9 logβ12 = -161.114 - 0.039Cosmo volume + 23.482+ 10.533ka1  

R2 = 0.959, R2
adj = 0.957, Q2

CV = 0.953, SE = 0.820, PRESS = 54.61, Fstat = 546.8 

MLR10 logβ12 = 49.575 - 1.829SHBa - 5.935HOMO + 16.536N’4 

R2 = 0.967, R2
adj = 0.966, Q2

CV = 0.962, SE = 0.736, PRESS = 43.57, Fstat = 684.6 

MLR11 logβ12 = 101.318 - 1.659SHBa  + 2.060LUMO – 1.243xp5  

R2 = 0.977, R2
adj = 0.976, Q2

CV = 0.976, SE = 0.608, PRESS = 27.86, Fstat = 1012.0 

3.2. QSPRANN models 

As mentioned, the QSPRANN model  was developed based on three descriptive variables of the QSPRMLR6 

model such as SHBa, Total energy, and dipole. The development techniques selected the MLP network 

types and back-propagation algorithms. Therefore, the I(3)-HL(m)-O(1) architecture of the ANN network  

had been chosen in this case. Therein, the input layer includes three nodes, the output layer is the log1,2 

value and the number of nodes in the hidden layer is the m variable. The statistical values including R2
train, 

Q2
test and Q2

CV are used to find out the best ANN model  while the values have to satisfy Tropsha's criteria 

[9]. 

The process of building an ANN model consists of two steps. Firstly, the initial training is used to examine 

MLP networks with different architectures for finding the number of hidden layer nodes (m). The results of 

the MLP networks meeting the statistical requirements are presented in Table 3. Next, the external 

evaluation data set is used in Table 4 to find the best ANN network based on the MARE value (%) and the 

Q2
EV-ANN criteria between the predicted values and the experimental values. As a result, the ANN network 

with the I(3)-HL(6)-O(1) architecture is found with the statistical parameters in Table 3 (in bold) which 

Q2
EV-ANN (Figure 3b) and MARE(%) values (Figure 4) of 0.9812 and 3.2146, respectively. 

Table 3. The result of the surveyed QSPRANN model I(3)-HL(m)-O(1) from the variables of the QSPRMLR3 model 

with statistical parameters and transfer function 

QSPRANN R2
train Q2

test Q2
CV 

Validation 

perf. 

Training 

error 

Test 

error 
Transfer function 

I(3)-HL(3)-O(1) 0.998 0.997 0.998 0.0187 0.0105 0.0306 log-sigmoid  

I(3)-HL(8)-O(1) 0.998 0.997 0.998 0.0187 0.0105 0.0310 hyperbolic tangent 

I(3)-HL(6)-O(1) 0.998 0.997 0.998 0.0187 0.0103 0.0313 log-sigmoid 

I(3)-HL(3)-O(1) 0.998 0.997 0.998 0.0187 0.0103 0.0309 hyperbolic tangent 

I(3)-HL(6)-O(1) 0.998 0.997 0.998 0.0187 0.0103 0.0312 hyperbolic tangent  

Using one-factor ANOVA analysis to evaluate the difference between the predicted values and the 

experimental values on the data set of external validation for QSPRMLR6 and QSPRANN models. The results 

show that the difference of the predicted results are insignificant (F = 0.0202 < F0.05 = 3.1788). 

 



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   169 

 
(a) 

 
(b) 

Figure 3. (a) The architecture of QSPRANN I(3)-HL(6)-O(1); (b) Correlation between experimental values and 

predicted values of external data set for the QSPR models 

3.3. External validation of models 

The external evaluation technique is the final step to build a complete model. It has to be done on an 

independent data set. This study used a data set for external validation with eighteen experimental 

complexes (Table 4). The quality of the evaluation process is based on two quantities such as Q2
EV and 

MARE(%). The predicted results from MLR and ANN models are presented in Figure 4. 

Table 4. The eighteen experimental log12,exp values of metal-thiosemicarbazone complexes for external validation 

data set 

Symbol 
Thiosemicarbazone ligand Metal  

ions 
logβ12.exp ref. 

R1 R2 R3 R4 

com1 -CH3 -CH3 -C5H4N -C5H4N Fe2+ 10.2500 [24] 

com2 -CH3 -CH3 -C5H4N -C5H4N Co2+ 12.4700 [24] 

com3 -CH3 -CH3 -C5H4N -C5H4N Ni2+ 11.2100 [25] 

com4 -CH3 -CH3 -C5H4N -C5H4N Fe3+ 12.6700 [24] 

com5 H H -C5H4N -C5H4N Cu2+ 12.1600 [25] 

com6 H -CH3 -C5H4N -C5H4N Ni2+ 11.1100 [25] 

com7 H -CH3 -C5H4N -C5H4N Cu2+ 12.4300 [25] 

com8 -CH3 -CH3 -C5H4N -C5H4N Cu2+ 12.4900 [25] 

com9 H -CH2CH=CH2 -C5H4N -C5H4N Zn2+ 10.2200 [25] 

com10 H H -CH3 -CH=N-NHC6H5 Cu2+ 22.6200 [15] 

com11 H H -CH3 -CH=N-NHC6H5 Ni2+ 20.6300 [15] 

com12 H H -CH3 -CH=N-NHC6H5 Co2+ 19.9500 [15] 

com13 H H -CH3 -CH=N-NHC6H5 Mn2+ 19.1800 [15] 

com14 H -CH3 -CH3 -CH=N-NHC6H5 Co2+ 20.2100 [15] 

com15 H -CH3 -CH3 -CH=N-NHC6H5 Mn2+ 19.4500 [15] 

com16 H H H -C10H6OH Co2+ 13.6500 [26] 

com17 H H H -C10H6OH Ni2+ 14.3700 [26] 

com18 H H H -C10H6OH Cu2+ 15.3100 [26] 

The acceptance of the QSPRMLR6 model has been analyzed above. According to the results of Figure 4, the 

QSPRANN I(3)-HL(6)-O(1) model received the Q2
EV and MARE(%) values of 0.9812 and 3.2146, 

respectively. This demonstrated that the predictive ability of the machine learning models  is better than the 

MLR models. Moreover, the predicted logβ12,pred values of the MLR and ANN models are very close to the 

experimental values logβ12,exp. 
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Figure 4. The MARE (%) and Q2
EV values of QSPR models. 

3.4. Development of new thiosemicarbazones and their complexes 

Newly designed ligands need to be feasible for experimental synthesis. In most experimental works, the 

new derivatives are usually substituted by the R3 or R4 positions while the R1 and R2 sites are hydrogen 

atoms because the experimental studies on synthesizing this derivative are all derived from the 

thiosemicarbazide. So, the study selected the carbazole and phenothiazine derivatives to design a series of 

new thiosemicarbazones by replacing the R4 position of the general structural thiosemicarbazone and the 

remaining positions (R1, R2, R3) are hydrogen atoms. The new complexes are designed from new ligands 

with several common metal ions such as Ag+, Cu2+, Cd2+, Ni2+, and Zn2+. These derivatives are chosen 

because they have presented applications similar to the thiosemicarbazones, especially antibacterial and 

antiviral properties [27,28]. This is the direction of long-term research on the activity of thiosemicarbazone 

derivatives. Besides, these derivatives have also been synthesized in practice and proven to be widely 

applicable in many fields [27,28]. 
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Table 5. New twenty-two metal-thiosemicarbazone complexes with the predicted logβ12,new values from the 

QSPR models 

R4 site 
Metal 

ions 

logβ12,new 
R4 site  

Metal 

ions 

logβ12,new 

MLR ANN MLR ANN 

 

Cu2+ 23.3483 21.9204 

 

Zn2+ 19.5281 20.1362 

 

Ag+ 22.9990 21.9211 

 

Ni2+ 19.9867 22.1576 

 

Ni2+ 21.1584 21.9214 

 

Ag+ 23.8699 21.9211 

 

Cu2+ 20.5344 23.2304 

 

Cu2+ 21.4270 21.9857 

Ni2+ 22.7981 22.5438 Ni2+ 23.3336 21.9237 

 

Ag+ 22.6637 21.9211 

 

Ag+ 20.6940 20.9563 

Zn2+ 20.1148 19.9875 Ni2+ 19.6094 21.9211 

Cd2+ 20.5707 21.1213 Cd2+ 23.9387 22.2365 

 

Ag+ 18.5396 18.9899 Zn2+ 23.7690 23.8767 

Zn2+ 23.6429 23.7569 

 

Ag+ 19.6449 20.1987 

Cu2+ 21.4821 21.2324 Ni2+ 19.3441 20.5690 

In a big project [29], 22 thiazole derivatives and 22 carbazole derivatives were designed, while 44 

derivatives of which formed 220 complexes with the 5 mentioned-above metal ions. Then, the new 

complexes were carefully screened and embedded in data space of the training data set to test the AD [9]. 

The results showed that twenty-two new complexes of ten ligands (table 5) with metal ions located in the 

AD through the D-cook value (< 2.0) [9] and they are predicted the stability constants from the built QSPR 

models. The predicted values of new complexes (logβ12,new ) are given in Table 5. 

Besides, the paired t-test analysis of two-sample assuming unequal variances method was used to compare 

the predicted logβ12,new values resulting from the QSPRMLR and QSPRANN models. It indicated that there is 

no difference between the two models (t-stat = 0.3444 < t-crit = 2.0262). 

4. CONCLUSION 

This investigation successfully modeled the quantitative structure-property relationship (QSPR) for metal-

thiosemicarbazone complexes by using two classical methods such as multivariable linear regression and 

artificial neural network. The structures of complexes between thiosemicarbazones and metal ions were 

optimized by semi-empirical quantum calculations with the new versions PM7 and PM7/sparkle. The QSPR 

models were internally and externally evaluated on basis of the statistical indicators including R2
train, Q2

CV, 

Q2
EV, SE, MARE(%),one-way ANOVA method, and paired t-test analysis. As a consequence, two models 

QSPRMLR and QSPRANN I(3)-HL(6)-O(1)satisfied statistical requirements for practical applicability. The 

results received from these models open up a tendency for experimental research for finding new 

thiosemicarbazone derivatives and their complexes This meaningful work brings many applications in the 

fields of analytical chemistry, drug development in the pharmaceutical industry, and environmental impact 

assessment. 
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Abstract. Chronic wounds increase the burden of medical costs due to dressing changes for patients and 

affect the quality of life. From the perspective of convenience and low cost, wearable sensors are being 

developed for would care. Considering the increased burden of medical costs on patients and the impact on 

lifestyle convenience, wearable sensors should be highly functional and inexpensive. In this study, we 

fabricated and tested enzymatic uric acid biosensor on a thin polyethylene terephthalate (PET) sheet. Uric 

acid is well-known a major biomarker of wounds. A silver reference electrode and a carbon working 

electrode were formed on the PET material of an adhesive bandage. An enzyme of 1 mg (3.40 U) of uric 

acid oxidase was immobilized on the working electrode. The carbon electrode is reduced by the catalytic 

reaction of hydrogen peroxide products from the oxidation of uric acid using chronoamperometric detection 

at low potentials. The response and selectivity of the biosensor for uric acid measurement and the results 

of continuous measurement will present. By applying the sensor to continuously measure the condition of 

the wound site, this research is expected to reduce medical costs due to reduce frequent dressing changes 

and alleviate patient stress. 

 

Keywords. Wound sensor, wearable, glucose, glucose oxidase, uric acid, uricase. 

1. INTRODUCTION 

In developed countries, about 2% of people suffer from chronic wounds during their lifetime [1]. A chronic 

wound is a wound that does not heal even after 3 or 4 weeks. These chronic wounds include bedsores [2], 

which affect the elderly when they become bedridden, and diabetic wounds. The number of patients with 

chronic wounds is increasing worldwide due to the growing number of elderly people and patients with 

lifestyle-related diseases, and the market for wound dressings is expected to grow 6.0% from 2020 to 2027, 

reaching $21.5 billion [3]. This has led to a demand for the development of wound site treatment 

technologies and lower prices. Considering the increasing cost of healthcare for patients and its impact on 

the convenience of their lives, it is desirable that the sensors produced be inexpensive and wearable. 

Research on wound site monitoring has focused on methods to measure chemical components produced at 

the wound site and physical quantity information such as body temperature and strain. As a chemical 

component, uric acid has attracted attention as a biomarker. Uric acid is highly correlated with wound 

severity [4,5] and is decreased by uricase during bacterial infection [6]. Therefore, uric acid is used as an 

indicator of wound condition and infection. In a previous study, Prof. Joseph Wang's group at UCSD 

fabricated a wound sensor using a bandage with an Ag/AgCl pseudo-reference electrode, a PB-Carbon 

working electrode, and a counter electrode, and immobilized glutaraldehyde and uricase [7]. This sensor 

can also transmit uric acid status to a computer or smartphone via near field communication (NFC), making 

it very useful for monitoring the status of wounds. As sensors that measure physical information, a research 

team at the University of Glasgow in the U.K. reported a method to check for infection by measuring the 

patient's body temperature with a temperature sensor, and to detect changes such as twisting and bending 

with a strain sensor. They are developing a smart adhesive bandage that detects the strain on the skin to 

determine the appropriate pressure value for compression therapy [8]. 

Therefore, our purpose of this study is to create a wearable wound sensor that can evaluate the condition of 

a wound site. For wound site evaluation, a biosensor was fabricated to measure uric acid. The final goal is 
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to create a wound sensor by fabricating electrodes using conductive paint on a commercially available 

adhesive bandage. Uricase was immobilized on the working electrode to fabricate the biosensor. The carbon 

electrode is reduced by the catalytic reaction of hydrogen peroxide products from the oxidation of uric acid 

[9]. This reaction enables detection of output current at lower potentials. We reported on the response and 

sensitivity of the fabricated biosensor for uric acid measurement, and the results of continuous 

measurement. By applying the fabricated biosensor to continuously measure the condition of the wound 

site, this study is expected to reduce medical costs by decreasing the frequency of dressing changes [13,14] 

and to alleviate patient stress. 

2. EXPERIMENTAL SETUP 

2.1. Fabrication of electrodes using PET as a substrate 

The schematic diagram of the electrode fabricated on the PET substrate and the fabrication procedure are 

shown in Fig. 1. Firstly, a paste material of silver (DOTITE XA-3513, Fujikura Kasei Co., Ltd.) was spread 

by heating at 65°C for 30 minutes using a hot plate (RSH-1DN, AS ONE). Secondly, a paste material of 

carbon (DOTITE XC-3050, Fujikura Kasei Co.) was spread as the working electrode using an electrode 

mold and fixed by heating at 65°C for 30 minutes using a hot plate. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2. Chlorination of silver electrode 

The silver chlorination process is shown in Fig. 2. A mixture of 27 mL of phosphate buffer (PB; 50 mM, 

pH 7.0) and 3 mL of hydrochloric acid (HCl; 1M, Fujifilm Wako Pure Chemicals Co., Ltd.) was mixed in 

a beaker to prepare 10% concentration of HCl. The silver electrode was connected to the anode, and a 

carbon electrode prepared separately from was connected to the cathode electrode. 

Hydrogen peroxide (H2O2; Fujifilm Wako Pure Chemicals Co., Ltd.) was adjusted to 0.1% concentration 

of hydrogen peroxide. A silver chloride/carbon electrode prepared in was placed in the beaker, and the 

voltage was varied from -1.0 V to +1.0 V at a potential sweep rate of 20 mV/s using a source meter (2450, 

Keithley) to evaluate CV characteristics of the fabricated electrodes. 

2.3. Fabrication and measurement of glucose sensor 

Fig. 3 shows a schematic diagram of the GOD application and procedure for preparing the glucose sensor. 

A mixture of 1 mg (248 units) of glucose oxidase (GOD), 3 µL of phosphate buffer (PB; 50 mM, pH 7.0), 

and 15 mg of photo crosslinking resin (PVA-SbQ; 6%aq, Toyo Gosei) was applied to the exposed carbon 

electrode using PDMS. The solution was then dried in a refrigerator for 1 hr. The glucose sensor was 

fabricated by immobilizing GOD on the working electrode. 

Fig. 4 shows a schematic diagram of the electrode for the glucose measurement experiment.  A +0.8 V 

potential was applied in a beaker containing 50 mL of PB (50 mM, pH7.0). Glucose concentrations of 1 

µM, 5 µM, 10 µM, 50 µM, 100 µM, 500 µM, 1.0 mM, 1.5 mM was injected every 3 minutes and the output 

current value was measured. 

Fig. 1 Schematic image and fabrication process of the biosensor 



International Symposium for Green Solutions (ISGS 2022) 

176  ©2022 Industrial University of Ho Chi Minh City                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

2.4. Chlorination of silver electrode 

The silver chlorination process is shown in Fig. 2. A mixture of 27 mL of phosphate buffer (PB; 50 mM, 

pH 7.0) and 3 mL of hydrochloric acid (HCl; 1M, Fujifilm Wako Pure Chemicals Co., Ltd.) was mixed in 

a beaker to prepare 10% concentration of HCl. The silver electrode was connected to the anode, and a 

carbon electrode prepared separately from was connected to the cathode electrode. 

2.5. Fabrication and measurement of uric acid biosensor 

A mixture of 1 mg (3.40 U) of uric acid oxidase (uricase, UAO-211, Toyobo), 3 µL of phosphate buffer 

(PB; 50 mM, pH 7.0), and 15 mg of polyvinyl alcohol (PVAL, YAMATO Co., Ltd.) was mixed and 

immobilized on the carbon electrode using a covered PDMS for enzyme patterning. The uric acid biosensor 

was dried in a refrigerator for 18 hours. After that, 15 mg of photo crosslinking resin (PVA-SbQ; 6% aq, 

Toyo Gosei Kogyo) was immobilized on the carbon electrode using a covered PDMS for enzyme 

patterning. Measurements of uric acid were applied by a potential of +0.8 V in a beaker containing 50 mL 

of PB (50 mM, pH 7.0). The output current values were measured by dropping uric acid solution 

(C5H4N4O3, 5 mM) every 3 minutes as the uric acid concentration varied from 1 µM, 2.5 µM, 5 µM, 10 

µM, 25 µM, 50 µM, 100 µM, 250 µM, 500 µM. 

3. RESULTS AND DISCISSIONS 

3.1. Fabrication of electrodes on PET substrate 

Fig. 5 shows a photograph of fabricated electrodes on PET substrate. A comparison of the appearance of 

the electrode before and after chloride treatment is shown in Fig. 6. It was observed that the silver electrode 

changed from silver to black. The output current value also decreased from about 370 µA to about 11 µA, 

Fig. 3 Schematic image fabrication of glucose sensor  Fig. 2 Experiment setup for chloride treatment 

of silver electrodes 

Fig. 4 Experimental setup of glucose sensor 
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and it was confirmed that the output current gradually saturated. The decrease in current was confirmed by 

the formation of silver chloride on the surface of the silver electrode. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Cyclic voltammetry characterization of carbon and silver chloride electrodes 

Fig. 7 shows a graph of CV characteristics of a silver chloride electrode. A rapid increase in oxidation 

current due to oxidation was observed between +0.5 V and +1.0 V. Since a large oxidation current was 

observed at around 800 mV for the carbon and Ag/AgCl working electrodes, we selected to evaluate the 

biosensor by setting the voltage applied during glucose and uric acid measurements at +0.8 V. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 CV characteristics of fabricated Ag/AgCl electrodes 

 

3.3. Evaluation of glucose biosensor 

The output current values of the glucose sensor are shown in Fig. 8 and the calibration curve in Fig. 9. An 

increase in output current was observed at a glucose concentration of 50 µM. After 1.5 mM, the output 

current saturated and the final value was approximately 138 nA. Output current was stabilized for 30 

minutes prior to measurement. The quantitative range of uric acid based on the output current change was 

50 ~1500 µmol/L. 

 

 

 

 

Fig. 5 Photograph of fabricated 

electrodes on PET substrate 

Fig. 6 Comparison of electrode appearance 

before and after chloride treatment 
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3.4. Fabrication and characteristics of uric acid sensor 

The calibration curve and output current values of the uric acid sensor are shown in Fig. 10 and Fig. 11. 

The calibration curve showed that the output current increased from 2.5 µM. The quantitative range of uric 

acid based on the output current change was 2.5 ~500 µmol/L, enabling highly sensitive measurement in 

the range including 25 µmol/L contained in human sweat. The uric acid sensor fabricated by Wang's group 

has a quantitative range of 100 μmol/L to 800 μmol/L [7]. Our developed sensor was able to measure lower 

concentrations of uric acid. In future work, we will investigate the optimal amount of uricase to measure 

this concentration. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION 

In this study, glucose and uric acid biosensors were fabricated and tested. In the measurement of uric acid, 

the output current value increased with increasing uric acid concentration. These results suggest that the 

uric acid sensor in this study can be used to measure uric acid at wound sites. In the future, we will 

investigate the amount of uricase and the method of immobilization in order to fabricate a stable uric acid 

sensor. We would also like to evaluate the biocompatibility of the material for wound site monitoring. 

 

Fig. 10 Output current value of uric acid sensor 
Fig. 11 Calibration curve for uric acid sensor 

Fig. 8 Output current value of glucose sensor Fig. 9 Calibration curve for glucose sensor 

glucose concentration (µM) 
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Abstract. Indoor air pollution directly affects the quality of the living environment and the health of its 

occupants. The narrower living space with less ventilation will increase the accumulation of pollutants. The 

study is conducted in two tube houses to improve indoor air quality by ventilation renovation. Three TSI 

EVM_7 monitors are used to measure the parameters of CO2, PM2.5, CO, temperature, and humidity for 72 

hours outdoors, living room, and kitchen. Indoor air quality is determined based on WHO standards 

combined with a survey of occupants' living habits to determine the causes of indoor air pollution. The 

results show that the CO2, CO, and PM2.5 at some point in time exceed the acceptable standards (CO2 in the 

kitchen, CO in the living room, and PM2.5 in both houses). Besides, a survey of the house structure was also 

carried out to evaluate the ventilation capacity of the two tube houses. Then some of the renovation solutions 

include installing exhaust fans and cooker hoods in suitable locations, using motor covers, and changing 

some living habits of occupants. Through ventilation renovations, air quality after 6 months of renovation, 

in the living room of Tube house 1 CO2 decreased from 475.21-419.36 ppm, CO from 0.15-0.0199 ppm, 

PM2.5 from 0.0616-0.04728 mg/m3; in the kitchen CO2 decreased from 923.86 - 730.76ppm; CO from 1.05 

- 0.18ppm, PM2.5 from 0.06 - 0.04 mg/m3. In House 2, CO2 decreased from 623.11-393.36 ppm, CO from 

3.35-0.097 ppm, PM2.5 from 0.05-0.034 mg/m3 in living room. For kitchen PM2.5 decreased from 0.063-

0.049 mg/m3, CO2 and CO decreased from 1079.599- 935.62 ppm and 0.096-0.076 ppm, respectively. The 

results show that applying the above measures has initially contributed to improving indoor air quality and 

minimizing health risks for occupants. 

 

Keywords: Indoor air pollution, ventilation, tube house. 

1. INTRODUCTION 

Indoor air pollution is increasingly a health concern of the occupants [1]; it is one of the causes of respiratory 

diseases [2], cardiovascular diseases [3], and allergies [4]. In addition, the living space, especially the 

ventilation capacity of the house, also contributes to changing the indoor air quality [5], [6]. Nowadays, 

with a limited land area, tube house (TH) is a type of housing suitable for the needs of occupants and the 

actual conditions in Ho Chi Minh City. However, The structure is a rectangular box with narrow width, no 

skylight, and few windows, limiting the tube house's ventilation capacity.[7]. Meanwhile, it will lead to the 

risk of indoor air pollution due to poor ventilation prevailing over causes such as tight living space or poor 

housekeeping. [8]. Therefore, ventilation can control indoor air quality to reduce health risks and ensure a 

healthy living environment [9]. Controlling indoor air pollution will help limit negative impacts on 

occupants' health. Several ventilation solutions have been applied to improve indoor air quality, including 

installing exhaust fans, using kitchen hoods [10],[11], and changing door/window structures [12], 

significantly reducing pollutant concentrations. In Vietnam, at present, research related to indoor air quality 

is still limited. In addition, people are still not interested in improving ventilation and solutions to reduce 

indoor air pollution. Therefore, this study was conducted to assess the ventilation status and indoor air 

quality for two typical types of tube houses (one ground floor - one floor and many floors) in Ho Chi Minh 

City. It simultaneously tests several ventilation solutions that can be widely used to evaluate their 

mailto:lehunganh@iuh.edu.vn
mailto:jmhauglustaine@uliege.be
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effectiveness in improving indoor air quality. From there, it is possible to propose appropriate ventilation 

solutions and apply them to many different types of houses for expanding further the research on ventilation 

and indoor air pollution in Vietnam. 

2. MATERIALS AND METHODS 

Study area 
Two tube houses were selected to study in two central districts of Ho Chi Minh City (Phu Nhuan and Binh 

Thanh) in an alley to limit the impact of pollution sources due to traffic. They have a typical tube house 

structure but are different in the area. House 1 has a structure of 1 ground floor and one floor, and house 2 

has one ground floor, two floors, and one mezzanine floor (Figure 1).  

 

 

 

                                  

 

 
The actual picture Layout 

Tube house 1 

 

 

                                   

                                                  

 

The actual picture Layout 
Tube house 2 

Figure 1. Pictures of the house, the location of the meter, and the exhaust fan 

 

*A1, A2, A3: The measurement locations correspond to the outdoor, living room, and kitchen. 

 

Methods  

This study used three series of environmental monitors by TSI company (TSI EVM-7) to measure humidity, 

temperature, CO2, CO, and PM2.5 concentrations in the kitchen, living room, and outside at one-minute 

intervals for three days (72 hours) from 8 am on the first day to 8 am on the fourth day. Measurement results 

from TSI EVM-7 monitors will be compared with Vietnam's ambient air standards QCVN 

05:2013/BTNMT [13] and Indoor air quality standards of the World Health Organization (WHO) [14] to 

assess pollution status. Besides, the Pearson Correlation Coefficient by R software evaluates the correlation 

between outdoor and living room air quality and between the living room and kitchen air quality (the 

significance level of statistical analysis was 0.05). 

In addition, surveys were carried out on the occupants' daily activities during the measurement period. The 

activities surveyed are those with high potential for indoor air pollution, including cooking, opening/closing 
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doors/windows, burning incense, using cleaning solutions, and driving motorbikes in/out home. We named 

the value of "1" and "0" for the occurrence of action and non-occurrence, respectively. Survey results will 

total in 24 hours based on the occupant's frequency of performing the above activities to determine the 

causes of indoor air pollution. A survey regarding the typical characteristics of the two tube houses 

(structure, location, characteristics around the house) to identify the ventilation status of the two tube houses 

was performed. 

The proposed improvements are based on standards for designing and installing ventilation and air-

conditioning systems in houses/buildings, such as TCVN 5687:2010 [15], ANSI/ASHRAE 62.1-2019 [16]. 

However, depending on each tube house's actual structure, indoor air quality's current, and the causes of 

indoor air quality. General solutions include:   

using motorbike covers, 

installing an exhaust fan in the kitchen (Tube House 2) and living rooms, 

installing the cooker hood on the stove (Tube House 1), and 

Guiding occupants to likely changes in activities of daily living and combined use of exhaust fans to ensure 

the best ventilation and indoor air quality. 

The effectiveness of the renovation was assessed by using t-test to compare the indoor air quality before 

and after renovation for six months outside, in the living room, and kitchen of tube houses (the significance 

level of statistical analysis was 0.05). 

3. RESULTS 

Survey on living behavior of occupants in tube houses 

Based on the survey results shown in Figure 2, almost all activities that cause indoor air pollution mainly 

depend on the house's opening hours, cooking, and parking motorbikes. For tube house 1, the time to 

perform all activities (total score of 5) is mainly in the morning and noon (from 9-9:30 am and 3-3:30 pm). 

The time frame from 10 - 11 am and 5:30 - 9 pm has a total score of 4; this is when the host takes the 

motorbike in/out of the house, and the doors are open. The remaining time frames are mainly the time when 

the occupants close/open the door (score equal to 2) and the window (score equal to 1). 

For tube house 2, the hours with the highest risk of indoor pollution are from 7 - 8 am, 9:30 am - 1:30 am, 

and 16 - 16:30 (score from 6 - 8). Activities such as cooking, opening the door, and taking the motorbikes 

in/out of the house will take place. At the same time, because the living room contains many motorbikes, 

the dining room and bedroom share the space, and the door is open almost all day, the possibility of indoor 

air pollution in House 2 is higher than that of House 1. 

 

  
(a) (b) 

Figure 2. Survey results of daily activities in 2 tube houses 
 

Indoor air quality in tube houses 
According to Figure 3, the outdoor temperature of TH1 is relatively high. Temperatures increase daily from 

around 8 am - 9 am until 4:30 pm - 5:30 pm. The average temperature in the living room is higher than in 

the kitchen due to the outside temperature. At Tube house 2, the daytime average temperature level does 

not differ much between the outside, the living room, and the kitchen (before 6:00 pm). The temperature in 

the kitchen makes increasing the temperature in the living room.  
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The CO2 concentration in the living room of TH1 is still within the permissible limit (1000 ppm). However, 

the CO2 concentration in the kitchen is very high (with maximum value  of 4300ppm). The CO2 level in the 

kitchen is always maintained at a high level compared to the living room (sometimes higher than outside). 

The peaks are high in the time frames from 9:30 am to around 2:00 pm (cooking time and the rest time), 

affecting to CO2 level in the living room and after 9 pm (when the door is closed at night). Figure 3 shows 

that the CO concentration in the living room of TH1 exceeded the standard at about 9 am on the first day 

(12ppm) because the occupant drives their motorbike to work. In Tube House 2, the outdoor CO 

concentration is maintained at a higher level than the indoor concentration during the daytime. Especially 

after 5 pm to 9 pm, the peak CO level in the living room and the kitchen are more than 4-6 ppm. After 

22:00, the CO concentration decreases gradually due to a part escaping through a large window above the 

entrance door. However, CO concentration rises in the morning (from 7:00 am to 8:00 pm) as occupants 

start using the motorbike's engine. 

At Tube house 1, the peaks of PM2.5 in the living room are similar to the outdoors (they appear 

simultaneously). With Tube house 2, in the living room and kitchen, the peak of PM2.5 concentration 

corresponds to the time the motorbike comes in/out and cooking. The concentration of PM2.5 in the kitchen 

is relatively high (higher than that of the living room and kitchen) because the kitchen closed without 

window is also a bedroom, which contains much furniture, and is less frequently cleaned. The indoor level 

of PM2.5 also depends on the opening and closing time of the main door; the fluctuation of PM2.5 

concentration outdoors and indoors at this time corresponds to each other. 

 
 Tube house 1 Tube house 2 

Temperature 

  

Humidity 

  
CO2 

 

 



International Symposium for Green Solutions (ISGS 2022) 

184  ©2022 Industrial University of Ho Chi Minh City                                                                                

CO 

 
 

 

PM2.5 

 

 

 (a) (b) 

 
Figure 3. The indoor air quality of Tube Houses 

Tube house 1     (b) Tube house 2 

 

Correlation between outdoor and indoor pollutants 

The results of the evaluation for the correlation between outdoor and the living room air quality, between 

the living room and kitchen, are shownin Figure 4. The correlation between outdoor and indoor pollution 

concentrations largely depends on the house's structure and the owner's door opening/closing activity. In 

terms of temperature, since TH1 is closed most of the day, there is no correlation between outdoor and 

indoor temperatures. Due to the habit of opening the door, the temperature outside TH2 correlates with the 

temperature in the living room (r = 0.83). However, the correlation between the living room and the kitchen 

temperature is not so high (r = 0.5). In TH1, the correlation between the outdoors and the living room 

humidity can be seen, as well as that between the living room and the kitchen. However, for TH2, only the 

outdoor and living room humidity correlation coefficient is high (r = 0.88). 

Regarding the correlation between the concentrations of pollutants, the results are still unclear about the 

correlation between the assessment areas. However, when considering the value of each house, it can be 

seen that there is a correlation between the outdoor and the living room CO level at TH2 (r = 0.6) and 

between the outdoor and the living room PM2.5 concentration in TH1 but not high (r=0.58). 
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***: p < 0.001 

Figure 4. The correlation between outdoor and indoor air quality 

 

Effectiveness of the renovation 

The assessment of air quality before and after the retrofit of each house is shown by boxplot graphs in 

Figures 5 and Table 1 
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 Tube house 1 Tube house 2 

CO2 

 

 

 

CO 

 

 

 

PM2.5 

 

 

 

 (a) (b) 

 
Figure 5. Change of CO2, CO, and PM2.5 concentration before and after renovation in tube houses 

Tube house 1     (b) Tube house 2 

 
Table 1. The statistical results of 2 tube houses by t-test 

 

House  Outdoor Living room Kitchen 

Before - After 6 

months of 

renovation of 

TH1 

CO2 

(ppm) 

653.7352 ~ 

546.6293 

(p-value = 5.486e-

09) 

475.2129 ~ 419.3623 

(p-value < 2.2e-16) 

923.8637 ~ 

730.7637 

(p-value < 2.2e-16) 

CO 
0.6160611 ~ 

0.7315436 

0.1518167 ~ 0.01990

28 

1.0506827 ~ 

0.1779681 
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(ppm) (p-value = 1.476e-

09) 

(p-value < 2.2e-16) (p-value < 2.2e-16) 

PM2.5 

mg/m3 

0.02454756 ~ 

0.03302013 

(p-value < 2.2e-16) 

0.06164082 ~ 0.0472

8304 

(p-value < 2.2e-16) 

0.06148345 ~ 

0.03823421 

(p-value < 2.2e-16) 

Before - After 6 

months of 

renovation of 

TH2 

CO2 

(ppm) 

531.6929 ~ 

567.4612 

(p-value = 0.00158) 

623.1104 ~  393.360

3 

 

(p-value < 2.2e-16) 

966.333 ~ 1013.026 

(p-value = 1.295e-0

8) 

CO 

(ppm) 

1.0430456 ~ 

0.8167091 

(p-value < 2.2e-16) 

3.35917612  ~ 

0.09719972 

(p-value < 2.2e-16) 

0.2703078  ~ 

0.3110391 

(p-value= 0.01517) 

PM2.5 

mg/m3 

0.04744504 ~ 

0.03668595 

(p-value < 2.2e-16) 

0.05060897  ~ 

0.03442308 

(p-value < 2.2e-16) 

0.06306179 ~ 

0.04913909 

(p-value < 2.2e-16) 

 

For Tube house 1, the indoor air quality improved significantly after six months of renovation. Tube house 

2 differs because the bedroom and kitchen are shared and closed (no windows). Besides, the owner's 

activities are mainly concentrated here. Therefore, the concentration of pollutants is very high, especially 

CO2 and CO, and is mainly generated in the cooking process (using gas stoves). Based on the measured 

data, the concentration of CO2 and CO increased in the kitchen after six months of renovation. The reason 

is that the owner uses an unreasonable exhaust fan. Cooking times are from 9 am to 12 pm and from 5 pm 

to 8 pm. Comparing the concentration of CO2 and CO generated during this period, there is an increase in 

concentration (mean before renovation: 1032.157 ppm, mean after renovation: 1178.38 ppm for CO2; mean 

before renovation: 0.662037 ppm, mean after renovation: 0.7537037 ppm for CO). During this time, the 

owner only used the cooker hood and did not turn on the exhaust fan. Due to the closed space, the cooker 

hood's efficiency is not high. Meanwhile, the owner only turned on the exhaust fan from 10 pm to 7 am. 

During this period, CO2 and CO concentrations decreased compared to before renovation (mean before 

renovation: 1079,5988 ppm, mean after renovation: 935.6204 for CO2; mean before renovation: 

0.09567901 ppm, mean after renovation: 0.07592593 ppm for CO). 

4. DISCUSSION 

Current status of ventilation and indoor air pollution risks 

There are three members currently living at tube house 1. There is a wall between the kitchen and the living 

room, but the kitchen is relatively closed (there is only one skylight at the top for light purposes and no 

windows). Tube house 1 includes one ground floor and one floor, the living room and kitchen on the ground 

floor, and two bedrooms on the first floor. There is a high risk of air pollution in the kitchen because 

pollution emitted from living is not exchanged and minimized because the room structure has no 

door/skylight or ventilation equipment. No ventilation equipment is installed for the living room, and a 

doorless wall separates it from the kitchen. Therefore, the sources of pollution from the kitchen air quickly 

spread and affect the living room air quality, leading to a high risk of air pollution in the living room.  

At tube house 2, there are five members of the family. They live on the ground and mezzanine floors. The 

remaining floors are for rent. The entrance door and window are open all day (especially the large window 

above the entrance door is also open at night). This behavior creates conditions for outdoor pollutants to 

enter the house. The living room, kitchen, and bedroom are connected (especially the bedroom and kitchen 

are in the exact location). Most motorbikes park in the living rooms of two tube houses at night (TH1 has 

two, and TH2 has seven motorbikes). The kitchen in TH2 uses a hood during cooking. However, activities 

in the adjacent bedroom without doors affect no ventilation space and air quality, leading to the risk of 
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indoor air pollution. The living room is fully connected, without walls or doors to the kitchen, which is the 

cause of the high risk of air pollution in the living room. 

Based on the structure of 2 tube houses, it can be seen that the risk of indoor air pollution is very high. It is 

also consistent with the study on indoor air pollution risks in 5 types of houses in Ho Chi Minh City through 

the Risk of Indoor Air Pollutants accumulation in the Kitchen (RIAP-K) and the risk for the living family 

space (RIAP-L) by Tran et al [17]. 

Indoor quality in tube house 

In tube house 1, the humidity and temperature in the living room and kitchen have quite large fluctuations 

because the owner uses the fan in the living room most of the day (two fans), and the fan in the kitchen is 

only used in the cooking process. For CO2, the level is very high because TH1 is pretty close. There are no 

windows, and the location of the kitchen is far from the skylight, making the pollutants from cooking 

activities affect the air quality in the kitchen and directly affect the concentration of CO2 in the living room 

at the same time. Therefore, the peaks on the graph of CO2 in the kitchen correspond to the living room. 

While not cooking, the CO2 level in the kitchen is also relatively high. Because there is a wall between the 

living room and the kitchen, it does not affect the living room much. The peaks of CO mainly appear in the 

morning when the owner opens the door and drives the motorbike to work (around 9 am), which are also 

affected by cooking activities in the kitchen and still within the allowable limit. At Tube house 1, the living 

room door is open almost all day, so the PM2.5 outside directly influences the living room making PM2.5 in 

the living room higher than outdoors due to a pre-existing indoor PM2.5 accumulation, such as dust on the 

surface of items in the living room. Besides, with a closed space and no windows, the skylight in the kitchen 

only works to get light, so when dust from outside enters the house, most of it will be kept here. 

Because of the particular structure of tube house 2, the kitchen is a separate room, relatively closed, with 

no vents, and no outside doors or windows, so the temperature in the kitchen is always maintained at a high 

level. The living room also has no windows, affecting the heat exchange inside and outside the house. There 

is a significant difference at night; the humidity in the kitchen is lower than in the other two positions due 

to the high temperature. CO2 concentrations often rise at the time of cooking. The kitchen of TH2 is entirely 

separate from the living room and closed, especially since this is also the bedroom area of the occupants. 

Because TH2 is located near Xo Viet Nghe Tinh Street - an area with very high traffic density, the outdoor 

CO concentration is also maintained at a high level. In the nighttime, the living room is where the seven 

occupant's motorbikes are parked, so the CO from the fuel of the motorbikes (gasoline) and cooking 

activities (using a gas stove) increases the CO level in the house. Because this is the time when the occupants 

come back, the number of motorbikes in the living room increases. After 22:00, the CO concentration 

decreases gradually due to a part escaping through a large window above the entrance door. However, CO 

concentration rises in the morning (from 7:00 am to 8:00 pm) as occupants start using the motorbike's 

engine. For PM2.5, concentration is mainly due to indoor furniture and outside influences. 

Based on Figure 4, it can be seen that the interaction of the concentrations of pollutants between areas will 

depend mainly on the structure of the house, the location of the rooms, and the living habits 

(opening/closing the door). For example, with tube house 1, due to the frequent closing of the door and the 

location of the kitchen next to the living room, pollutants generated from the kitchen will more easily affect 

the air quality in the living room than outdoors and vice versa. On the other hand, in tube house 2, because 

the owner often opens the door, the air quality in the living room will mostly be affected by the outside 

environment. Meanwhile, pollutants from the kitchen hardly affect the living room due to the significant 

distance between the two rooms and their narrow connection space. 

According to Mannan Mehzabeen et al. [18], indoor air pollution is due to inadequate ventilation, lack of 

air conditioning systems, human activities, numerous materials, chemicals, and gases. The research results 

of two tube houses show that the causes of indoor air pollution are similar to those in the above study: 

influence from the outside environment (through changing concentrations of pollutants during the 

opening/closing time), due to the daily activities of the occupants (cooking, house cleaning, transportation, 

motorbikes in and out of the house, using air conditioners), due to the ventilation characteristics of each 

house (based on the structure of the house, the connection position between the rooms). The mentioned 

causes made pollutant level exceeds acceptable standards (such as CO2 in the kitchen during cooking; CO, 

PM2.5 from the outside and motorcycles; dust accumulating indoors....). 
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Effect of ventilation improvement 

Adding a mechanical ventilation solution (in the living room and kitchen, as shown in Figure 1) enhances 

the ability to exchange air from outside to inside and vice versa, helping to reduce the accumulation of 

indoor pollutants. Exhaust fans can supply fresh air from the outside to the house, perform the process of 

air exchange to help dilute the concentration of pollution and improve the indoor air quality. The hood 

supports removing odor, heat, and CO2 in cooking quickly. It also minimizes the spread of pollution, 

affecting the air quality of other spaces. 

Research on using exhaust fans and hoods as a technical solution in improving ventilation in two tube 

houses because of their high applicability in practice, suitability for current tube house structures, and 

reasonable cost with many different options on the market. Besides, previous studies also show that the 

indoor range hood's new air system influences kitchen air quality [10] , and the use of the organized make-

up air and high-efficiency range hood are effective methods to improve the ventilation system's 

performance [19]. However, it needs to be combined with changes in the living habits of occupants to 

ensure high efficiency in improving indoor air quality. 

5. CONCLUSIONS  

The two tube houses selected for the study represent typical tube houses in Ho Chi Minh City today: narrow 

in width, with a single-ground, single-story, or multi-story structure with poor ventilation characteristics. 

(without external space, tight space with a low percentage of windows/doors, no exhaust fan). They entail 

very high risks related to indoor air pollution. 

The solution is to improve ventilation by using exhaust fans for balancing airflows inside and outside the 

house. In addition, the cooker hood also helps to reduce air pollutants from cooking activities. Combined 

with changing living habits, limiting polluting activities, and periodically cleaning the house, it helps to 

reduce the concentration of pollutants such as CO, CO2, and PM2.5 (Tube house 1). Furthermore, research 

also shows that limiting the use of exhaust fans in enclosed spaces or during periods of polluting activities 

(cooking) will also increase the concentration of pollutants (CO and CO2 levels in Tube house 2). 

However, the results obtained in this study are only the initial results in finding solutions to reduce indoor 

air pollution. More results of indoor air quality assessment for many tube houses are needed. There is a 

need to measure indoor air quality over a more extended period (after one year, 18 months, or two years of 

renovation) for determining complete ventilation improvement solutions that can be widely applied. At the 

same time, occupants need to encourage to work cooperatively and change proper living habits. 
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Abstract. Improper landfill management can cause numerous negative effects on environmental in 

developing countries. In Vietnam, there is up to 80% of unsanitary landfills. Although, some of them had 

closed, it can bring serious environmental problems. It also leads to increasing pressures on the goal of 90-

95% of landfills rehabilitated by 2025 following the national solid waste (SW) management strategy. 

Currently, the studies on the composition and properties of solid waste in the landfills, especially the closed 

unsanitary landfills, make difficult to choose an appropriate plan to renovate and restore the unsanitary 

landfills. This study aimed to find out the influence of ageing and depth- dependent properties on buried 

solid waste composition and its properties at Lang Dai landfill, Dat Do district, Ba Ria- Vung Tau province. 

Solid waste samples were collected at 23 pits. A total of 57 samples were taken at 03 different floors to 

analyze the composition and characteristics including density, moisture, ash, volatile solids and heavy 

metals. The result shows that the rate of biodegradable organic matter is about 2-6%, and the inorganic 

matter (soil, sand, humus) and plastic account for 55 – 67% and 27 – 34%, respectively. The heavy metals 

contamination had not happened. In summary, the management agency does not need to improve and 

recover the environment of Lang Dai landfill area, and the landfill can be utilized to grow inedible 

agricultural crops. 

 

Keywords. Age, composition of waste, depth, disposal area, solid waste, age, depth, characteristics of 

waste, composition of waste, landfill. 

1. INTRODUCTION 

Wastes are the materials we come across in our day to day life. The overpopulation, urbanization and the 

economic growth are among the few reasons for solid waste discharge increasement [1-3].Consequently, 

landfills are opened everywhere to treat this huge quantity of domestic solid waste (DSW) [4, 5]. On the 

other hand, improper landfill management has adverse effects to the environment [6], causing diseases 

spread, and this is even worse in developing countries [7].  

Vietnam- a developing country which had GDP per capita was 2.800USD/year in 2009, produces everyday 

approximately 64.658 ton of DSW. About 35.000 tons of waste (accounts for 71% of DSW being collected) 

are sent to landfill [8]. It shows that landfill treatment is the most common method being used in Vietnam 

with 904 landfills located at every province. Otherwise, only 20% of them are sanitary landfills[8], and a 

part of them were closed. It can be a reason for serious environmental issues. Facing this problem, some 

studies have been done, but they mainly focused on leachates [9, 10], exhausted gases [11, 12] and soild 

contamination [13]. The characteristics and composition of dumped waste are too little, especially in closed 

unsanitary landfills.  

Lang Dai landfill is located on 3,84-ha area in Lang Dai commune, Dat Do district which was opened in 

2006 to bury DSW of Dat Do and Long Dien communes. It was designed for temporary dump (each hole 

is 3m deepth, 20 m length and 6 width). Lime powder was used to spread on each layer of dumped waste, 

and biochemical was used to treat odor. Leachates, exhausted gases were not collected and treated in the 

right way. To 01/01/2015, this landfill was officially closed. It includes 02 zones with 1.79 ha and 2.04 ha 

area. 

mailto:levietthang@iuh.edu.vn
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This study presents the results for the properties and  content of waste at Lang Dai landfill – a closed 

unsanitary landfill in Dat Do District, Ba Ria Vung Tau province. Moreover, it also evaluates the age of 

waste and the depth of dumping in changing waste characteristics. It helps not only to open a new idea to 

make study about landfill but also supply reference for the researchers, the authorities and the strategies 

planners. So, it is useful to select proper solution for treatment, soil recommendations from closed landfills. 

It is the goal of 90-95% of landfills being renovated and treated according to the national strategy on 

integrated solid waste management by 2025 [14]. 

2. MATERIALS AND METHODS 

2.1. Review of Lang Dai Landfill 

Lang Dai landfill is located in Lang Dai commune, Dat Do District, Ba Ria-Vung Tau province. It includes 

02 separate zones which is 200m in distance (Zone A and B- Figure 1). In 2006, all DWS of Dat Do and 

Long Dien district was sent to zone B, and it was closed in 2012. Zone A was used as alternative to dump 

DWS until 01/2015. Because water-proofing methods or leachates and exhausted gases treatment were not 

applied, this can cause some serious problems to surroundings. For both of zone A and B, soil was used to 

cover on the top and melaleuca was planted in zone B. Detail description was shown as below in table 1: 

 
Table 1: Overview on Zone A and B of Lang Dai landfill 

 

Information Zone A Zone B 

Area (ha) 1.79 2.04 

Age (until 2020, years) 8 14 

Years of Dump (years) 

Depth of buried waste (m) 

Quantity of DSW (ton) 

Thickness of soil on the top (m) 

Layer of plant 

3 (2012-2015) 

0.26-3.45 (average =2) 

 

16,900 

0.9 

Grass 

6 (2006-2012) 

0.1-2.8 (average =1.5) 

 

13,915 

1.7 

Melaleuca 

 

It is 10m higher than sea level, and average slope is 0-3º, sloped gently down to the cemetery of Dat Do 

district (Figure 1). Sea sand was covered on the surface. The underground water is stored in Holocen layer 

(11m) and Pleistocen layer (43m), so it is hard to take this type of water[15, 16]. Its surroundings is 

melaleuca forest. The southwest of zone B is adjacent to the cemetery of Dat Do district, and there is no 

contiguous system of rivers or streams. The nearest residential cluster is located on Loc An - Ho Lo street 

and it is 400m far way from area A in the west. 
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Figure 1: Lang Dai landfill 

2.2 Experimental Section 

2.2.1 Sample Collection and Water analysis 

Solid waste was collected from 23 pits (shown in figure 2) by excavator truck in 11/2019. Samples were 

taken at 0,3 m lower from the bottom of each layer. Based on the thickness of each layer, the quantity of 

samples collected were different. A total of 57 samples were collected (refer to Table 2). The parameters 

considered to analysis are: the waste composition including food waste, plastics, cotton, paper, rubber, 

leather, wood, metal, glasses, stones, ceramics, hazardous waste and the residual, the characteristic of waste 

includingbulk density, moisture, ash content, volatile organic matter, heavy metal (Pb, Cu, Cr, Ni, As, Hg, 

Cd). 
Table 2: Sample collection description 

 

Information Zone A Zone B 

Quantity of pit(pcs) 12 11 

Quantity of sample 33 24 

- Upper layer (0-1m) 

- Middle layer (1-2m) 

- Lowest layer 

12 

11 

10 

11 

8 

5 

 

Separation process:  

Sorting and sampling process: Each sample is transported from the excavation pit to the classification 

area with a mass of about 100 - 120kg. Homogenize the CTR sample by mixing by the quadruple shovel 

method. Large CTRs were cut into pieces under 15cm. After homogenization, the CTR sample was weighed 

to determine the density with 3 repetitions to ensure the accuracy of the results. Simultaneously, take 3 - 

5kg of CTR for physicochemical analysis in the laboratory. After that, the solid waste sample continued to 

be classified into 10-11 components (food waste including coconut fiber, snail shell,...), plastic, fabric, 
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paper, rubber and leather, wood, metal, and glass. Crystals, ceramics and crockery, hazardous wastes 

(batteries, needles, lighters...), the rest after sorting (soil, sand, humus.....)) depends on each sample matrix. 

The remaining humus after classification is passed through the rail with hole size of 6mm: (1) The upper 

part of the rail (> 6mm): removed; (2) The lower part of the track (< 6mm) including soil samples and 

decomposition products of CTR will be brought to the laboratory, processed and analyzed. 

Sample processing in the laboratory: After being transported to the laboratory, the sample will be left to 

dry naturally, then grinded to homogenize the sample and then run through the rail with the size of 2mm. 

For metal indicators, the whole sample with size below 2mm is further finely ground and passed through a 

rail with a hole size of 0.25mm,  then used the portion obtained under the rail to be analyzed. 

The sampling methods and sample analysis are detailed in table 3. 

 
Table 3: Standards for sample collection and sample analysis 

 

Information Standards/ methods 

1. Sample collection  

- Solid waste sample 

collection 

- TCVN 9466:2012: Standard guide for sampling waste piles 

- Ref. ASTM D 5231-92 (2016):  Standard Test Method for 

Determination of the Composition of Unprocessed Municipal 

Solid Waste 

- Soil sample collection 

 

 

 

 

2. Sample pretreatment 

 

3. Solid waste and solid 

analysis 

- Bulk density 

 

- Moisture 

 

 

- Ash content 

 

- Hg Concentration 

 

 

 

- Heavy metal: As, Cd, 

Cr, Cu, Ni, Pb, Zn  

- TCVN 5297:1995: Soil quality - Sampling - General 

requirements 

- TCVN 6857:2001: Soil quality - Simplified soil description 

- TCVN 7538 - 2:2005: Soil quality - Sampling - Part 2: 

Guidance on sampling techniques 

TCVN 6647:2007 (ISO 11464:2006): Soil quality - Pretreatment 

of samples for physico-chemical analysis 

 

 

Ref.ASTME 1109-86 (09): Standard Test Method for 

Determining the Bulk Density of Solid Waste Fractions. 

BS EN ISO 18134-1:2015: Solid biofuels - Determination of 

moisture content -Oven dry method-Part 1: Total moisture- 

Reference method 

BS EN ISO 18122:2015: Solid biofuels -Determination of ash 

content 

- US. EPA method 3051A: Microwave assisted acid digestion of 

sediments, sludges, soils, and oils 

- SMEWW 3112 B (2012): Standard methods for the examination 

of water and wastewater 

- TCVN 6649:2000: Soil quality - extraction of trace elements 

soluble in aqua regia 

- SMEWW 3120 (2012): Standard methods for the examination 

of water and wastewater 
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Figure 2: Location of sample collection in Zone A (left) and Zone B (right) of Lang Dai Landfill 

2.2.2 Statistical analysis  

The data was processed using Excel 2010 software. Analysis of variance (ANOVA, ...) 1 factor and 2 

factors with significance level of 0.05 had been performed. 

3. RESULTS 

3.1. Waste Composition Evaluation 

3.1.1. Solid waste composition fluctuation base on dumping years 

Table 4 shows detail content of DSW at Lang Dai landfill. Plastics and inorganic matter (soil, sand, humus), 

account for 27 – 34% and 55 – 67%, respectively. Compared to buried DSW inlet, it concludes that: (i) a 

dramatically decreasement of biodegradable organic ingredients (food, paper, wood) from 74% to 2-6% in 

8-14 year dumped in the landfill, due to the decomposition in aerobic and anaerobic condition of dumping 

[17]; (ii) the increasement of plastic (from 5% to 27-34%) and residual matter (from 18% to 55-67%), as 

some researches [18, 19] also show this tendency. By the time, food waste in DSW is decomposed into 

humus, so it increases the percentage of residual. Moreover, plastics cannot be degraded, so its percentage 

in total amount of waste is higher and higher following to the age of dumping [19, 20]. Although the waste 

in zone B was buried for 6 year longer in zone A, the percent of plastics in zone B (27%)  is lower than the 

percent of plastics in zone A ( 34%). According to Belevi and Baccini [21], the percentage of bricks and 

stone in 11- year sample decreased from 31% to 23% in 14-year sample, and the residual composition 

increased respectively from 50% to 66%. This results from the change of DSW composition buried. With 

the economic growth, the plastic consumption goes up year by year. It is also shown in DSW composition 

of Ho Chi Minh City: the percentage of plastic increased from 5.5% to 13.9% from 2009 to 2017 [8]. 

Moreover, due to the "sinusoidal" distribution of the correlation between the residue composition and the 

non-biodegradable composition (plastic, bricks) in landfill, such as in the first years, the amount of 

biodegradable food organic waste increases the humus residue content. When the decomposition is 

saturated, the residue ratio reaches a certain level (predicted at 50%), the ratio of non-degradable 

components will decrease slightly, contrasting to the increase of the residue composition. This may be 

related to the heterogeneity in characteristics of the waste mass according to different age. It concludes that 

the porosity and waste particle size decrease when the age of landfill is higher [20, 22]. Figure 3 shows the 

negative correlation between residues and plastic at Lang Dai landfill, in which the R2 increases from 0.85 

in zone A to 0.95 in zone B, indicating the reliability of the correlation increases according to the age of 

landfill. It contributes to strengthen the above hypothesis. 

 
Table 4: DSW composition at Lang Dai Landfill 

 

Items DSW in Dat Do Lang Dai Landfill 

Zone A Zone B 

Biodegrable organic matter 

Plastics 

74.5 

5.3 

6.09 

34.87 

2.18 

27.53 
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Rubber 

Coton 

Glasses 

Metal 

Stone, brick, ceramics 

Hazardous waste 

Residual 

0.2 

0.4 

0 

0 

1 

- 

18.6 

0.00 

3.08 

0.48 

0.20 

0.19 

0.02 

55.03 

0.08 

2.39 

0.35 

0.02 

0.3 

0.00 

67.15 
 

  

 

Figure 3: Relation between residue and plastic of solid waste at Lang Dai 

 

3.1.2 Influence of depth on solid waste composition 

 
 

Figure 4: Composition of solid waste at Lang Dai based on the depth 

 

Figure 4 shows the reversion of waste composition according to the depth in 2 zone A and B. In zone A, 

the portion of biodegradable organic waste (food, paper, wood) and non-degradable waste (plastic, fabric, 

rubber, leather, metal, stone) decreases slightly from the surface (0-1m) to the bottom (2-3m). Meanwhile 

the percentage of the residue (humus, soil) increases slowly. However, the highest percent of the non-

biodegradable component and the lowest percent of the residue was recorded in the middle layer (1-2m). 

In contrast, the organic composition and the non-biodegradable component in zone B increases from the 

surface to the bottom, but the residue shows reverse trend. 

This result comes from the following reason: the waste in zone A has been dumped only in 8 years, the 

heterogeneity in the rate of waste biodegradation at all locations may not be reach. The NRR quality 

assessment at Nonthaburi landfill in Thailand also shows the same trend [23]. Meanwhile, with 14-year 

dump, the waste composition in zone B may be homogeneous and the rate of biodegradation is stable. 

Strange [24] suggested that the waste was completely decomposed (homogeneous) in 15- year- old landfill. 

This statement is also supported by the ANOVA by location and by layer in zones A and B of Lang Dai 
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Landfill. The results of sample analysis show that there is only a statistically significant difference at zone 

A for biodegradable organic solid waste (p = 0.02 < 0.05) and residue (p = 0.02 < 0.05), indicating that 

zone A is in the decomposing stage. 

 

3.2 Waste properties evaluation 

3.2.1 Fluctuation by burial time 

Table 5: Physical characteristics of wastes in Lang Dai Landfill 

Position Depth (m) Bulk density 

(kg/m3) 

Moisture 

(%) 

VS (%) Ash content 

(%) 

Zone A- 8 

years old 

 

 

Zone B- 14 

years old 

0-1 

1-2 

2-3 

Average 

0-1 

1-2 

2-3 

Average 

453 

429 

486 

456 

503 

518 

458 

493 

21,5 

22,4 

20,0 

21,3 

10,9 

11,1 

12,5 

11,5 

15,7 

17,8 

15,5 

16,3 

14,4 

13,9 

14,8 

14,4 

 

 

Table 5 shows a negligible change (< 2%) of physico-chemical characteristics between zones A and B in 

the parameters of density, VS, and ash. Moreover, the moisture content in the garbage has a relative 

difference of 10%. ANOVA analysis results also showed a statistically significant difference in humidity 

between the two areas (p = 0.01 < 0.05). It causes the difference in surface cover and the age of the two 

zones; the surface of zone A is covered with grass and 0.9m thickness of soil (Table 1), while area B is 

acacia forest on a soil layer of 1.7m thickness. It leads to a higher ability of water absorption in zone A than 

in zone B. In addition, with the thinner soil covering in zone A, the water evaporation is lower than zone B 

(woody trees) [25]. It also contributed to the increase in moisture difference. 

Density and ash content at Lang Dai landfill increases following to burial time (Table 4), and it is 

proportional to the increase in residue content in the waste. Owusu-Nimo et al [19] and Feng et al [20] had 

also stated this. Meanwhile, moisture and volatile solids (VS) decreased, which was proportional to the 

decrease in biodegradable organic matter percentage. 

The difference of density and humidity in zone A via ANOVA analysis (p < 0.05) shows the heterogeneity 

in waste composition, and proves the biodegradation process is still happening. 

3.2.2 Fluctuation by the burial depth  

The amplitude of density variation with depth is very high in hygienic landfill [19, 20]. In an unsanitary 

landfill as Lang Dai, it is lower (see Figure 5). It causes that the dump taking place in the sanitary landfill 

increases the density of the bottom layer due to the pressure. In addition to, the age factor also affects the 

amplitude according to the depth. The older landfill is, the lower the amplitudebecomes. During the first 2 

years, water and oxygen are used for rapid biodegradation [19, 20]. When they disappeared, the 

homogenization of the waste composition [22] happened, so the amplitude goes down slightly. However, 

only a study on hygienic landfill in Oti - Ghana [19] showed this trend clearly from 4 months to 4 years 

old. With unsanitary Lang Dai landfill, although it is older, the fluctuation is quite small and unclear. 

The density is lowest at the middle layer of zone A (429 kg/m3) and the bottom layer of zone B (458 kg/m3), 

due to the presence of low sediment composition (soil, humus) and the high portion of non-biodegradable 

waste in the areas. The density under 700 kg/m3 significantly reduces land use efficiency and increases the 

risks to the land [26]. Humidity tends to be inversely proportional to density according to Table 6, so it is 

the highest in the middle layer of zone A (22.4%) and the bottom layer of zone B (12.5%). Similarly, 

humidity and VS has the same trend, as they reach the highest in the middle layer (1-2m) of zone A, at 

17.8%, and in the bottom layer (2-3m) of zone B, at 14.8%. It causes the presence of non-biodegrable matter 

(mainly plastic) (see Figure 4), leading to a low density (Table 3). It influenced water distribution and gas-

diffusion. Therefore, it accelerated the decomposition of solid waste [27]. The range of VS in zone B is 

very low (from 0.4 to 0.9%), in zone A the range is higher with value from 0.2 to 2.3%. 
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Figure 5: The bulk density fluctuation of waste in Lang Dai Landfill 

 
Table 6: Correlation between physical characteristics of wastes in Lang Dai Landfill 

 

 Bulk density (kg/m3) Moisture (%) VS (%) Ash content (%) 

Bulk density (kg/m3) 

Moisture (%) 

VS (%) 

Ash content (%) 

1 

(0.73) 

(0.87) 

0.,87 

 

1 

0.86 

(0.86) 

 

 

1 

(1.00) 

 

 

 

1 

 

3.3 Heavy metal concentration evaluation 

3.3.1. Change of waste characteristic by time 

Table 7: The heavy metal concentration in Lang Dai Landfill 

 

Location Depth As Cd Cr Cu Ni Pb Zn Hg 

Zone A 

 

 

 

Zone B 

 

 

 

Average 

0-1 

1-2 

2-3 

Average 

0-1 

1-2 

2-3 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

<0,5 

9.71 

8.68 

9.72 

10.94 

11.21 

12.75 

10.61 

8.77 

50.79 

24.8 

102 

25.3 

163.5 

316 

35.1 

33.6 

3,59 

2.8 

5.03 

2.96 

6.03 

8.15 

4.85 

4.56 

22 

17.9 

38.5 

8.54 

24.1 

34.1 

11.7 

22.1 

68.4 

67.5 

75.9 

61.4 

192 

323 

87.7 

71.6 

<0,1 

<0,1 

<0,1 

<0,1 

<0,1 

<0,1 

<0,1 

0.13 

QCVN 07:2009/BTNMT 

TCN 526:2002 

QCVN 03:2015/BTNMT 

 

 

40 

- 

15 

10 

2.5 

1.5 

100 

200 

150 

- 

200 

100 

1400 

100 

- 

300 

250 

70 

5000 

750 

200 

4 

2 

- 

 

The concentration of heavy metals in Lang Dai landfill tends to increase with the time of burial, shown by 

the difference of Cr, Cu, Ni, Pb, Zn concentration in zone A and B (Table 7). Teka et al [28] and Adelopo 

et al [29] also said that in their research. Moreover, the ANOVA analysis showed that there was no 

difference in the indicators of heavy metals in the two areas, so the level of fluctuations over time of heavy 

metals is not too much [30]. Ni, Zn and Cu are the three indicators with the highest change over time with 

values of 1.8, 2.8 and 3.2 times, respectively. This is also the group of indicators with the highest correlation 

(Table 9). 

The concentration of heavy metals in the two areas decreased gradually: Zn > Cu > Pb > Cr > Ni > As > 

Cd > Hg. The higher content of zinc than others was also mentioned in some studies [23, 28, 32]. The 

organic waste which contains zinc, zinc batteries, and fluorescent lamps can attribute to high zinc level 

[28]. 
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Table 8 shows the concentration of heavy metals in the waste at Lang Dai landfill and other landfills in 

some developing countries such as India and Nigeria.  The waste composition at Lang Dai landfill is similar 

to Use Offot landfill, Nigeria. These landfills were located in rural areas, so the concentration of heavy 

metals is lower than landfills in urban areas, due to the difference in commercial and industrial activities 

between the city and the rural areas [32]. In addition, the difference in the concentration of heavy metals 

between the landfills according to the national territory also demonstrates that the differences in culture, 

production and consumption affecting the composition of waste. 

Compared with the standard for composting from MSW in Vietnam (10 TCN 526:2002), the fine soil in 

the waste mass of Lang Dai landfill can be exploited to make compost for inedible crops or as mulching 

material [33]. Furthermore, all indicators are in compliance to QCVN 07:2009/BTNMT - Vietnam's 

national technical regulation on hazardous waste thresholds in solid waste materials.  When it is compared 

with QCVN 03:2015/BTNMT for agricultural land, most of the monitored samples met, only the criteria of 

Cu, Zn (5/57 samples - 9%) and Pb (3/57 samples) excess the standards. It indicates a low pollution level 

of heavy metals in the soil. Therefore, it is adequate to convert the landfill into agricultural land, without 

remediation at this time [34]. However, according to the study of Ebong et al [32], plants grown on landfill 

can bioaccumulate higher concentrations of metals than plants grown on normal agricultural land, so it is 

better to plant inedible crops. With a low concentration of heavy metals in waste, it leads to a low possibility 

of contaminating the surroundings of Lang Dai landfill, some studies [35, 36] proves the above statement. 

 
Table 8: Correlation between the heavy metal in Lang Dai Landfill 

 

Name of landfill As Cd Cr Cu Ni Pb Zn Hg 

Zone A- Lang Dai* 

Zone B - Lang Dai* 

Kadaba, India [37] 

Hyderabad, India [37] 

Delhi, India [37] 

Use Offot, Nigeria*  [32] 

Old stadium road, Nigeria  [32] 

<0,5 

<0,5 

- 

- 

- 

- 

- 

<0,5 

<0,5 

7.66 

8.53 

1.89 

9.25 

14.1 

9.71 

11.21 

68.59 

88.75 

135 

- 

- 

50.79 

163.5 

148.34 

329.28 

271.31 

33.7 

56.33 

3.59 

6.3 

25.25 

20.48 

66.06 

7.98 

12.18 

22 

24.1 

85.58 

81.46 

81.01 

18.57 

43.28 

68.4 

192 

115.05 

129.95 

63.98 

57.9 

88.34 

<0,1 

<0,1 

- 

- 

- 

- 

- 

Note: *Lang Dai Landfill is in rural area, others are in urban area 

 

Table 9: Correlation between the heavy metal in Lang Dai Landfill 

 

 As Cd Cr Cu Ni Pb Zn Hg 

As 

Cd 

Cr 

Cu 

Ni 

Pb 

Zn 

Hg 

1 

- 

0.35 

(0.02) 

0.12 

0.30 

0.02 

0.38 

 

1 

- 

- 

- 

- 

- 

- 

 

 

1 

0.07 

0.28 

0.02 

0.14 

0.51 

 

 

 

1 

0.88 

0.57 

0.96 

(0.08) 

 

 

 

1 

0.49 

0.85 

0.22 

 

 

 

 

1 

0.59 

0.05 

 

 

 

 

 

 

1 

0.02 

 

 

 

 

 

 

1 

 

3.3.2 Fluctuation of waste properties by the depth 

In zone A: The concentration of heavy metals in the middle layer is the highest (refer to Table 7), the two 

layers do not change too. Because the leachate in biodegradation areas permeates down to the lower layer, 

the wastes in the middle layer (1-2m) contain high heavy metal. Similarly, a study at the Perungudi landfill 

- India. Degree [38] indicates the same tendency. Meanwhile, the concentration of heavy metals decreases 

gradually from the surface to the bottom in zone B. This correlated to the gradual decrease of the residue 

content in the waste (see Figure 4). 



International Symposium for Green Solutions (ISGS 2022) 

200  ©2022 Industrial University of Ho Chi Minh City                                                                                

ANOVA analysis showed that there was no significant difference between the layers (p>0.05) at all 

parameters in each zone. However, there is a high variation of Zn (4.5 times) and Cu (9.4 times), and it 

causes the abnormality of samples in the surface layer. 

4. CONCLUSIONS 

This research indicates that there is a difference in the degree of biodegradation between zone A (8 years 

old) and zone B (14 years old). In zone A, the biodegradation is still happening, leading to the characteristic 

of waste fluctuates. On the contract, there is a stable biodegradation in zone B, and the uniformity of waste 

properties can be reach everywhere. 

The longer the burial, the higher the sediment content (soil, sand, humus) appeared. Meanwhile, the 

percentage of plastic in particular and the non-biodegradable components, which account for a large 

proportion, will fluctuate following to the sine chart: a sharp increase at the beginning of the biodegradation; 

decreases gradually at the stable biodegradation, and the residue is expected to reach at 50% or more. From 

the difference in the decomposition in the two zones, it affects to the distribution of composition and 

physico-chemical characteristics of the waste by depth. 

The difference between the waste composition and properties in Lang Dai landfill and others in some 

developing countries includes the influence of various management and operation processes in sanitary and 

unsanitary landfills on the change of the characteristics of the waste time by time. In addition, the cultural 

behavior of production and consumption in rural and urban areas can cause a difference in the concentration 

of heavy metals in these landfills. Normally, the heavy metals concentrate more in rural landfill. 

The heavy metals in Lang Dai landfill does not fluctuate time by time and are too low, so this landfill can 

be converted to grow inedible crops. Because the vegetal cover layer also affects on the physico-chemical 

characteristics of the landfill, it is necessary to have more studies on the influence of the coating on the 

waste characteristics. It will help to suit for the reclamation and recover the unsanitary landfills which 

account for 80% of rural and urban areas in Vietnam, and to meet expectations of the national solid waste 

management strategy. 
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Abstract. Ca Mau is the southernmost coastal province of Vietnam, located in the Mekong Delta region. 

It is bounded by the Gulf of Thailand and the East Sea of Vietnam, with a natural area of 5,329km². Large 

parts of the land area in Ca Mau lie less than 1.5 m above sea level. This study provides an overview of the 

potential heavy metal contamination of groundwater in Ca Mau Province. Groundwater samples of 21 

sampling sites were collected over 7 consecutive periods from March 2018 to March 2021. Each sample 

was analyzed for five heavy metals including Fe, Mn, Cu, Pb, and As. Sampling and sample handling 

techniques were performed based on the Standard Methods for the Examination of Water and Wastewater. 

This study also used ArcView (ArcGis) tool to produce distribution maps of heavy metal contamination. 

Among all five heavy metals (Fe: 0  9.48 mg/L; Mn: 0  0.31 mg/L; Cu: 0  0.24 mg/L; Pb: 0 mg/L; As: 

0 mg/L) examined in the study area, the concentrations of Fe were the highest, while the concentrations of 

Pb and As were the lowest that was lower than the limit of detection. The results showed that Fe 

concentrations in some sites exceeded the permissible thresholds of the National Technical Regulation on 

groundwater quality. In general, the distribution of Fe and Cu concentrations was almost similar, decreasing 

in the coastal area in contrast to the distribution of Mn increasing in the coastal area. These conclusions 

about the distribution of heavy metal concentrations in groundwater can be used to propose solutions as 

well as policies for effective groundwater quality control and socio-economic development activities in Ca 

Mau Province.  

 

Keywords. Heavy metal contamination, Groundwater, Concentration, Distribution. 

1. INTRODUCTION 

Ca Mau is located in the Mekong Delta of southern Vietnam. The terrain is low and flat with many rivers 

and canals. Most of the area has a lower elevation than the high tide water level and is frequently inundated 

[1]. Ca Mau has 8 main rivers and 3 primary canals, which are interlaced river and canal network that 

facilitates the exchange between surface water and groundwater of the shallow aquifers [2]. The tidal system 

in Ca Mau is affected by the irregular semi-diurnal tidal regime of the East Sea of Vietnam and the irregular 

diurnal tidal system of the Gulf of Thailand. Saltwater intrusion into surface water and groundwater of the 

Mekong Delta occurs during the dry season due to reduced freshwater flow in the canals and is also directly 

related to sea tides [3]. One of Ca Mau’s main rivers, Ong Doc River, which flows through the province 

from the center to the Gulf of Thailand, usually has a salinity (TDS) greater than 25.0  27.0 g/L, even far 

inland. As a comparison, seawater has a TDS of 35.8 mg/L. In the southern Ca Mau Province, salinity in 

farm canals can exceed seawater TDS because of the high evaporation [4]. 

Groundwater is the principal natural water resource for both drinking and agricultural purposes. Nowadays, 

one of the most important environmental issues is groundwater contamination [5, 6]. In areas, there is high 

population density and excessive land use with the vulnerable groundwater. Virtually any activity whereby 

chemicals or wastes may be released into the natural environment, either intentionally or accidentally, has 
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the potential to pollute groundwater. When groundwater becomes contaminated, it is difficult and expensive 

to clean up [5, 6]. Heavy metals are among the major contaminants of groundwater sources [7]. Some of 

these heavy metals are essential for the growth of living organisms, whereas others are non-essential as 

they are indestructible and most of them are categorized as toxic species on organisms [8]. Nonetheless, the 

toxicity of heavy metals depends on their concentration and properties in the environment. With increasing 

heavy metal concentrations in the natural environment and decreasing the capacity of soils toward retaining 

heavy metals, these leach into groundwater and soil solution. Thus, these toxic heavy metals can be 

accumulated in living tissues and concentrated through the food chain. Man-made activities such as mining, 

final disposal of treated and untreated wastes containing toxic metals as well as metal chelates [6] from 

industries various like steel mills, battery industry, thermal power plants, and also the indiscriminate use of 

fertilizers and pesticides containing heavy metals in agriculture led to detailed of water quality causing 

serious environmental problems threatening humans [7] and persisting in aquatic ecosystems [8, 9]. 

Kongkea Phan et al (2013) investigated potential trace element contamination in the groundwater of the 

Mekong River Basin in Cambodia. Groundwater samples were collected from three provinces in the 

Mekong River Basin of Cambodia and analyzed using ICP-MS. Groundwater from Kandal and Kraite got 

high concentrations of As, Mn, Ba, and Fe while none of the wells in Kampong Cham got trace elements 

higher than Cambodia's allowable limit [10]. And then, Singh et al (2019) focused on a comprehensive 

assessment of the heavy metals As, Al, Cr, Fe, Hg, Ni, Se, and Pb in the period before and after the monsoon 

in 2018, serving for research-based management policies to reduce groundwater pollution in the area. All 

the spatial and temporal data of the water samples were imported into the ArcGIS database and the IDW 

interpolation technique was selected. The results of groundwater pollution concentrations compared with 

the Indian Standards showed that the average concentration of the indicators observed in the before 

monsoon period was Fe > Al > Ni > Pb > Cr > Se > As > Hg; after the monsoon was Al > Fe > Ni > Pb > 

Cr > Se > As > Hg [11]. 

In Vietnam, the chemical analytical results of groundwater samples collected from the household wells in 

Ca Mau showed one sample of Pb level (0.018 mg/L) and three samples of Hg levels (0.005 – 0.009 mg/L) 

exceeding the Vietnamese Guidelines. Other chemical components (Fe, Zn, Cu) were detected in 

groundwater samples at low values. Chloride concentration varied in a narrow range (88 – 133 mg/L) and 

did not exceed the Guideline. As was detected in the 150 samples collected in German Technical 

Cooperation with Vietnam Improvement of Groundwater Protection in Vietnam Baseline Study Ca Mau 

[12]. Nguyen Van Truc et al (2020) evaluated the concentration of Arsenic (As) in groundwater serving 

daily activities in the provinces of Long An and Tien Giang (Mekong Delta, Vietnam). The average detected 

As concentrations were 15.9210-3 ± 11.4010-3 mg/L (n = 24, Long An) and 4.9510-3 ± 4.7010-3 mg/L 

(n = 24, Tien Giang). The average As concentration in Long An did not meet the drinking water standards 

of WHO and QCVN 01: 2009/BYT (1010-3 mg/L) [13].  

The main objectives of this study were: (1) to determine the spatial variation of heavy metals using 

multivariate statistical techniques; (2) to produce the temporal distribution maps by using the ArcView 

(ArcGis) tool for heavy metal concentrations. 

2. MATERIALS AND METHODS 

2.1. Study Area 

Data from about 5,329 km2 with a length of 170 km coastline were used as representative examples for the 

study areas. Groundwater samples for heavy metal analysis (Fe, Mn, Cu, Pb, and As) at 21 sites were taken 

in 7 periods in March and September (2018, 2019, 2020) and March (2021) (see Figure 1). 
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Figure 1. Study area of heavy metal concentrations with 21 sampling sites (NN01-NN21) 

2.2. Sample Collection 

Groundwater samples for on-site particulate metal analysis were taken in aby standards of TCVN 6663-

3:2008 Water quality – Sampling – Part 3: Guidance on the preservation and handling of water samples 

[14, 15]. All samples were collected in clean, 2.0-liter polyethylene bottles, pre-washed with 10% nitric 

acid, and deionized water. PrioBeforepling, the bottles were rinsed at least three times with water from the 

sampling site. Sample locations at each point were taken in the middle of the river with a surface water 

depth of 30  40 cm [15-17]. All water samples were immediately brought to the laboratory. 
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2.3. Analytical Methods 

The standard methods of heavy metals and their analytical methods were presented briefly in Table 1. 

 
Table 1. Parameters and methods of groundwater analysis 

No. Parameters Unit Methods QCVN 09-

MT:  

2015/BTNT 

(*) 

1 Fe mg/L TCVN 6177:1996 5.00 

2 Mn mg/L SMEWW 3111B: 2017 0.50 

3 Cu mg/L SMEWW 3111B: 2017 1.00 

4 Pb mg/L US EPA Method 200.8 0.01 

5 As mg/L US EPA Method 200.8 0.05 

Notes: (*) the National technical regulation on groundwater quality. 

Samples were acidified with 2 mL of concentrated Nitric acid to prevent precipitation of metals, reduce 

adsorption of the analyst to vessel walls and avoid microbial activity; then aqueous samples were preserved 

at 2°C until analysis. Samples were filtered through a millipore filter using 0.45 µm Whatman filter paper. 

If the concentration exceeds the calibration curve, the samples are appropriately diluted and acid is added 

to measure the sample. Samples for heavy metal analysis were measured in the Inductively Coupled Plasma 

Optical Emission Spectrometer [18]. 

2.4. Data Analysis 

The obtained data were subjected to statistical analysis to check the analysis of variance (ANOVA) and the 

correlation between all parameters using R-statistical software. Map of the study area and sampling 

locations were applied using Google Earth. The ArcView (ArcGis) tool was used to produce distribution 

maps of heavy metal concentrations for the Ca Mau groundwater. 

3. RESULTS AND DISCUSSIONS 

3.1. Heavy Metal Concentrations in Groundwater 

The concentrations of Fe, Mn, Cu, Pb, and As have been detected in the groundwater at 21 different 

locations during 7 periods (of 2018, 2019, 2020, and 2021) in Ca Mau Province as recorded in Table 2. 

 
Table 2. Heavy metal concentrations in the groundwater of the study area 

 

Sites Fe (mg/L) Mn (mg/L) Cu (mg/L) Pb (mg/L) As (mg/L) 

Range Mean Range Mean Range Mean Range Range 

NN-01 0÷0.58 0.22 0 0 0 0 0 0 

NN-02 0÷3.05 1.66 0.014÷0.018 0.017 0÷0.020 0.015 0 0 

NN-03 0÷0.20 0.08 0.018÷ 0.023 0.020 0 0 0 0 

NN-04 0÷0.36 0.18 0.017÷ 0.024 0.020 0 0 0 0 

NN-05 0.08÷0.29 0.19 0.017÷ 0.021 0.019 0 0 0 0 

NN-06 4.52÷9.48 6.70 0.025÷ 0.029 0.027 0÷0.024 0.018 0 0 

NN-07 0÷0.26 0.09 0.021÷ 0.024 0.022 0 0 0 0 

NN-08 0÷0.35 0.16 0.015÷ 0.018 0.016 0 0 0 0 
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NN-09 0.46÷0.83 0.67 0.014÷ 0.020 0.017 0÷0.018 0.014 0 0 

NN-10 0.07÷0.36 0.25 0.014÷ 0.017 0.016 0 0 0 0 

NN-11 0÷0.25 0.14 0.018÷ 0.022 0.020 0 0 0 0 

NN-12 0.26÷0.87 0.59 0.015÷ 0.018 0.017 0÷0.018 0.014 0 0 

NN-13 0÷0.58 0.23 0.015÷ 0.019 0.017 0 0 0 0 

NN-14 0÷0.36 0.16 0.018÷ 0.023 0.021 0 0 0 0 

NN-15 0÷0.17 0.08 0.016÷ 0.019 0.017 0 0 0 0 

NN-16 0÷0.21 0.09 0.018÷ 0.024 0.021 0 0 0 0 

NN-17 0÷0.10 0.01 0.022÷ 0.027 0.025 0 0 0 0 

NN-18 0÷0.38 0.09 0.015÷ 0.019 0.017 0 0 0 0 

NN-19 0.12÷0.17 0.15 0.026÷ 0.031 0.029 0 0 0 0 

NN-20 0÷0.34 0.18 0.017÷ 0.026 0.022 0 0 0 0 

NN-21 0.14÷0.21 0.17 0.022÷0.028 0.025 0 0 0 0 

 

Table 3 showed that concentrations of Fe (0  9.48 mg/L) were the highest. The next high concentrations 

recorded were the concentrations of Mn (0  0.31 mg/L) and Cu (0  0.24 mg/L), and the lowest 

concentrations were of Pb and As (under the limit of detection). Among all five heavy metals examined in 

the study area, concentrations of most heavy metals were observed in descending order Fe > Mn > Cu > 

Pb, As. The concentrations of heavy metals (Mn > Cu > Pb > As) were within the allowable limit of the 

National Technical Regulation on groundwater quality for QCVN 09-MT: 2015/BTNMT [19]. The 

concentration of heavy metals such as Pb and As have not been detected in water samples in this system. 

The Fe concentration in some sites exceeded the allowable threshold of the National Technical Regulation 

on groundwater quality. 

3.2. Spatial Distribution of Heavy Metal Concentrations in Groundwater 

The average concentrations in groundwater for different heavy metals arranged in the order were as follows: 

Fe > Mn > Cu. While the concentrations of Pb and As were the lowest, these were even lower than the limit 

of detection (Figure 2a, 2b, 2c). The results showed that the Fe species had the highest average 

concentrations at NN-09 and NN-12 sites, which were affected by high acid sulfate soil in U Minh Ha 

District. The lowest average concentration was identified at the NN-18 site (Figure 2a). The Mn species 

had the highest average concentrations at the NN-06, NN-17, NN-19, and NN-21 sites. The lowest average 

concentrations were identified at the NN-08 and NN-10 sites (Figure 2b). These results were quite similar 

to the heavy metal concentrations in the Doi canal, the Cho Dem, and Ben Luc rivers, which showed that 

the concentrations of different heavy metals in groundwater followed in order: Fe > Mn > Cu > Zn > Ni > 

Pb > Cr, Cd, As [20]. While the concentrations of Cu were found in the sites of NN-02, NN-06, NN-09, 

and NN-12 with low concentrations. Similar to the study of Eldow et al (2020), it showed that Fe was a 

natural element of the earth’s crust. It was present in groundwater due to the transfer of rainwater through 

the different soil layers and its friction with the soil elements that were saturated with quantities of iron 

[21]. The Fe concentration was over the permissible thresholds of the National Technical Regulation on 

groundwater quality (QCVN 09-MT: 2015/BTNMT) in most of the sampling sites. 
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a) Fe average concentrations (mg/L) 

 

b) Mn average concentrations (mg/L) 

 

c) Cu average concentrations (mg/L) 

Figure 2. Heavy metals at 21 sampling sites in the study area. (a) Fe concentrations; (b) Mn concentrations; and (c) 

Cu concentrations 
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The values of heavy metals showed no significant difference in measured concentrations between the 

samples in the Ca Mau Province, which means a strong correlation between them. Singh et al (2019) 

assessed the groundwater quality in an industrial town located in Punjab, India, which revealed the presence 

of As, Al, Cr, Fe, Hg, Ni) Se, and Pb. Geographic information system (GIS) – based spatial interpolation 

showed higher contamination levels around industrial areas and the drainage channel where industrial 

effluent was generally discharged. The presence of environmentally sensitive elements in the groundwater 

of the study area could pose non-carcinogenic health risks. Carcinogenic health risks through ingestion and 

dermal pathways are mainly due to the presence of As, Pb, and Cr contamination [22]. The types and 

concentrations of the elements in the soil are closely related to the parent materials of the soil. While human 

activities contribute to the spatial variability in heavy metal concentrations, natural factors are the main 

cause of the larger heavy metal spatial distribution trends [23, 24]. 

3.3. Temporal Distribution Maps of Heavy Metal Concentrations in Groundwater 

Figures 3, 4, and 5 showed the temporal distribution of sampling locations and GIS interpolation for heavy 

metals of Fe, Mn, and Cu. 
 

     

                                     (a)                                                         (b) 
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                                      (c)                                              (d) 

Fig. 3. Temporal distribution maps of Fe concentrations in groundwater for the study area. (a) 2018, (b) 2019, (c) 

2020, (d) 2021 

 

The results of Fe distribution by the IDW interpolation algorithm showed that concentrations over the 

survey periods did not change significantly. According to the analysis maps of the IDW algorithm from 

Figure 3 (a, b, c, d), it could be seen that Fe concentrations tended to decrease gradually from north to south. 
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                                               (a)                                                                                          (b) 

    
       (c)                                                                (d) 

Figure 4. Temporal distribution maps of Mn concentrations in groundwater for the study area. (a) 2018, (b) 2019, (c) 

2020, (d) 2021 

 

In general, the results of temporal manganese distribution were presented in Figure 4 (a, b, c, d). The Mn 

concentrations in groundwater at Ca Mau had not been affected by socioeconomic activities. This was a 

very good sign that needed to be maintained. In addition, the distribution of Mn concentrations has gradually 

decreased from the northeast to the southwest, and somewhat reduced from the mainland to the coastal area.  

Normally, Fe and Mn concentrations in groundwater were higher in areas containing paddies and water 

bodies than in other land use type areas [25]. The main reason for the high concentration of Fe and Mn in 

groundwater in the study area was that the Fe/Mn mineral-rich layer  as well as soil rich in organic matter 

act as a source of Fe and Mn for groundwater and the environment. The field in the lower terrains and 

aquifers was favorable for the dissolution of Fe and Mn in groundwater [25]. 
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                                   (a)                                                        (b) 

     
                                (c)                                                               (d) 

Figure 5. Temporal distribution maps of Cu concentrations  in groundwater  for the study area. (a) 2018, (b) 2019, 

(c) 2020, (d) 2021 

 

The results of Cu distribution were presented in Figure 5 (a, b, c, d). The Mn concentrations in groundwater 

at Ca Mau have not been affected by socioeconomic activities. The temporal distribution of Cu did not 

change significantly over the surveys. The Cu concentrations in groundwater at Ca Mau tended to be 
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distributed close to the distribution of Fe concentrations, which have gradually decreased from the north to 

the south (Figure 5a, b, c, d). In general, industrial activities in Ca Mau have not yet developed, so the Cu 

concentrations were recorded as very low or not detected in most of the study sites.  

Similar to the study of Cenci and Martin (2004) in the Mekong River Delta, there was no significant 

difference between the concentrations observed during the dry and wet seasons [26]. The metal 

concentrations in the dissolved and suspended particle phases in the Mekong Delta River remained in the 

low concentration range of the main Asian Tropical River. During transportation in the riverine part, we 

have evidenced that V, Cr, Co, As and Pb were dominant in the particulate phase while Mo, Ni, and Cu 

dominate in the dissolved fraction [27]. 

4. CONCLUSIONS 

Among all five heavy metals examined in the study area, the concentrations of Fe (0  9.48 mg/L) were the 

highest and the lowest concentrations belonged to Pb and As (lower than the limit of detection). The 

concentrations of Fe in some sites did not meet the allowable limit of the National Technical Regulation on 

groundwater quality for QCVN 09-MT: 2015/BTNMT. 

The average concentrations of different heavy metals in groundwater are numbered as follows: Fe > Mn > 

Cu. While the lowest concentrations of Pb and As were lower than the limit of detection. The results showed 

that iron had the highest average concentrations at the sampling sites NN-09 and NN-12. The lowest mean 

concentration was determined at the site NN-18. The highest average concentrations of Mn were identified 

at the sites of NN-06, NN-17, NN-19, and NN-21. The lowest mean concentrations were determined at sites 

NN-08 and NN-10. The values of heavy metals did not differ significantly in the concentrations measured 

between the samples in Ca Mau Province, which meant that there was a strong correlation between them.  

According to the mapping results, it could be seen that concentrations of Fe have decreased gradually from 

the north to the south and from the mainland to the coastal area. While the distribution of Mn concentrations 

tended to increase gradually in the coastal direction, opposite to the distribution of Fe concentrations. In 

addition, the concentrations of Cu in groundwater at Ca Mau tended to distribute similar to the Fe 

concentrations, which gradually decreased from the mainland to the coastal area as a result of Fe. In general, 

industrial activities in Ca Mau have not yet developed, so the Cu concentrations were recorded as very low 

or not detected in most of the study sites. However, the presence of these heavy metals in groundwater 

sources for domestic use needs to be managed with appropriate technology suitable for rural and urban 

populations. Moreover, future research is needed to study the interactions between pollutants from 

agricultural activities with Fe and Mn in groundwater. It is also important to develop environmental 

management strategies for preventing the increases of Fe and Mn concentrations and promoting sustainable 

development in agricultural production. 
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Abstract. In the trend of sustainable food system development, the implementation of a healthy diet 

through the use of whole foods, local foods, and plant-based foods to prepare food at the restaurant is being 

cared for. The objective of the study was to investigate the role of citrus fiber in the structure of biscuits 

made from peas, whole pumpkin, and porcelain banana puree to develop a line of butter, sugar, and gluten-

free biscuits. Mixture formulas (MF) including pea flour: pumpkin powder: porcelain banana puree are 

1:1:1, 2:1:1, and 3:1:1, respectively (by mass % MF). Citri-Fi 100 (100% Citrus Fibre) was investigated at 

levels 0 and 0.25 (mass % MF) respectively. The water content is additionally calculated to ensure that the 

dough samples have the same moisture content of 35 - 36%. Structural properties of 6 cake recipes, in 

which the cake control sample was the sample without the addition of Citri-Fi 100, were recorded. 

Determine the cake structure by measuring the penetration force on the Brookfield CT3 4500 structure 

measuring device, the color of the cake is determined by the Minotab CS-10 colourimeter. The results show 

that Citri-Fi 100 plays an important role in creating the structure for butter-free, sugar-free, gluten-free 

biscuits from beans, pumpkin, and bananas. The cake recipe with a mixing ratio of 2:1:1 and 0.25% Citrus 

Fibre shows that the cake has the right structural properties. It is noteworthy that the color ∆E of the 3 

recipes with 0.25% citrus fiber added did not have any significant difference compared with the color of 

the control cake (premium biscuits Coffee Joy - Indonesia has the values as follows: L* = 50.52; a* = 9.27; 

b* = 26.9). The finding of this work could be applied to the development of biscuits for consumers who are 

on a diet or have gluten intolerance syndromes. 

 

Keywords. free-sugar biscuit, free-gluten biscuit, free-butter biscuit, lablab bean, pumpkin, banana. 

1. INTRODUCTION 

Biscuits are the most commonly consumed bakery goods in India and other parts of the world because of 

their convenience, affordable price, good nutritional quality, availability in different tastes, and longer shelf 

life [1]. Ingredients of biscuits include flour, fat, and sugar to form cookie dough [2]. 

Gluten-free biscuits are gluten-free biscuit – products specifically for people with gluten allergies. Celiac 

disease, also known as gluten intolerance, is most common in infants through toddlers due to their immature 

immune and digestive systems [3]. 

Today, the incidence of Celiac disease, gluten allergy, and cardiovascular diseases is increasing. According 

to current and future consumption trends globally, consumers reduce their consumption of animal products 

(including eggs) and increase their consumption of plant-based foods towards an ideal meal, with 85% 

plants and 15% animals. 

Citrus fiber is the insoluble and/ or soluble fiber component of citrus fruits such as oranges, lemons, and 

grapefruits [4]. In recent years, citrus fiber has received more and more attention from researchers due to 

its significant effects on the human body, such as stress relief, improved skin tone, digestive ailments, heart 

health, and cancer prevention. Citrus fiber is gaining popularity as a natural speciality food ingredient, 

commonly used as an emulsifier and water binding agent in various food products such as baked goods. 

Many manufacturers adopt citrus fiber as an egg or oil substitute, providing a more natural and functional 

mailto:*nguyenthiminhnguyet@iuh.edu.vn
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emulsion [5]. Citrus fiber can form gels from the natural pectin content in fruit preparations with the 

required Brix and pH [6]. 

In the confectionery industry, the primary sugar used is sucrose. Sugar is an essential ingredient in bakery 

products. As well as imparting a sweet taste, they also affect the fermentability, appearance, taste, color, 

structure, and texture of the finished products. There are many choices of sweeteners available, and the type 

chosen depends on the degree of sweetness required for its function in the flour or dough, and the desired 

shape or texture of the baked product [7]. As sugar consumption increased in the last decades of the 20th 

century, researchers began to examine whether a diet high in sugar, especially refined sugar, is harmful to 

human health. Consuming too much sugar has been linked to obesity, diabetes, cardiovascular disease, 

dementia, and tooth decay. Many studies have attempted to clarify those effects, but with mixed results, 

mainly because it is difficult to find populations to use as controls that consume little or no sugar. In 2015, 

the World Health Organization recommended that adults and children reduced their free sugar intake to less 

than 10% and encouraged them to reduce it to less than 5% of their total energy intake [8]. Studies show a 

potential link between sugar consumption and health problems, including obesity and tooth decay. 

Excessive use of sugar has been linked to type 2 diabetes, obesity, increased heart disease, and faster growth 

of cancer cells [9]. 

Butter is a dairy product made by whipping fresh or fermented milk or cream. Butter is used to spread bread 

as a condiment and cook, such as sauces, frying, and baking. Butter is made up of butterfat surrounded by 

little water and milk proteins. Butter contains mainly saturated fat and is a significant source of cholesterol. 

So eating many avocados can lead to several health risks, especially heart disease [10]. 

An unhealthy diet rich in calories and saturated fat, physical inactivity is a serious health threat. The 

relationship between diet and health problems is not a new notion. People are paying more attention to their 

calorie intake through their daily fat and carbohydrate intake. To limit the prevalence of diabetes and 

coronary heart diseases, the food technology industry has been focusing on producing low-fat/low-calorie, 

high-fiber foods in response to public interest [11]. 

Lablab bean seeds (Lablab purpureus) are an annual or sometimes short-term perennial legume. It is a 

herbaceous plant that grows twisted, creeping, crawling, or upright, which can grow to a length of 3 - 6m. 

It has a deep taproot and strong hairy or crescent-shaped stems. Lablab leaves are alternate leaves and have 

a trifoliolate effect. The leaflets are rhomboid, 7.5 - 15cm long x 8-14cm wide, pointed at the apex. The 

upper surface is smooth, while the underside has short hairs. Lablab seeds (beans) are oval, compressed 

laterally with a conspicuous linear hilum. Lablab beans vary in color, depending on the variety or cultivar, 

typically white to dark brown, and some black. Wild varieties and some cultivated varieties tend to have 

spotted seeds [12]. 

Lablab beans contain about 26% of the dry matter in protein, but it varies widely between seedlings or 

between varieties (23 to 28%). The lysine content of lablab beans is relatively high (6.3% protein) and 

similar to soybean but lower in methionine and cystine. The starch content of lablab is relatively high (45%), 

while the fiber content is low (crude fiber less than 10% dry matter) [12]. 

Pumpkin is a nutrient-rich fruit of the genus Cucurbita, family Cucurbitaceae. This is a common name for 

plants of the following species: Cucurbita pepo, Cucurbita mixta, Cucurbita maxima, and Cucurbita 

moschata. Pumpkin contains a lot of fiber, vitamins A, C, and E, bioactive compounds, b-carotene, and 

other valuable vitamins (B6, K, thiamine, and riboflavin), as well as minerals (K, P, Mg, Fe, and Se) [13]. 

Pumpkin is a rich source of natural provitamin A. In addition to a fairly high ratio of fiber and iron, pumpkin 

also provides vitamin C, folic acid, magnesium, potassium, and protein [13]. In particular, pumpkin meat 

is a rich source of vitamin A, which plays an important role in bone growth and reproduction; vitamin A is 

also involved in protein biosynthesis, immune system regulation, and protecting the skin. The pumpkin also 

contains a substance necessary for the development of the brain, which is glutamic acid, which plays an 

important role in healthy nerves, enhancing metabolic reactions in nerve cells and the brain. Therefore, 

pumpkin is considered a portion of brain food, a treatment for neurasthenia, and food for children with 

mental retardation. 

Porcelain bananas (Pisang Awak) are one of the most widely consumed fruits globally because they bring 

great nutritional value to human health. Today, bananas are grown mainly in Southeast Asia and rank among 

the world's important food crops [14]. Porcelain banana is also known as Siamese banana because the king 

of Siam gave tribute to our country in the past. With the shape of two slender and petite ends, the middle 
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part is more significant, and the shell has three edges and a long stalk. When ripe, it is yellow, and the flesh 

is white and sweet. They are grown mainly in the southern provinces of our country because they are 

suitable for hot and sunny climates. 

Bananas are grown in at least 107 countries. The banana tree has a false stem up to 6 – 7.6m, growing from 

an underground stem. Banana leaves are twisted and can be 2.7m long and 60cm wide. The banana tree is 

the largest herbaceous species [15]. Banana flowers are usually hermaphroditic, the flower heads usually 

produce a separate, non-reproductive male flower, also known as a banana flower, but sometimes it can 

create additional flowers. Bananas come out into hanging baskets, each layer (bundle) has up to 20 fruits, 

and each stem has 3 - 20 bunches. The bags are generally called a stem, weighing 30 - 50kg. An average 

fruit weighs 125g, of which about 75% is water, and 25% is dry matter. Each fruit has a tough rind around 

soft edible flesh. The peel and meat are both edible fresh or processed. 

Porcelain bananas contain many nutritional components such as fiber, vitamins, starch, protein, and 

minerals such as magnesium, sodium, calcium, zinc, iron, potassium, and phosphate ... Therefore, they are 

used for processing many dishes such as banana ice cream, banana soup, fried bananas, grilled bananas, 

boiled bananas ... Not only can the porcelain bananas be cooked, but when the green fruit is still alive, it 

can be used in salads and side dishes. In addition, porcelain bananas also contain 2 compounds, Serotonin 

and Norepinephrine (NE), which improve mental, and psychological comfort, especially against depression 

[16]. 

Bananas are a healthy food, as they contain several essential nutrients and provide benefits for digestion, 

heart health, and weight loss. Besides, bananas are also a very convenient snack. A 2017 meta-analysis 

study published by the Prilozi Division of Medical Sciences suggested that unripe green bananas confer 

several health benefits. They can help control gastrointestinal problems such as diarrhea and ulcers and 

lower cholesterol and blood pressure [17]. In addition, some studies have also suggested that the herbal 

substances in green bananas can provide treatment for HIV patients. 

To use plant food sources with many health benefits and contribute to the sustainable development of 

Vietnam's food system, this study is conducted with the following specific research contents: 1) 

Determination of the physical properties of the material; 2) Investigation of structural properties of gluten-

free, butter-free, sugar-free biscuits; 3) Determine the color of biscuits. 

2. MATERIALS AND METHODS 

2.1. Materials 

Beans are purchased at Duc Trong farmers market, Lam Dong, Da Lat. 

Porcelain bananas and pumpkins were purchased at BigC Go Vap supermarket. Bananas used are ripe 

bananas, banana peels appear in many dark spots, and dark yellow to take advantage of overripe banana 

products, which are not sold out at markets and supermarkets. The pumpkin used is a round, undamaged 

squash to utilize both the skin and the flesh. 

Citrus Fiber CF 100M40 (abbreviated CF) is a product made in the US by Asia Shine Light Company. 

Address: 353C Nguyen Trong Tuyen, Ward 1, Tan Binh District, City. HCM. 

Dried salt is a product of Thanh Phat Salt Production-DV-Production Co., Ltd. Address: 638/5 National 

Highway 1A, Binh Hung Hoa B Ward, Binh Tan District, City. HCM. 

Vietcoco Organic Coconut Oil is produced at Luong Quoi Coconut Processing Co., Ltd. Address: Lot A36-

A37, An Hiep Industrial Park, Thuan Dien hamlet, An Hiep commune, Chau Thanh district, Ben Tre 

province. 

Aquafina purified water is a product of Thien An drinking water distribution company. 
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Figure 1. Images of ingredients forlablab bean, pumpkin, and banana (from left to right) 

Getting lablab seed flour, pumpkin, and banana puree 

Pumpkin flour was obtained according to the modified Abdelbaki (1980) procedure [18]: Pumpkin → 

Handling → Sliced (1.6mm) → Drying at 50 oC, for 24 hours → Finely ground → Sift through a sieve 

(300µm) → Pumpkin flour. Pumpkin flour is stored in an airtight container and kept at room temperature. 

The banana puree was obtained according to the procedure of Abdelbaki (1980) modified [18]: Ripe Banana 

→ Peeled → Chopped → Puree → Banana puree. 

Lablab seed flour was collected according to the modified Awolu (2017) process [19]: Lablab beans → 

Classify → Soaking 7 - 8 hours → Cooking at 100 C for 30 minutes → Harvesting beans → Drying at 

500C for 24 hours → Finely ground → Sift through a sieve (300µm) → Lablab seed flour. The collected 

lablab seed flour was stored in an airtight container at room temperature to serve throughout the study. 

 

 

Figure 2. Images of the powder obtained from pure bananas, lablab beans, and pumpkins (from left to right) 

2.2. The formula for mixing powder and sample preparation 

Proceed to mix the flour with the ratios of lablab seed flour: banana puree: pumpkin flour at different levels, 

varying the water content addition with the dough mass moisture target in the formulas (CT) CT1, CT2, 

and CT3 reached 35.69 ± 1%. Due to the investigation of the role of Citrus Fiber CF 100M40, in this study, 

the mixing formula of the control samples did not use CF to compare (see Table 1). 

Preparation of dough and baking: The dough, after shaping by rolling and receiving molds according to the 

thickness of 2mm and diameter of 42mm, rests for 30 minutes and is baked. Set the oven temperature to 

90oC ± 5oC; after reaching the set temperature, put the cake in the oven for 25 minutes, take it out to cool 

and turn the cake over, and brush with coconut oil on both sides to prevent the cake from drying and burning, 

continue put the cake in the oven for another 25 minutes. 
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Table 1. Mixture formula of dough in different survey treatments 

Ingredients 

Dough mixing ratio (lablab seed flour: banana puree: pumpkin flour, %wt) 

1:1:1 2:1:1 3:1:1 

ĐC 1 CT1 ĐC 2 CT2 ĐC 3 CT3 

Lablab seed flour 33.33 33.33 50 50 60 60 

Banana puree 33.33 33.33 25 25 20 20 

Pumpkin flour 33.33 33.33 25 25 20 20 

Salt 0.2 0.2 0.2 0.2 0.2 0.2 

Coconut oil 13.36 13.36 13.36 13.36 13.36 13.36 

CF - 0.25 - 0.25 - 0.25 

Water 2.97 2.97 8.38 8.38 11.63 11.63 

 

Note: Salt, coconut oil, and CF were calculated as % of the total powder 

 

Figure 3. Process for making biscuits Gluten-free and Whole plant-based 

The dough after resting for 1 hour was taken for SEM imaging to check the association of ingredients in 

the mixtures with and without CF. 

  

Water, citrus fiber 

Mixing 1 

 

Laminating and shaping 

Doughing (10 minutes) 

Mixing 2 

 

Baking at 90°C for 50 minutes 

Cooling and packing 

Banana puree, coconut 

oil 

Lablab seed flour, pumpkin flour 

Resting (30 minutes) 

Biscuits products 

Salt 
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Factors affecting the quality of biscuits 

Sugar content: Low sugar the gluten network is well developed due to its elasticity, so the cake shrinks, and 

the cake structure will be very firm. The sugar increases the dough; when shaping the dough, it melts, 

leading to an increase in the diameter of the cake and a decrease in the thickness of the cake after baking; 

it will be hard and have a burnt sugar smell [20]. 

Fat ratio: Fat makes the cake structure porous because the fat in the dough will create a thin film that covers 

and lubricates the dough particles, thereby keeping the amount of air in the dough smooth and uniform. But 

when the amount of fat increases, the percentage of gluten formed is less, so the bread's rise is reduced [20]. 

Water content: Water content also determines the sponginess of the cake. When the amount of water added 

is low, the percentage of gluten produced is insufficient, and starch is not enough water to swell, the cake 

will be dry and cracked. When the amount of water added is high, the cake will be soft [21]. 

Citrus Fiber content: The addition of CF to the dough increases the moisture content and reduces the breadth 

and thickness of the cake [22]. 

Types of raw dough: Different types of dough will have different leavening agents, and the resulting cake 

also has a different structure [23]. 

Kneading method, kneading time: For each type of biscuits, there must be a suitable kneading method and 

time; if kneading for too long, the gluten frame will be broken, and the cake structure will be complicated. 

2.3 Structure determination method 

According to the method of Agrahar-Murugkar et al. (2015) with correction [24]. After baking, the cake 

was taken out to cool in a desiccator for 3 days to measure the structural properties of the finished cake. 

Measure the cake's structure on Brookfield CT3 4500 device, using TA39 Cylinder measuring head 2mm 

in diameter, 20mm in height. The cake has a flower shape of 42mm in diameter and 2mm in thickness. Test 

probe speed is 1mm/s, pre-test speed is 2mm/s, post-test speed is 5mm/s with initial pressure 2N and 

compression 1 time, sample touch length 4mm. 

 

Figure 4. Illustrating images  a) depiction of probe operation; b) graph of the penetration force of the probe 

The sample is placed in the measuring position; when we press the measuring probe to run down and touch 

the sample, the device will automatically measure the sample height and calculate the penetration force 

based on this height, and the probe speed is converted to speed test and sample penetration. After reaching 

the target deform, the transducer returns to the original position. 

 2.4 Method of determining cake color 

According to the method of Sapers et al. (1987) with correction [24]. The CS-10 colourimeter determined 

the color indices of the cake, with the control sample being the premium Coffee Joy biscuits (according to 

the information on the cake packaging made in Indonesia, imported, and packaged. Packaged in Vietnam 

and distributed by Sun Resources Food Co., Ltd., 8th Floor, No. 9 Dinh Tien Hoang, District 1, HCMC). 

The target color of the control cake sample has the following values: L* = 50.52; a* = 9.27; b* = 26.9. 

Measure 5 different positions on the surface of the cake to compare the color difference (expressed in ∆E 

value) of the survey cakes compared to the color of the control cake. Each sample was repeated 3 times. 

The values ∆L*, ∆a*, ∆b*, and ∆E were recognized. 
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2.5 Determination of nutritional components of powdered raw materials 

2.5.1 Humidity 

The moisture content of starting materials: Determined by drying method to constant weight according to 

Vietnamese standards (TCVN 9706: 2013, ISO 711: 1985) with correction. 

Principle of method: Samples, after pretreatment, ground to powder, rapidly weigh the resulting mash into 

a dried petri dish and pre-weigh, together with a lid, to the nearest 0.2 mg. Place the test sample in an oven 

under reduced pressure, at 105°C, until the constant mass is obtained. 

Determined by the formula: Humidity (%) = 
(𝑚1−𝑚2)

𝑚1
  x 100 

m1: mass (g) of the test piece before drying; m2: mass (g) of the test piece after drying. 

2.5.2 Determination of total protein 

Protein content was determined by the Kjeldahl method according to AOAC 950.48. Principle of the 

method: The test portion is decomposed with sulfuric acid in the presence of a catalyst. The reaction product 

is neutralized with alkali, then distilled. The liberated ammonia is collected into the boric acid solution and 

then titrated with the sulfuric acid solution. 

The formula determined the total nitrogen content as % by mass of the sample: 

Total Nitrogen Content (%) =  
(𝑉1−𝑉2)𝑥0.0014

𝑚
× 100  

V1: The volume of 0.1N NaOH solution consumed in the blank titration (ml); 

V2: Volume of 0.1N NaOH solution consumed in a titration of the test sample, in ml; 

m: Mass of the test piece (g); 

0.0014: The number of grams of nitrogen corresponds to 1ml of 0.1N NaOH solution. 

Crude Protein Content: Protein (%) = % Total Nitrogen Content × 6.25. 

2.5.3 Determination of total fat content 

The hydrolysis-Extraction method determined fat content according to AOAC 996.06 carried out to total 

fat collection. Treat 1g of sample with 6ml of 5M HCl solution in a stoppered test tube. Shake the mixture 

vigorously for 10 seconds and heat in a hot water bath (800C, 60 minutes). Shake the test tube every 10 

minutes. After hydrolysis, cool the test tube with water. Add 7ml of diethyl ether and shake the test tube 

for 10 min. Centrifuge at 5000 - 6000 rpm for 5 - 10 minutes, collect the above phase into a clean test tube 

(weigh the test tube before converting the solvent phase). Add 7ml of diethyl ether and repeat the extraction 

two more times. Evaporate the solvent with N2 gas or in a fume hood. Reweigh the test tube and determine 

the fat content using the formula: 

Lipid mass m = m2 – m1; Lipid content (%) = 
𝑚

𝑚0
 x 100 

With m0: the mass (g) of the original sample, m1, and m2: the mass (g) of the test tube, respectively, before 

transferring the solvent to the test tube and after taking it out of the fume hood. 

2.6 Data acquisition and processing methods 

Each experiment was arranged in a randomized design with 3 replications, and the data are presented as 

Mean ± SD. Analysis of variance ANOVA and treatment of differences between treatments by LSD (Least 

Significant Difference) test at the significance level α = 0.05 using Statgraphics Centurion XV.I software. 

Graphing using Microsoft Excel 2016 software. 

3. RESULTS AND DISCUSSION 

3.1 Nutritional composition of the raw materials 

Carry out the determination of the main nutritional components of the raw materials according to the 

methods described in Section 2.5; the results obtained are shown in Table 2. 
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Table 2. Nutritional composition of the raw materials 

 

 

 

 

 

 

 

Mean ± SD representation value of 3 replicates. 

The results show that bean flour has a very high protein content. The obtained pumpkin powder has a fairly 

high total protein and lipid content. Analytical data show that the obtained flours have a much higher 

nutritional value than wheat flour. It is worth noting that Pure banana has a very high moisture content, so 

it is important to pay attention to the additional water content when kneading the dough. Besides, the banana 

puree is quite sweet, dissolved solids content (Brix) 27.97 ± 0.25, pH = 4.65 ± 0.08.  

3.2 Microscopic properties of dough 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Structure of dough samples by SEM at the size of 100 µm 

A- Dough with 1:1:1 ratio - without CF and 0.25% CF (from left to right) 

B- Dough with 2:1:1 ratio - without CF and 0.25% CF (from left to right) 

C- Dough with 3:1:1 ratio - without CF and 0.25% CF (from left to right) 

 

The images above indicate that the presence of citrus fiber modifies the rheological properties of the dough. 

The acidity and electrical charge of the pectin components in citrus fiber may be a contributing factor in 

the formation of the apparent viscosity or gelling properties [25]. Hemicellulose also makes up a significant 

portion of citrus fiber (about 10.06%). Although the chemical composition is different from that of pectin, 

hemicellulose may also contribute to the viscosity and water-holding capacity of citrus fibers. 

Hemicellulose has a high apparent viscosity when it is hydrated and has a high water holding capacity due 

to its branched, amorphous, and non-crystalline structure [6]. In general, Citrus fiber exhibits outstanding 

rheological properties such as stabilizing viscosity, increasing water retention and swelling capacity, and 

fat absorption [26]. Therefore, it is often used as an emulsifier to improve the texture or nutritional 

properties of foods [27]. The presence of a highly water-absorbent substance caused structure strengthening 

in the range of small deformations, while large deformations allowed easier flow. Thus, the rheological 

Ingredients (% wt.) Lablab seed flour Pumpkin flour Banana puree 

Humidity  5.65 ± 0.316 8.333 ± 0.272 66.093 ± 2.284 

Lipid  6.999 ± 0.014 13.06 ± 0.411 3.427 ± 0.055 

Protein 27.393 ± 2.668 12.242 ± 1.746 5.244 ± 1.750 
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properties of the dough were improved, allowing it to be more susceptible to technological processing, 

including mixing, transport, and molding [28]. 

3.3 The color parameters of biscuits 

The color parameters of the cake samples are shown in Table 3. The ∆L* value represents the difference in 

brightness of the cake samples compared with the control sample. Cake with a ratio of 3:1:1 showed light 

color closer to the control sample -2.22a ± 0.376. The other samples had a darker color than the control 

sample, and the highest was the 1:1:1 ratio of -8.757a ± 0.741. This indicates that the presence of pumpkin 

flour and banana puree reduces the brightness of the cake. 

 
Table 3. Average values of color parameters of surveyed cake recipes 

 (Means± SD with different superscripts in the same row are significantly different at P < 0.05 by LSD) 

The ∆a* value represents the difference in the red color of the cake sample compared with the control 

sample. The red intensity of the cake is highest at the ratio of 2:1:1, higher than the control sample 3.663b 

± 0.23.  

The color difference is not high because the primary color of the cake is not inclined to red. The red intensity 

gradually decreased, and at the ratio of 3:1:1, this difference was only 0.547b ± 0.215, compared with the 

control sample, there was not much difference. This shows that reducing the ratio of pumpkin flour and 

banana puree to increasing the percentage of lablab seed flour will not cause a red difference between the 

study sample and the control sample. The ∆b* value represents the yellow color of the cake sample 

compared to the control sample. In the 1:1:1 ratio, the yellow intensity is lower than that of the standard 

sample, while in the two ratios of 2:1:1 and 3:1:1, the yellow color is higher than the control sample (4.340b 

± 1.043 versus 14.073c ± 0.839). This shows that the percentage of lablab sea flour determines the intensity 

of the yellow color of the cake. In the samples with the same flour ratio of 1:1:1 but different in the CF 

ratio, there was no color difference, so it can be concluded that CF does not affect the color of the cake at 

this ratio. It is noteworthy that the difference in color ∆E of the 3 formulations with 0.25% CF addition was 

not significantly different. This result also proves that CF does not produce a color difference even when 

the ratio of the ingredients of lablab sea flour: banana puree: pumpkin flour is changed. However, when 

banana puree and pumpkin flour content was reduced (2:1:1 and 3:1:1, respectively) and CF was not used, 

the color difference became significant. Especially at the 3:1:1 ratio, the color difference between the cakes 

with and without the addition of CF was also significantly different. This difference can be explained by 

the fact that banana puree and pumpkin flour are high in sugar and can also interact with each other and 

with CF to affect the color of the cake. During baking, the reducing sugars in bananas react with amino 

acids, causing the Maillard reaction to darken the color of biscuits [29]. 

3.4 Physical properties of biscuits 

The moisture content (see Table 4) of all cake samples (2.98 – 3.89%) met the requirements of the moisture 

standard of biscuits according to TCVN 5909:1995 (not more than 4%). 
 

 

  

Flour mixing ratio ∆L* ∆a* ∆b* ∆E 

1:1:1 – 0.25% -8.467a ± 0.874 3.317b ± 1.196 4.34b ± 1.043 10.173a ± 0.603 

2:1:1 – 0.25% -8.26a ± 0.311 3.663b ± 0.23 3.097b ± 0.814 9.62a ± 0.341 

3:1:1 – 0.25% -8.4a ± 0.434 2.73b ± 0.416 4.687c ± 0.104 9.833a ± 0.222 

1:1:1 – 0% -8.757a ± 0.741 2.273b ± 0.83 6.033c ± 0.625 11.08a ± 0.044 

2:1:1 – 0% -3.543a ± 0.482 1.46b ± 0.148 12.483c ± 0.204 13.067b ± 0.222 

3:1:1 – 0% -2.22a ± 0.376 0.547b ± 0.215 14.073c ± 0.839 14.263b ± 0.773 
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Table 4. Physical properties of cakes in different mixing recipes 

(Means± SD with different superscripts in the same row are significantly different at P < 0.05 by LSD) 

Proportional recipes increase the amount of lablab seed flour and decrease banana puree with decreasing 

moisture content. In the recipes that mix lablab seed flour, pumpkin flour, and banana puree without CF 

added, the 1:1:1 ratio has the highest moisture content, then the 2:1:1 ratio, and finally the 3:1:1 ratio. This  

is explained by the fact that banana puree has a higher moisture content than the other two ingredients. At 

the same time, the high sugar content significantly affects the cake's ability to retain moisture; the higher 

the percentage of lablab seed flour, the harder the cake structure. 

In 3 recipes mixed with CF, its ability to retain moisture increases the moisture content of the cake. With 

the same amount of CF when combined with a high banana ratio, the 1:1:1 cake samples had a high moisture 

content when compared with the moisture content of the cake at the ratio of 3:1:1 (3.89b ± 0.066% vs with 

2.977a ± 0.091%) corresponding to the percentage of lablab seed flour accounting for 60% reduced to 20% 

banana puree. 

The agricultural flours used in this study contain biopolymers such as protein concentrates, and 

carbohydrates, ... and they will interact complexly with each other. The obtained results showed that the 

gluten-free varieties with the higher the banana puree content, the more porous the cake, and vice versa, the 

higher the lablab flour, the higher the hardness. 

According to the data in Table 4, the moisture content of the formulations added with CF was higher than 

that of the formulations without CF because of the nature of these ingredients, which is less able to hold 

water. At the same time, CF can hold water and oil [4] should improve the cake's texture, taste, and stability. 

In the ratios 1:1:1, 2:1:1, and 3:1:1, there is a gradual decrease in moisture content and an increase in the 

hardness, which shows the influence of the flour ratio in the cake recipe. The 1:1:1 pattern with a higher 

banana ratio results in a softer cake structure, the 3:1:1 pattern with a higher the lablab flour ratio makes 

the cake structure spongier and stiffer, which results in the penetration force of the cake of the 3:1:1 ratio 

being higher than the 1:1:1 ratio. In contrast, the structure of the 2:1:1 cake is reported to be stable. Overall, 

it can be concluded that the ratio of banana puree and the addition of CF are the two main determinants of 

the change in cake moisture content, resulting in a difference in the hardness of the cake. 

The results showed that, although the cake product did not meet the requirements of the control product on 

the market, the 2:1:1 cake sample obtained the results closest to the desired result, meeting the criteria: 

medium hardness, about 2mm thin, characteristic dark color, fine texture. The CF by-product has a high 

water absorption capacity, leading to the bakery products supplemented with CF having a higher moisture 

content than the control cake products (0% CF). The physical values of biscuits were also affected in the 

presence of CF preparations, the diameter and thickness of biscuits tended to decrease with increasing CF 

content added to biscuits [22]. In the Vietnamese market, there are no biscuits that combine lablab seed 

flour, pumpkin flour, and banana puree, creating an expectation of a new vegan nutritional product suitable 

for dieters. 

4. CONCLUSION  

The results showed that the cake recipe with a mixing ratio of 2:1:1 and 0.25% Citrus Fiber had the most 

suitable structural properties. The following research direction is a survey on consumer acceptance of 

gluten-free, sugar-free, and butter-free biscuit products. Currently, there are no similar studies on using 

these ingredients to replace flour for biscuits. The use of locally available ingredients actively contributes 

Flour mixing ratio Humidity Width (mm) Thickness (mm) Spread ratio W/T Hardness (N) 

1:1:1 – 0.25% 3.89b ± 0.066 41.613a ± 0.435 1.803bc ± 0.067 23.098cd ± 0.925 14.423a ± 2.296 

2:1:1 – 0.25% 3.743a ± 0,047 41.267a ± 0.645 1.733b ± 0.08 23.849d ± 1.377 25.39b ± 1.127 

3:1:1 – 0.25% 3.72b ± 0.066 41.05a ± 0.344 1.983de ± 0.023 20.698ab ± 0.101 22.32b ± 2.003 

1:1:1 – 0% 3.223b ± 0.023 41.667a ± 0.2 1.62a ± 0.061 25.745e ± 1.011 12.217a ± 1.061 

2:1:1 – 0% 2.987a ± 0.091 41.553a ± 0.331 1.903cd ± 0.071 21.856bc ± 0.977 21.847b ± 0.131 

3:1:1 – 0% 2.977a ± 0.091 41.023a ± 0.254 2.03e ± 0.035 20.213a ± 0.4 23.753b ± 3.981 
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to building a sustainable food system. This is a breakthrough, opening a new turning point for the bakery 

industry with high nutritional value to serve the needs of consumers who are on a diet, cardiovascular 

disease, diabetes, and especially is for patients with gluten sensitivity (Celiac disease), moreover, Whole 

Food Plant-Based is becoming a healthy food trend in the future. 
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Abstract. Following the way genetics think, the traits and characteristics of all organisms of the previous 

generation are passed on to the next generation through genes. However, in recent decades, with strong 

scientific and technical development, researchers have discovered a prominent genetic "abnormality" in the 

genes of liver and nerve cells. They are not inherited "strictly" like other genomes with mutations depending 

on the environment, food, or lifestyle. From there, a new concept of genetics in science emerges, 

epigenetics. Specifically, DNA methylation and histone protein modification make genes active or 

inactivated, influencing traits including health and disease, including the mechanism of cancer formation. 

This paper aims to describe the concept, give typical examples, systematize some achievements and 

introduce some expectations for future contributions of epigenetics. 

 

Keywords. Epigenetics, behavior, nutritional science, modern medicine, genetics. 

1. INTRODUCTION 

Society Humans have formed and existed for more than 2.5 million years BC. Starting from a primitive 

society and going through significant milestones, such as the two agricultural revolutions (more than 10,000 

BC) and the industrial revolution (mid-18th century) [1]. The human body living in the 21st century is 

crystallization through a long historical process of biological change, natural selection, economy, culture, 

and politics. Eating habits are one of the most basic human behaviors that have appeared since ancient 

times, along with the behavior of fighting for survival and maintaining the species. Food supplies became 

more diversified after the agricultural revolution and more abundant after the industrial revolution. Through 

the development process, eating and drinking no longer plays a major role in the struggle for survival but 

are also closely associated with cultural and historical factors of each nation, called cultural cuisine. In 

addition, given the specific living conditions of individuals. The different groups of individuals in the 

society, more diverse the individualization of food, randomly form different groups of characteristics, 

which are prominent over many generations. Based on this, scientists have studied a particular aspect of 

genetics related to the metabolism of an individual or a separate group of individuals, in which the main 

interest is the influence of food and environment on heredity, called epigenetics. 

In the field of nutrition and health in the emerging post-industrial society, metabolic syndrome is another 

phenomenon attracting the scientific community's attention. This syndrome is a combination of several 

metabolic disorders, including obesity, impaired glucose tolerance, insulin resistance, hypertension, and 

dyslipidemia; it increases the risk of developing chronic diseases such as type 2 diabetes, cardiovascular 

disease, and some types of cancer. The sharp increase in the incidence In the past few decades, metabolic 

diseases have remained unexplained globally, leading to the need for further research and exploration of 

epigenetics. Is it possible that the next generation not only inherits genes from their parents but also inherits 

the mechanisms of gene regulation and adjustment due to the influence of the environment and individual 

lifestyle? In recent years, thanks to scientific progress, many exploratory studies, and evaluations of the 

impact of epigenetics on disease have been carried out [2]. 
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Epigenetics is essentially the study of how behaviors and the environment can cause changes that affect 

how genes work. Epigenetics is not the same as genetic mutation or passed from parent to child. Epigenetics 

can reverse the shutdown process - activate the gene without changing the DNA sequence. The frequency 

of gene activity depends on the body's living environment, lifestyle behavior, or metabolism (see illustration 

in Figure 1) [3]. 

Figure 1: The intimate relationship between epigenetics - environment - genetics - metabolic syndrome [2] 

2. THE RELATIONSHIP BETWEEN GENES, NUTRITION, AND HEALTH 

 In nature, unity and balance are the most common laws of creation. Unity is inherent in space, time, and 

people. Man is a combination of relationships between nature and society. Therefore, the relationship 

between Genes - Nutrition - Health is inevitable in all three aspects of biology, society, and the environment. 

Studying these relationships is essential to assess the impact on many aspects to get a comprehensive view 

of public and individual health. 

2.1. Relationship between genes and epigenetics 

Research in the field of biology has made great strides in recent years. Beginning with the discovery of 

microorganisms in Leeuwenhoek's 1677 letter - "Letter on protozoa", the first detailed description of 

protozoa and bacteria living in a wide range of environments [4], to work sequencing of the base pairs that 

make up the DNA molecule in the human genome by the "Human Genome Project" in 1990 with the head 

of the James D. Watson [5]. The scientific progress mentioned above is the bricks for humankind to step 

up to new heights of knowledge, including epigenetics, which is the inheritance of scientific achievements 

in the past. 

The term "Epigenetics" was first coined in 1939 by the embryologist Scotch and the geneticist Conrad Hal 

Waddington, a long-time controversial. Many research works and articles published in turn by All Frey et 

al. (1964), Riggs (1975), and Holliday and Pugh (1975) on histone acetylation and gene methylation led to 

the identification of molecular mechanisms of action that underlie current epigenetic views, including the 

relationship between epigenetics and diseases, including the mechanism of tumor formation and cancer [6]. 

2.1.1. DNA methylation 

DNA methylation works by adding a methyl group (CH3) into DNA. Methyl is added to specific sites on 

DNA to prevent proteins from binding to DNA to transcribe genes. The methyl group is removed through 

a process called demethylation. Methylation turns genes "off" and demethylation turns genes "on" (see 

illustration in Figure 2) [3, 7]. 
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Figure 2: (A) DNA methylation occurs when a CH3 group is added to the cytosine of a cytosine-guanine base pair. 

(B) The demethylation of CH3 was performed by reducing 5-methyl cytosine to 5-hydroxymethyl cytosine. When 

CpGs are methylated, gene expression is repressed. When CpG is demethylated, the gene becomes active [7]. 

2.1.2. Molecular modification of histone 

Histone proteins tightly surround DNA, so the transcription protein cannot reach the gene and cannot 

transcribe the gene. Acetyl affects gene transcription factors by the action of histone acetyltransferase 

(HAT) and histone deacetylases (HDAC). HAT participates in histone acetylation to help the gene untwist 

and activate transcription (see Figure 3A). HDAC participates in the deacetylation of histones, causing 

kinking of the gene and inhibiting the gene's transcription (see illustration in Figure 3B) [8]. 

 

Figure 3: Acetyl-CoA under the action of HAT and HDAC enzymes affects gene transcription factors [8] 

2.2. Relationship between genes and health 

As mentioned above, DNA methylation and histone changes can cause genes to become active or 

inactivated, affecting traits including health and disease. Cancer is a dangerous disease with a high mortality 

rate and increasing prevalence, becoming a global health concern. 

In Vietnam, according to the Ministry of Health announcing data for 2021, "In Vietnam, the most common 

cancers in men include liver, lung, stomach, colorectal, and prostate cancers. Most common (accounting 

for about 65.8% of all cancers). Among women, common cancers include breast, lung, colorectal, stomach, 

and liver cancers (accounting for about 59.4% of all cancers)" [9]. There are many causes of cancer. Some 

types of cancer are related to some hypomethylated genes such as cytochrome P450 1B1, p-Cadherin, p53, 

BAGE, and Maspin (mammary serine protease inhibitor) genes related to prostate cancer, breast cancer 
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(invasive and non-invasive), lung cancer, ovarian cancer, colorectal cancer, and thyroid cancer. Similarly, 

hypermethylation of tumor suppressor genes involved in cell division, DNA repair, and apoptosis induces 

disturbances in the control of cell proliferation and death, contributing to part tumor growth [6]. 

There have been studies synthesizing statistics on the relationship between the frequency of promoter 

methylation of the tumor suppressor gene CDKN2A associated with cancers which are summarized in 

Table 1 [10]. 

Table 1: Changes in the gene structure CDKN2A for cancer [10] 

 

Type of cancer Change status Frequency (%) 

Stomach Lymphoma Promoter hypermethylation 29.7% (11/37) 

Burkitt's lymphoma Promoter hypermethylation 72.5% (37/51) 

Skin cancer Promoter hypermethylation 50-70% 

Skin melanoma Promoter hypermethylation 25.9% (15/58) 

Mouth cancer Promoter hypermethylation 60% (6/10) 

Pancreatic carcinoma Promoter hypermethylation 24.6% (14/57) 

Stomach cancer Hypermethylation 81.6% (40/49) 

Intestinal cancer Promoter hypermethylation 11.9% (34/285) 

Prostate cancer Promoter hypermethylation 47.6% (10/21) 

 

Figure 4: Relationship between the queen, worker, and male bees with larval nutrition [11] 

2.3. Relationship between genes and nutrition 

2.3.1. Relationship between genes and nutrition in bees 

Is there a link between genes and nutrition? Not only in humans but also animals in nature, typically bees. 

The development from larva to adult is divided into two types: queen bee and worker bee. Queen bees and 

worker bees are essentially female bees, but differences in the larval food source caused the division in 

shape, size, and assignment of tasks in the organization of bees. If the larvae are fed with royal jelly, they 

will develop the queen bee phenotype, and conversely, if the larvae are fed honey mixed with pollen, they 

will develop the worker bee phenotype (see illustration in Figure 4) [11]. 
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The phenotypic variation is essentially due to the methylation of the gene. When a methyl group is added 

to the cytosine of a cytosine-guanine base pair, the cytosine-guanine base-pair methylated gene expression 

is repressed for the worker bee phenotype. In contrast, when the base pair cytosine- guanine demethylated, 

active gene expression for a larger queen phenotype and high Juvenile hormone levels results in more 

developed ovarian organs than worker bees. Phenotypic variation due to habitat (including diverse food),  

but not to genetic mutations, in the two species of worker bees and queen bees is typical for epigenetics 

(see illustration in Figure 5) [12].  

 

Figure 5: Nutrition influences honey bee trait expression [12] 

2.3.2. Relationship between genes and nutrition in humans 

Human eating behavior also alters gene structure through methylation or changes in histone molecular 

structure, as in bees. Eating behavior affects health in two directions, good health or disease, such as obesity, 

diabetes, and especially cancer. Colorectal cancer, directly related to eating behavior, causes more than 

750,000 deaths worldwide. The development of medicine combining chemotherapy regimens and targeted 

therapies significantly improves survival time for patients with metastatic disease. However, the 5-year 

survival rate is still less than 15%. Therefore, the urgent need to develop new therapeutic strategies, 

including epigenetics, is of great interest [13]. 

There has been much evidence that red meat, processed meat, alcoholic beverages, and Abdominal obesity 

is the cause and risk of colon cancer [14]. The cause of colon cancer is due to the methylation of the MLH1 

promoter of the gene, which prevents proteins from binding to DNA to transcribe genes, leading to a state 

of genetic instability (Microsatellite Instability (MSI). At that time, gene regulation disorders easily appear, 

causing proliferation and loss of control in epithelial cells, forming carcinoma (Carcinoma), including colon 

cancer [14, 15]. 

The results of the clinical study were conducted for a group of residents in Ontario (Canada), Seattle (USA), 

and Newfoundland (Canada), with the number of participants including the number of screening cases and 

the number of cases to find out the relationship between MLH1 promoter methylation of the gene and colon 

cancer [15] as Table 2. 
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Table 2: Relationship between MLH1 promoter methylation of the gene and colon cancer in a population of Ontario 

(Canada)[15] 

 Ontario Seattle Newfoundland 

Total number of cases 1998 1220 815 

Number of disease screening cases 1097 629 336 

% male 56 41 55 

Age, Year- Mean (SD) 64.3 (8.6) 60.6 (10.2) 60.2 (8.6) 

Number of cases 901 591 479 

% male 53 40 62 

Age, Year- Mean (SD) 61.6 (9.0) 60.1 (10.2) 62.3 (9.1) 

Methylation status of the MLH1 promoter 569 210 468 

 

Results Table 2 showed that there was a relationship between methylation of the MLH1 promoter gene and 

colon cancer [15]. In addition, chronic inflammation is a risk factor for tumor formation. Studies have 

documented inflammatory signals, including silencing epigenetic genes and gene methylation. Nutrition is 

said to be one of the essential factors related to inflammation after infectious agents, the impact of 

chemicals, and the external environment [16]. 

In his work "The Secret of Water", Masaru Emoto identified the world we live in as an analogy: The macro 

world we know is a symbol, an analogy of the micro-world. The nine planets orbiting the solar system are 

an enlarged version of the electrons moving around the nucleus of an atom, and what is happening in the 

human body is a microcosm of what is happening in macroscopic nature great [17]. Thus, the relationship 

between genes and nutrition in bees and between genes and nutrition in humans is an analogy in the micro-

world to the macro-world, from low evolutionary to advanced levels higher in nature (see Table 3). 

 
Table 3: The world is an analogy 

 

Bees Human 

Queen bee 

food 

Gene 

methylation 

or 

demethylation 

Queen bee 
Homeostasis – 

Good Health 
Gene 

methylation or 

demethylation 

Healthy food 

Food honey 

and pollen 

Worker 

bee 

Homeostasis - 

Illness 

Unhealthy 

food 

3. RELATIONSHIP BETWEEN NUTRITION AND DISEASE 

3.1. Origin of illness 

3.1.1. Balance - the source of all things 

Obesity is a common age-related disease and reduces life expectancy. Recently, there has been evidence 

that obesity causes excess body fat accumulation, increasing the risk of many complex diseases such as 

endothelial dysfunction, oxidative stress, insulin resistance, dyslipidemia, and polyarteritis [6]. Besides, 

obesity is also closely linked with asthma. Following the World Health Organization (WHO) statistics in 

2016, nearly 41 million children under five years old and more than 340 million children and young people 

between the ages of 5 and 19 are overweight or obese. In Europe, the prevalence is 25-70% overweight and 

5-30% obese. To date, researchers have debated whether asthma is the cause of obesity or vice versa, but 

some findings also show the role of childhood asthma in the onset of obesity (see Figure 6) [18, 19]. 
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Figure 6: Mechanism of association between asthma and obesity: Frequent intake of high-fat foods directly induces 

systemic inflammation [18] 

 

According to the Centers for Disease Control and Prevention (CDC), asthma has affected about 6.5 million 

children, accounting for about 9% in the United States and about 334,000,000 people worldwide in 2016. 

The mechanisms underlying childhood obesity-related asthma are multifactorial, including changes in lung 

function, diet, multisystem inflammation, and metabolic disturbances [20]. 

The cause of asthma is not only obesity but also related to an inflammatory response. The inflammatory 

response is also the cause of many other diseases (Table 5). The inflammatory response is typical of the 

NF-kB. signaling pathway [21]. Free radicals stimulate inflammatory signaling through many causes such 

as environmental pollution (air pollution, water sources, heavy metals in soil, ...) and unhealthy lifestyles 

(smoking, eating a lot of meat, etc.). Free radicals damage DNA and are a significant contributor to chronic 

inflammatory diseases, cancer, hormonal diseases, and infectious diseases, including asthma [22, 23]. 

Table 4: Function of cytokines on Th cells [24] 

 

T cells h Function 

Th1 Modulation of cellular immunity by secretion of IL-2 and IFN- 

Th2 Regulation of humoral immunity by secretion of IL-4, IL-5, IL-6, and IL-10 

Th17 Regulation of inflammation by IL-17 secretion 

T reg Anti-inflammatory due to release of IL-10 and TGF-β1 

Inflammatory cytokines are products of the NF-kB signaling pathway. Cytokines are of two types: 

inflammatory cytokines and anti-inflammatory cytokines. Inflammatory cytokines include IFN - γ , IL-2, 

IL-4, IL-5, IL-6, IL 17. Anti-inflammatory cytokines include TGF-β β, and IL-10 as shown in Table 4 ([24] 

and Table 5 [21]. 

Table 5: List of diseases associated with NF-kB activation [21] 

 

List of diseases associated with the NF-kB. signaling pathway 

Diseases associated with 

inflammation 

Rheumatoid Arthritis (RA) 

Osteoarthritis (OA) 

Other rheumatic diseases 

Atherosclerotic coronary disease 

Asthma 

Multiple sclerosis 

Chronic demyelinating polyneuropathy (CIDP.) 

Inflammatory bowel disease 

Systemic inflammatory response syndrome - SIRS 

Infectious diseases AIDS 
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Helicobacter pylori cause gastritis 

Endocrine diseases 
Type II diabetes 

Parathyroid disease syndrome (euthyroid sick syndrome) 

Cancers 

Chest, colon, kidney, liver, lung, prostate,  

ovary 

Acute lymphocytic leukemia 

Acute myeloid leukemia  

Hodgkin's Lymphoma 

Multiple myeloma 

Other diseases 

Chronic heart disease 

Alzheimer 

Cachexia (Cachexia) 

Nerve pain disease 

 

Balance is a common law of nature and creation. The imbalance causes unpredictable consequences, 

including disease in humans. The imbalance of the body's energy needs between energy intake and 

expenditure, together with the accumulation of energy intake, is the leading cause of obesity (see illustration 

in Figure 7) [25]. Obesity causes the accumulation of excess body fat. The accumulation of excess adipose 

tissue occurs pathologically the . The immune system's activation causes low-level chronic inflammation 

known as metabolic inflammation [20]. Metabolic inflammation is a feature of obesity-associated metabolic 

disorders associated with an increased risk of developing type 2 diabetes, nonalcoholic fatty liver disease, 

or cardiovascular disease [26]. At the same time, metabolic disorders also cause an imbalance between 

inflammatory cytokines and anti-inflammatory cytokines, which is the main cause of arthritis [27]. 

In his work "The Secret of Water", Dr. Higa asserted that, in nature, there were both restoring and 

destructive flows. Chemicals that eliminate harmful insects and synthetic fertilizers could bring about 

productive crops, but they also kill good insects and microorganisms that make the soil more fertile.  

 

Chemical substances bring immediate gratification, but the long-term result is the ruin of the soil [17]. 

Humans' relationship with the natural and social environment can be summarized in Figure 7: 

 

Figure 7: In nature, there is a restoring flow and a destructive flow 

Returning to the relationship between nutrition and disease, we need to ask, "Between medicine and food, 

which factor should we prioritize ?". 
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For patients with arthritis, using non-steroidal anti-inflammatory drugs and aspirin can provide immediate 

gratification, but the long-term results can bring unwanted side effects (see Figure 8).   

 

Figure 8: Relationship between Planned Behavioral Psychology and Epigenetics of Fast Food Consumption 

Behavior 

According to Dr. Ray D.Strand, "The basic traditional treatment of both osteoarthritis and rheumatoid 

arthritis is the use of non-steroidal anti-inflammatory drugs (NSAIDs) and aspirin. Each year more than 

100,000 people are hospitalized in the US, and more than 16,000 deaths are caused by gastrointestinal 

bleeding from NSAIDs usage. The reality is that these drugs only relieve pain without attacking the 

underlying cause - oxidative stress" [28]. So, is there a way to reduce the symptoms of disease progression 

without side effects and less pain in the patient? The answer is straightforward "balance", balance in finding 

the key to the harmony between disease treatment with medicine and diet. The higher goal is to improve 

health, the value of happiness, and life quality. The balance in each individual's lifestyle, behavior, and 

nutrition at the micro-level are similar to the balance in social relationships such as friends, colleagues, 

family, etc., at the macro level. 

3.1.2. Your behavior determines your health 

Fast Food and Epigenetics 

Fast food includes burgers, cheese sandwiches, and french fries... is a food group derived mainly from 

grains, processed and refined starches, high in energy, high sugar, many saturated fatty acids, ..., and 

contains a lot of salt, poor nutritional composition, low fiber, and micronutrients. Fat is the most energy-

dense ingredient but also contains the most potential health risks in fast food [29]. 

Peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC1α) is a gene that forms 

mitochondria and participates in beta-oxidation to convert white fat to brown fat, which helps consume 

energy and burn fat. A high-fat diet causes methylation of the promoter of the PGC1α gene, which inhibits 

transcription and mitochondrial formation leading to the formation, proliferation, and accumulation of 

white fat in the body, which increases the risk of overweight, obesity, and insulin resistance [30]. In 

addition, this diet also increases the risk of nonalcoholic fatty liver disease and Parkinson's [31]. 

Psychology of fast food addiction according to the Theory of Planned Behavior  

"Theory of Planned Behavior" is the theory used to predict behavioral intention in some instances. 

According to Ajzen, the author of the theory, behavioral intention is composed of three main parts 

subjective attitude, subjective norm, and the ability to control behavior. Subjective attitudes are personal 

judgments about the degree of liking or disliking a behavior. Subjective norms are formed by the influence 

of relatives (father, mother, grandfather, grandmother, etc.), society (teachers, friends, colleagues, etc.), and 
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our beliefs and values, both social and ethical, to the individual's perception of the intention to perform the 

behavior. Finally, behavioral control is how easy or difficult it is to perform a behavior [32]. 

A study by Mirkarimi et al. (2016) investigated the fast food consumption behavior of 500 high school 

students (250 boys and 250 girls) in the city of Aliabad-e-Katul, northern Iran. The results show that the 

frequency of fast food consumption correlates with behavioral intentions (fast food consumption), and 

subjective indicators (including beliefs and motivations) to comply with standards influence fast food 

consumption. Based on this result, behavioral intention is influenced by cognitive behavioral control ability 

and subjective norms. Moreover, attitude towards fast food (familiarity, nutrition, store atmosphere, taste, 

etc.) did not affect behavioral intention [33]. 

Relationship Fast Food Behavior - Epigenetics and Behavioral Psychology 

From the above survey results, it is shown that the influence of social environment, individual's attitude, 

and ability to control behavior determine the intention to perform eating behavior in the direction of healthy 

or unhealthy, indirectly changing the gene structure leading to disease [3] and and we diagrammed it as 

shown in Figure 8.  

Surveys of bottled soft drinks or Canned foods also show similar results. Besides, The statistical results 

also show that Epigenetics has a close relationship and depends on the living environment, such as fresh air 

or pollution, or dependent on behavior such as eating habits, exercise habits, ... or metabolism in the body. 

3.2. Nutrition to prevent cancer 

As shown, hypermethylation/ hypomethylation in DNA or changes in histone molecular structure can 

change gene expression, which can cause many dangerous diseases, including cancer. In particular, 

methylation of the promoter of tumor suppressor genes increases the risk of cancer, such as the Breast 

cancer type 1 susceptibility protein (BCRA1) gene increases the risk of breast cancer [34]. Preventing and 

stopping the growth of cancer cells by using chemotherapy or taking drugs to kill and inhibit the growth of 

melanoma has been approved by the FDA. Some drugs that are being used to treat cancer, such as 

Tamoxifen and Raloxifene, work to destroy and reverse tumors but have side effects that increase the risk 

of blood clots. If taken for a long time, Tamoxifen can also lead to endometrial cancer in women. With the 

side effects of cancer treatment, natural compounds derived from plants are evaluated by researchers to 

have great potential in treating the disease, with low cost, low risk, low cost, and fewer side effects than 

chemotherapy, drugs, surgery, and radiation [35]. 

The study on the effect of the natural compound Luteolin on the demethylation of promoters on HeLa cells 

by author Sreepoorna Pramodh and colleagues in 2022 has shown a new potential direction. The use of 

these natural compounds in the diet has the effect of reversing and restoring the promoter function of tumor 

suppressor genes. Luteolin was active against HeLa cells at concentrations of 10 and 20 µM, respectively, 

within 48 h and recorded methylation results (%) at the 5' CpG position for the included survey promoter 

(see Table 6) [35]. 

Table 6: Results (%) methylation at the 5' CpG position for the promoter after 48 hrs of Luteolin at concentrations of 

10 and 20M 

 

Promoter gene 

Luteolin concentration 

10 µM 20 µM 

Methylation (%) Methylation (%) 

Adenomatous polyposis coli (APC) 21 5 

Breast cancer type 1 susceptibility protein 

(BRCA1) 
24 17 

Cadherin 1 (CDH1) 36 22 

Cadherin 13 (CDH13) 36 4 

cyclin dependent kinase inhibitor 2A 

(CDKN2A) 
23 6 

Death-associated protein kinase 1(DAPK1) 23 13 

Fragile Histidine Triad Diadenosine 

Triphosphatase (FHIT) 
8 2 

Glutathione S-transferase P 1 (GSTP1) 22 3 
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O-6-methylguanine-DNA methyltransferase 

(MGMT) 
29 5 

DNA mismatch repair protein Mlh1 or MutL 

protein homolog 1 (MLH1) 
23 4 

Phosphatase and tensin homolog (PTEN) 19 4 

Retinoic acid receptor beta (RAR β) 30 5 

Ras association domain-containing protein 1 

(RASSF1) 
28 10 

Suppressor of cytokine signaling 1 (SOCS1) 82 63 

Metalloproteinase inhibitor 3 (TIMP3) 18 5 

Von Hippel-Lindau Tumor Suppressor (VHL) 26 5 

WNT inhibitory factor 1 (WIF1) 63 28 

Tumor Protein P73 (TP73) 79.9 39.5 

According to Table 6, the future use of Luteolin for cancer treatment is a new potential direction. Nature 

has endowed us with a plant source rich in dietary Luteolin compounds (see Table 7). 

Table 7: Luteolin content (mg/100g) in different sources [36] 

 Food Source Luteolin (mg) 

 

 

 

 

 

 

 

 

 

 

 

Vegetables 

 

Radicchio 37.96 

Raw Chinese Celery 34.87 

Dried spices, parsley 19.75 

Dried Parsley 19.75 

Peppermint fresh 11.33 

Raw green peppers 

(hot chili) 
5.11 

Raw pepper Serrano 4.14 

Raw peppers, jalapeno 1.34 

Raw Celery 1.31 

Raw Kohlrabi 1.30 

Raw Parsley 1.24 

Raw Spinach 1.11 

Raw green sweet peppers 0.69 

Raw red sweet peppers 0.63 

Raw Beets 0.37 

Raw Brussels sprouts 0.34 

Raw cauliflower 0.08 

Raw red cabbage 0.06 

Raw lettuce iceberg 0.06 

Raw cabbage Chinese 0.06 

Raw Cabbage 0.04 

 

 

Herbs 

Oregano 1028.75 

Juniper Berries 69.05 

Thyme, fresh 51.00 

Fresh Mexican Oregano 25.10 

 

 

Plants 

Fresh sage 16.70 

Fresh Rosemary 4.00 

Raw Chives 0.15 

Raw Dishcloth Gourd 0.01 

Fruits 
Raw Lemons without peel 1.50 

Raw Sweet potato leaves 0.20 

There is a cross between modern nutritional medicine and the classical nutritional medicine of Hippocrates, 

"Let food be your medicine and medicine your food", as shown in Figure 9. 

Modern nutritional medicine is the crystallization of culture and knowledge, the inheritance of all times. 

The importance of modern nutritional medicine was emphasized at the Schloss Rauischholzhausen 
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conference from 5-8 April 2005. The Giessen Manifesto published at the University of Giessen defines the 

purpose of modern nutritional science as follows: "Nutritional science is defined as the study of food 

systems, food and beverages, their nutrients and their other components; and their interactions within and 

between all biological, social and environmental systems involved. Nutritional science aims to contribute 

to a world in which present and future realize their full human potential, live in the best health conditions, 

and at the same time develop, maintain and enjoy an increasingly diverse living, physical and human 

environment. Nutritional science should be the basis for food and nutrition policies. These things need to 

be designed to identify, conserve and protect community, national and fair, sustainable and equitable global 

environment, to maintain the health, well-being, and integrity of human beings kind as well of the world 

living and natural" [37]. 

It can be said that modern nutritional medicine is a medicine that brings health to people in a comprehensive 

way and simultaneously opens the possibility of harmoniously and thoroughly solving the macro problems 

of human society, such as diseases, drought, climate change, and global food security. 

 

 

Figure 9: Nutritional medicine is the successor of the past - present - future era 

3.3. Healing trends from the perspective of nutrition 

The work "Message of water" by author Masaru Emoto has the following passage: "Everything is nothing 

but atoms, each atom has a nucleus and a shell of electrons revolving around it. The number and shape of 

electrons and their orbitals have created a distinct set of vibrational frequencies in each substance… 

Humans also vibrate, and each individual vibrates at a distinct frequency." [38]. 

"So what is the fundamental difference between individuals and the main factor in choosing the 

preferred solution of food or medicine? "  

The answer is "Frequency". "Frequency" is the fundamental difference between all problems. We can 

explain why the same drug cures the disease in two patients, but one patient has a faster progression of the 

disease and fewer side effects than the other patient. All because of the resonance between the frequencies. 

Food is no exception. Each different type of food will have different frequencies that affect our health. Our 

body combines relationships and natural and social factors that have evolved and perfected over 2.5 million 

years. A long time has helped our body adapt to different foods in nature in the struggle for survival, which 

means that the human body and food have resonated and harmonized with the frequency of the knife to 

form a "bioacoustic entity" complete. The use of drugs to treat diseases unintentionally loses the biological 

rhythm, forming a distorted " harmony ". It can be compared that "food" and "our body" combine to create 

a classical symphony, in harmony with nature for 2.5 million years, and "medicine" is the modern rock 

tune. The use of a combination of classical music and modern rock sounds has the result of disturbing the 
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melody, disrupting the circadian rhythm, and creating the phenomenon of "drug side effects " that we have 

known.  

As mentioned above, an imbalance is the source of all diseases of the human body, especially the imbalance 

between frequencies and rhythms. The body's healing, the essence of balance, resonates with the same 

frequency and harmonizes with the body's biological rhythm to create a symphony at its best. Therefore, 

each individual's food choice, behavior, environment, and appropriate diet differ. The proper awareness of 

a healthy lifestyle will lead to a suitable biological rhythm, harmonious body metabolism, and gene 

structure completion, avoiding disease. The medicine of the future directs humanity to "heal" instead of 

"cure" as it is today. 

4. THE FUTURE OF NUTRITIONAL GENOMICS 

"Epigenetics", the term first appeared in 1939 to present [6], is constantly evolving with the number of 

scientific papers increasing exponentially. According to the NIH PubMed database, between 2010 and 

2013, more than 12,000 articles were published containing the words "epigenetics" or "epigenome". 

Thereby, this topic can be seen - as a new puzzle that is of interest to researchers in many fields. However, 

epigenetics is a new, promising and mysterious area of research. The assessment of the generality and 

consistency of epigenetics affecting nutrition, environment, and health is a significant challenge in the 

future to be solved by nutrigenomics on both micro and macro aspects. The microscopic level includes 

genes, cells, organs, and physiology. Macroscopically, including behavior, population, community, and 

ecosystem, such as Figure 10 [39]. 

 

Figure 10: The external environment interacts with the internal environment to affect fetal development [39] 
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Figure 11: Mechanism of enhancing tumour suppressor gene expression through enhanced demethylation of 

promoter using dietary natural compounds or extracts [40] 

The discovery of the mechanism of action of DNA methylation and histone molecular modification lays 

the groundwork for a future nutritional intervention called epigenetic diets. The development of a new diet 

to alter physiological processes and pathologies such as cancer, aging based on the reversal of DNA 

methylation and histone molecular changes, etc. Regulating these mechanisms through diet and specific 

nutrients can prevent disease and maintain health [40, 41]. The major difficulty and challenge for new diets 

remain limited regarding the influence of nutrients or bioactive food components on the mechanism of 

DNA methylation action, and histone molecular changes are largely unclear. In the future, it is necessary 

to study and understand the role of nutrients or bioactive food components in altering epigenetic patterns 

will make it possible for us to find a better way to maintain and improve health through proper nutrition 

[42]. 

5. CONCLUSION 

Genes and water existed long before intelligent humans (Homo sapiens) existed. Gene and water are the 

foundation for all life on earth, an eternal flow connecting the past - present, and future. The discovery of 

epigenetics has important implications, which can be compared to " Time Machine," which is going back 

in time to the past and traveling to the future. Epigenetics will be the bridge that helps us connect the past 

- present, and future between classical medicine and modern medicine. This discovery will help open up 

potential and practical new therapeutics, directing humanity towards healing both body and mind. 
Epigenetics - a topic that is no longer new but is quietly hot and attractive,  is converging all perspectives 

of modern medical and nutritional science researchers. 
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Abstract. Microorganisms play an important role in the breakdown of organic compounds in nature and 

are the object of enzyme production in the world. In particular, amylase is one of the three commonly used 

groups in the industrial enzymes, and it is always necessary to select high activity microbial amylases that 

can work under extreme conditions. Notably, actinomycetes are the potential targets for industrial amylase 

production. In this study, thermostable amylase from Streptomyces sp. RBXK3 was purified and had a 

molecular weight of about 24 kDa. The optimum condition of starch hydrolysis was at high temperature of 

65C and pH of 9.5 in the presence of 1.0 mM Na+. The enzyme exhibited high thermal stability with about 

90% of the relative activity remained after 30 minutes of incubation at 85°C. Vmax and Km values were also 

determined as 1.38x109 U/mg and 6.05 mg/ml, respectively. The amylase from Streptomyces sp. RBXK3 

showed superior performance in a thermal-alkaline condition unlike the majority of those from other 

actinomycetes and thus could be applied in many different fields. 

 

Keywords. Streptomyces, alkaline amylase, thermostable amylase, purification, biochemical 

characterization. 

1. INTRODUCTION 

Amylases are an important group of enzymes widely applied in many different fields such as the food 

industry, fermentation industries, textiles and papermaking technology, medicine, biotechnology, 

detergent…   [1-3]. Amylase is obtained from various sources such as plants, animals, microorganisms and 

is mainly produced by microorganisms [4, 5]. With the advantages of being able to operate under elevated 

temperature industrial processes, thermostable amylases are being used widely in various industrial fields. 

The increase of temperature in industrial production conditions will limit the contamination of 

microorganisms as well as reduce the viscosity and increase the ability to degrade substrate [3, 6, 7]. 

Therefore, the screening of thermostable amylase production as well as the determination of biochemical 

properties for thermostable enzymes also need to be studied to have a basis for the most effective application 

of enzymes in industries. 

Streptomyces are a group of microorganisms that belong to the actinobacteria family and are involved in 

the production of many different enzymes. They play an important role in the breakdown of organic 

compounds such as cellulase, protease, keratinase, amylase, xylanase, lipase, chitinase, pectinase [4]. With 

ability to operate in extreme conditions such as high temperature, alkaline, acid,… the production of 

enzymes from Streptomyces is of increasing interest [4, 8-10]. Besides, the purification and characterization 

of biochemical properties of amylase from Streptomyces were also determined in many previous studies [8, 

11-13]. 

In this study, a thermostable amylase from Streptomyces sp. RB-XK3 was purified and characterized for its 

biochemical properties as well as enzymatic kinetics. The obtained results will provide more technical 

information of this thermostable enzyme and the basis for its application in specific industrial fields. 

mailto:nguyenngocan.cnsh@iuh.edu.vn
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2. MATERIALS AND METHODS 

2.1. Bacterial strain and culture condition 

Streptomyces sp. RBXK3 strain was isolated from soil and stored at the Microbiological Technology 

Laboratory, Institute of Biotechnology and Food technology, Industrial University of Ho Chi Minh City at 

-70C. Streptomyces sp. RBXK3 was activated in Gause I medium at 37C, 5 days for further experiments. 

2.2. Purification of thermostable amylase of Streptomyces sp. RBXK3 

Based on the previous report [14], this RBXK3 strain was cultured in the amylase biosynthesis environment, 

including Gause II medium added with 1% starch and 0.5% NH4NO3, pH 8.0. The raw protein solution was 

obtained by centrifuging at 6000 rpm at 4°C for 15 minutes to remove cells. (NH4)2SO4 70% solution was 

added to the supernatant for precipitating total proteins. The precipitated protein was collected by 

centrifuging at 13000 rpm at 4°C for 15 minutes as soon as it dissolved in buffer A (glycerol 10%; Tris-

HCl 50 mM pH 7,0; 2-mercaptoethanol 2%). The dissolved protein was applied to the dialysis process with 

the 3 kDa cut-off membrane to remove salt in the solution at 4°C overnight.   

The dialyzed protein solution was treated at 90°C for 15 minutes. A great amount of protein was 

deconstructed and went to coagulation. The supernatant was carefully collected after centrifuging at 13000 

rpm at 4°C for 15 minutes. The protein left was further purified by ion exchange chromatography using a 

5 ml HiTrapTM Q HP column (GE Healthcare). As an equilibrium solution, buffer A (Tris-HCl 50 mM pH 

7.0, glycerol 10%, 2-mercaptoethanol 2%) had been used. The eluted buffers were Tris-HCl 50 mM pH 

7.0, glycerol 10%, 2-mercaptoethanol 2%, and NaCl 1.0 M. The FPLC system was kept at a 2 mL/min flow 

rate. 2 mL of eluted solution for each fraction was collected. All fractions of the purification result were 

displayed on SDS-PAGE. 

2.3. Determination of amylase activity with Bernfeld assay 

The amylase activity was performed following the Bernfeld method. This activity was determined based 

on the released reducing sugar after stopping the enzyme and 1% starch interaction. Reducing sugars can 

lower many of the reagents. One such reagent is 3,5-dinitrosalicylic acid (DNS). 3,5-DNS in alkaline 

solution is reduced to 3-amino-5-nitro salicylic acid. This reaction was performed by enzyme solution and 

1% starch. 1 mL of DNS reagent had been added to all the test tubes and mixed for 10 minutes in phosphate 

buffer pH 7.0. The absorbance at 540 nm against the blank was obtained [15]. All the tubes must be cooled 

to room temperature before reading, since the absorbance is sensitive to temperature. Amylase activity unit 

(U) was determined by the amount of enzyme needed to release 1 micromole of the reducing sugar at 37°C 

in 1 minute.  

2.4. Biochemical properties of amylase of Streptomyces sp. RBXK3 

The biochemical properties of amylase from Streptomyces sp. RBXK3 were examined under different 

reaction conditions in temperature (25–80°C), pH value (3.0–12.0), the effect of metal ions on enzyme 

activity, and the thermal stability of enzymes in different temperatures (25–85°C) for 30 minutes. The 

enzyme reactions were carried out in 10 minutes. The results of the appropriate reaction conditions had 

been selected for further experiments. Enzyme activity was determined by Bernfeld method.  

To study the effect of temperature on enzyme activity, the reactions were brewed under different 

temperature conditions, and then enzyme activity was tested. Different buffers were prepared to conduct 

the role of pH on enzyme activity (citrate buffer pH 3.0–6.0, phosphate buffer pH 6.0–8.0, Tris-HCl buffer 

pH 8.0–10.0, NaOH pH 10.0–12.0). The reaction was carried out at 37°C.  

Thermophilic enzymes work well at high temperatures. The relationship between thermal stability and 

catalysis is different from each of them. The enzyme was incubated at different temperatures (25–85°C) for 

30 minutes before performing a reaction under the normal reaction conditions. The activity was compared 

to that of the same enzyme which was stored at 4°C.  

Metal ions have both positive and negative effects on enzyme activity. The reaction, which contained 5mM 

of various metal ions (Fe3+, Mg2+, Ca2+, Mn2+, Zn2+, Cu2+, Fe2+, K+, Na+), was used as the testing medium, 

and 10 mM of EDTA was added to the end of the reaction to trap the contaminated metal ions in the reaction. 

The purified enzyme was used as a control test. The reactions were carried out under the previously chosen 

temperature and pH conditions. Enzyme activity is determined by Bernfeld method. 
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2.5. Enzyme kinetics 

Enzyme kinetics was determined via Km and Vmax values using the Michaelis-Menten equation to show the 

affinity between enzyme and substrate as well as the catalytic ability. The enzyme reaction was carried out 

with a variation of starch in the range of 0–20 mg/mL with a 0.0015 g/mL enzyme solution for 10 minutes 

at a known temperature and pH. Enzyme activity is determined by Bernfeld method. 

2.6. Statistics and data visualization 

The triplication was applied to all experiments. Data sets were processed on Microsoft Excel and statistics 

were estimated using Statgraphics Centurion 18 (Statgraphics Technologies, Inc., The Plains, Virginia). 

The enzyme kinetics parameters were calculated with Prism 8.0.2 (GraphPad Software Inc., San Diego, 

California, USA). 

3. RESULTS AND DISCUSSION 

3.1. Purification of extracellular amylase from Streptomyces sp. RBXK3 

In order to obtain the more pure amylase fraction, Streptomyces sp. RBXK3 was grown in suitable medium 

in 96 hours at 30℃. Cell-free supernatant was obtained by cold centrifugation and the protein fraction 

containing extracellular amylase was recovered by ammonium sulfate precipitation followed by ion-

exchange chromatography. Protein fractions from these steps had been subsequently analyzed by SDS-

PAGE and the results were shown in Figure 1.  

 

Figure 1: SDS-PAGE analysis of purified RBXK3 crude enzyme extract. (A) culture supernatant,  (B) Crude protein 

after ammonium sulfate precipitation, (C) pure protein fraction after ion exchange chromatography, M protein 

standards. 

After purification, the crude enzyme fraction of Streptomyces sp. RBXK3 was proven to be pure with one 

single band of approximately 24 kDa (Figure 1C). This fraction was subjected to enzymatic reaction (indeed 

displayed high amylase activity; data not shown), and it was also be used for following characterization 

experiments. To our knowledge, while the average molecular weight of Streptomyces amylases is around 

45–55 kDa [11, 12, 16], this is the first reported amylase fraction of ~24 kDa in Streptomyces and together 

with a detergent-stable alkaline alpha-amylase from Bacillus subtilis AS-S01a (~21 kDa) and a 

thermophilic alpha-amylase from Bacillus licheniformis CUMC305 (~28 kDa) are one of the smallest 

bacterial amylases [17-20]. 

3.2. Effect of temperature and pH on Streptomyces sp. RBXK3 amylase activity 

Temperature and pH have crucial effect on enzyme structures and functions. Effect of temperature on 

Streptomyces sp. RBXK3 amylase activity was firstly studied in reactions containing 50 mM phosphate 

buffer pH 7.0 at different temperature from 25–80°C and the results were shown in Figure 2A. Amylase 

activity was found to be relatively increased at high temperature, especially from 40°C, reaching the 
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statistically significant highest activity at 65°C (1.46x107±3.36x105 U/mg), and relatively reduced at 70–

80°C. Despite the fact that enzymatic activity was reduced at 80°C (9.14x106±5.46x105 U/mg), this value 

remained to be as high as those at 30–35°C (9.03x106-8.75x106). The optimum activity at 65°C led us to 

conclude that Streptomyces sp. RBXK3 amylase is thermophilic. Besides, this optimum range was also 

reported for amylases from only a few other strains such as Streptomyces sp. E-2248 (50–60°C) [21], S. 

rochei HMM (65°C) [8], Streptomyces sp. TO1 (70°C) [22]. 

 
 

Figure 2: Effect of temperature (A), buffer and pH (B) on enzyme. 

 

Optimum temperature was subsequently used to study the effect of buffer and pH on Streptomyces sp. 

RBXK3 amylase activity. The reaction was conducted in different buffers with corresponding pH values 

including citrate buffer (pH 3.0–6.0), phosphate buffer (6.0–8.0), Tris-HCl buffer (pH 8.0–9.5) and NaOH 

1N for (pH 9.0–11.5). The results in Figure 2B showed that the enzyme had no activity in citrate buffer at 

pH 3.0–4.0 and very little activity in phosphate buffer pH 6.0. The activity was recorded to be moderate in 

citrate buffer pH 5.0–6.0, phosphate buffer pH 7.0–8.0; especially immense in Tris-HCl buffer, NaOH; and 

significantly highest in Tris-HCl pH 9.5 (2.26x107±4.46x105 U/mg). This optimum pH led us to conclude 

that Streptomyces sp. RBXK3 amylase is alkaliphilic and this optimum range was also reported for 

amylases from a few other strains such as S. gulbargensis DAS 131 (pH 9.0), Streptomyces sp. BTSS 1001 

(pH 9.5). However, the optimum temperatures for these enzyme were relatively lower than RBXK3 amylase 

with only 45–50°C [12, 23]. It is also worth noting that all the three thermophilic Streptomyces amylases 

mentioned above are not alkaliphilic as their optimum pH was close the neutral point (pH 6.0) [8, 21, 22]. 

This once again showed the superior property of the amylase from Streptomyces sp. RBXK3.  

3.3. Effect of temperature on Streptomyces sp. RBXK3 amylase stability 

Besides the influence of temperature and pH on enzyme activity, the thermal stability of enzymes under 

different temperature conditions also needed to be determined to provide a basis for preservation as well as 

practical applications. Amylase from Streptomyces sp. RBXK3 was incubated at different temperature (25–

85°C) in 30 minutes before being subjected to enzymatic reaction at determined optimum conditions 65°C, 

pH 9.5. Relative activity was calculated in comparison with the control (enzyme stored at 4°C without any 

treatment, 100% activity) and the results were shown in Figure 3.  

 

Figure 3: Thermostability of amylase from Streptomyces sp. RBXK3 
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Since the RBXK3 amylase is a thermophilic enzyme, the results clealy showed that its enzymatic activity 

was significantly increased up to 130–132% in comparison to the control at high temperature peak at 55–

65°C. At, lower range (30–50°C) and higher range (70–75°C), the activity remained high with about 120% 

compared to the control. In addition, at 85°C, the enzyme was able to retain 90% of its activity and this 

stability property was also reported for amylases from Streptomyces sp. E-2248 (100% activity after 30 

minutes at 50°C) [21],  Streptomyces sp. TO1 (99% activity remained after 30 minutes at 70°C) [22], S. 

fragilis DA7-7 (90% activity remained after 1 hour at 70°C) [16]. Therefore, the obtained results suggested 

that RBXK3 amylase is stable at high temperature, which could be promissing candidate for several 

practical applications. 

3.4. Effect of metal ions on amylase activity of Streptomyces sp. RBXK3   

Metal ions play an important role in enzyme activity, being cofactors that promote enzyme catalytic activity. 

The determination of the appropriate cofactor for the enzyme activity will be the basis for establishing the 

best working enzyme reaction conditions. In this experiment, the amylase of Streptomyces sp. RBXK3 was 

tested in the reaction containing various metal ion compositions. The control reaction was performed 

without the addition of metal ions, however, after the purification process by ion chromatography, the 

enzyme fraction contained ~1mM NaCl. In order to chelate all remained ions in the reaction, EDTA was 

added to the reaction at a final concentration of 10 mM. Metal ions were added to the reaction with a final 

concentration of 5mM and the obtained results were displayed in Figure 4. 

 

Figure 4: Effect of different metal ions on Streptomyces sp. RBXK3 amylase 

 

The amylase of Streptomyces sp. RBXK3 showed the highest catalytic activity of 3.02x108 U/mg in the 

control reaction which possessed the presence of ~1 mM Na+ in the reaction. In the reactions without the 

presence of metal ions that were chelated by EDTA, amylase activity was lower than that in the reaction 

containing 5 mM Na+, K+, Ca2+, Mg2+, Zn2+ ions. Enzyme activity was not observed in condition of the 

presence of Mn2+ and Fe2+ ions in the reaction. The achieved results are similar with the reported amylase 

activity from Streptomyces sp. Al-Dhabi-46, S. gulbargensis [11, 12]. Increasing the concentration of Na+ 

ions to 5mM reduced the enzyme activity (1.71x108U/mg). The decrease in enzyme activity when the 

reaction contained high concentration of metal ions was also observed in the study of amylase from Bacillus 

licheniformis AI20 [24]. 

3.5. Enzyme kinetics 

The catalytic activity of the enzyme was tested by determining enzyme kinetics parameters. The substrate 

binding affinity and substrate degradation were determined according to the Michaelis-Menten equation. 

The results are shown in Figure 5. 
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Figure 5: Extracellular amylase activity from Streptomyces sp. RBXK3 in various substrate concentrations 

 

In conditions of substrate concentration increases (0–20 mg/ml), enzyme catalysis gradually increased, and 

Vmax and Km values were determined in which Vmax and Km values were 1.38 x 109 U/mg and 6.05 mg/ml, 

respectively. The Vmax value of amylase from RBXK3 strain is higher than most amylases obtained from 

Actinomycete strains that have been studied previously such as amylases from S. fragilis strain DA7-7 

(0.624 mU/mg), S. gulbargensis (1341U/mg) [12, 16]. The Km value which represents the substrate binding 

affinity of extracellular amylase from Streptomyces sp. RBXK3 is similar to amylases of Streptomyces 

strains previously reported such as S. gulbargensis (Km = 5.0 mg/ml), S. rochei HMM 13 (Km = 6.58 mg/ml) 

and S. megasporus SD12 [8, 25, 26]. 

4. CONCLUSION 

Extracellular amylase from Streptomyces sp. RBXK3 was purified and shown the molecular weight in the 

range of 24 kDa. With the molecular weight of the enzyme lower than most of the amylases studied 

previously, this suggests that amylase from Streptomyces sp. RBXK3 is a novel putative amylase from 

microbe. The results of enzyme biochemical characterization had revealed this enzyme capability of 

degrading substrates under conditions of high temperature (65°C) and high pH (pH 9.5). This demonstrates 

it can be applied in elevated industrial processes, especially in the refined syrups and bakery or detergent 

industries. In addition, further studies on enzyme activity and enzyme structure are needed to understand 

how the enzyme works in extreme conditions as well as determine its capacity in real manufacturing 

applications. 
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Abstract. A novel mesoporous boehmite/melamine (Boeh/Me) spherical composite was successfully 

prepared by a spray drying system from a mixture of boehmite sol and melamine. The presence of melamine 

species in the obtained Boeh/Me composite spheres was confirmed by EDX-SEM, FTIR, and TGA analysis. 

Compared to the pristine Boehmite sample, the porosity of the composites gradually decreased when 

increasing the melamine amount, but the CO2 uptake amounts over the composites were still improved. The 

highest CO2 adsorption capacity (19.2 cm3 g1) was obtained when 5 mol% of melamine was added into 

the boehmite (Boeh/Me#5), which was 46.1% higher than that of the original boehmite sample at 25 C and 

1 bar. This is attributed to the formation of adsorptive affinity between N-derived functional groups (-NH2 

and -CN) inside the melamine structure and the CO2. As a result, the CO2/N2 separation factor and CO2/N2 

selectivity using the ideal adsorbed solution theory (IAST) on the Boeh/Me#5 sample were 113.3 and 3182, 

respectively, approximately 3-times and 9.2-times higher than those on the boehmite sample. The results 

suggest that continuous spray drying is a potential approach for scale-up production of mesoporous 

Boeh/Me composite spheres as CO2-selective adsorbents. 
 

Keywords. Boehmite/melamine spherical composite, continuous spray drying, CO2/N2 IAST selectivity, 

enhanced CO2 adsorption performance. 

1. INTRODUCTION 

The growing population and demand for consuming energy have put human health and ecosystems at risk, 

and one of the major reasons is increasing CO2 emissions into the atmosphere leading to climate change 

and global warming. To date, CO2 emissions are primarily caused by anthropogenic activities such as the 

combustion process and industrial production [1, 2]. Thus, minimizing CO2 emissions is a critical strategy 

for contributing to promoting sustainable development. Removal of CO2 out of the exhausted gas stream 

using a means of separation such as cryogenic condensation/distillation, absorption, adsorption, and 

membrane have been investigated. Among them, adsorption is perceived as an effective method with simple 

operation, low cost, and high efficiency, particularly for low concentration gas mixtures [2, 3]. For 

adsorption, the adsorbent plays an important role like the heart of a gas adsorption system, in which the 

effectiveness of gas separation is significantly influenced by the characteristic adsorbent. It is reported that 

developing adsorbents with high porosity, and/or a large number of adsorption sites having a vigorous 

affinity toward objective gases is necessary to improve CO2 selective adsorption [4-8]. Along with this, 

low-cost adsorbents, which are abundant in raw materials and easy to produce on a large scale, are required 

to minimize operating costs and have high potential in industrial-scale application. Up until now, various 

types of adsorbents, including metal-organic frameworks (MOFs), porous polymers, activated carbons, 

zeolites, and metal oxides, have been investigated for this purpose. Unluckily, there are no adsorbents that 

completely satisfy all of the aforementioned criteria, showing that the improvement of one property usually 

trade-offs the others. 

Boehmite is the most crucial precursor for producing different types of aluminum oxide through heat 

treatment. Boehmite is extensively used as an adsorbent, supported catalyst, filler in the membrane, and 



International Symposium for Green Solutions (ISGS 2022) 

254  ©2022 Industrial University of Ho Chi Minh City                                                                                

reinforced material in composite synthesis, much like transition aluminas, because it is safe, simple, and 

easily accessible, having a high specific surface area, surface acidic-basic properties, and thermal and 

mechanical stability [9-11]. Depending on the nature of fabricating process, the resulting boehmite 

possesses various shapes, surface morphologies, and physicochemical properties. Traditionally, the 

boehmite has been produced by several following routes: (i) mineral gibbsite thermally decomposes in its 

solid-state, (ii) precipitation in an aqueous solution from neutralized and aged aluminum salt solutions under 

hydrothermal conditions, and (iii) a sol-gel procedure derived from aluminum alkoxides that involve 

hydrolysis and condensation steps under soft conditions, followed by a peptization stage [11-14]. Compared 

to the others, the sol-gel-derived route requires a higher cost in preparing material, however, the obtained 

material has higher purity, greater uniformity, and highly organized structure while operating at a low 

temperature and with high productivity [13, 15, 16]. Additionally, it is often accompanied by a spray drying 

technology to transform the matter in the liquid phase into dried powder after undergoing rapid evaporation 

under a hot gas. The microparticle size distribution is somewhat narrow. This technology is widely used in 

a wide range of industries, from simple to large-scale production, that may operate on continuous 

production [17-19]. 

Considering the characteristic structure of boehmite, which is known as a stable orthorhombic structure, in 

which a central Al atom is surrounded by double layers of oxygen octahedrons. The unsaturated oxygen in 

the network is linked to the H atom to form a large number of hydroxyl groups that cover the surface [12, 

20]. However, the boehmite exhibits a poor CO2 adsorption capacity because its porous structure occupies 

a major ratio of mesopore in comparison to micropore, resulting in low interactive adsorption between 

boehmite and CO2 [3, 21]. Undoubtedly, new active sites with a strong affinity for CO2 adsorbate should 

be developed on the surface of the boehmite to improve effective CO2 capture. This can be easily conducted 

thanks to the abundant hydroxyl groups providing anchoring sites that can be easily incorporated into 

functional groups via H-bonding, especially for base-functional groups due to CO2 as a Lewis acid [12, 22, 

23]. 

In this study, modified-boehmite adsorbents with a high concentration of N-derived functional groups from 

melamine molecules were successfully prepared using a combination of the sol-gel and spray drying 

methods. Hereby, the new adsorption sites originating from N-derived groups of -NH2 and -CN contribute 

to improving CO2 adsorption capacity despite decreased porosity on the resulting material. Several 

techniques, including powder X-ray diffraction (PXRD), energy dispersive X-ray/scanning electron 

microscopy (EDX-SEM), Fourier transform infrared spectroscopy (FT-IR), thermogravimetric analysis 

(TGA), and nitrogen porosimetry are used to characterize the effect of melamine concentrations on the 

shape, morphology, and physical-chemical properties of the resulting material. Then, the 

adsorptiondesorption isotherms of CO2 and N2 were analyzed at various temperatures to evaluate the CO2 

separation performance of the materials. 

2. EXPERIMENT 

2.1. Materials 

Aluminium isopropoxide (hereafter ALISP, 98%), and melamine (C3H6N6, 99%) were purchased from 

Sigma-Aldrich. Nitric acid (HNO3, 60%) was obtained from Daejung Chemical, Korea. The purified water 

(18.2 Mcm) was produced by an Aqua Max ultra 360 (Young-Lin, Korea). All the chemicals were used 

without further purification. 
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Scheme 1: Preparation of microporous Boeh/Me sphere by the combination of sol-gel and spray drying methods. 

2.2. Synthesis of Boehmite/Melamine spherical composites 

The spherical boehmite/melamine (Boeh/Me) composite was fabricated using a combination of the sol-gel 

and spray drying methods (Scheme 1). Firstly, a highly stable boehmite sol of 0.2 M was prepared according 

to the Yoldas’s procedure with some modifications [13, 24]. Briefly, a desired amount of ALISP was 

hydrolyzed in 750 mL purified water at 90C under stirring for 6 h. Then, the nitric acid (1 M) as a peptizing 

agent was added into the aforementioned slurry until the ratio of H+/Al3+ achieving 0.07 in mole to convert 

the AlOOH precipitates into the colloidal solution. This process was conducted at 90C overnight under a 

reflux system. The resulting sol was obtained after exposing the colloid to the air at 90C for 2 h to release 

the alcohol remnant. Secondly, a calculated amount of melamine powder was dissolved into 200 mL of the 

boehmite sol under stirring until obtaining uniform sol. The sol was continuously stirred for 12 h at room 

temperature to establish the H-bonding between melamine molecules and boehmite species via the -NH2, 

-CN, and -OH groups. Finally, the obtained sol was introduced into a spray drying system (EYELA, SD-

1000) to produce the spherical Boeh/Me composites. The sol was sprayed into the glass chamber via a 

nozzle of 0.5 mm of diameter by a pump system with flowrate of 0.4 m3 h1. The sol droplets were dried 

in the chamber by the hot air at 175C and 0.25 m3 min1. The spherical composites were collected at the 

bottom of cyclone system and denoted as Boeh/Me#x, where x represents the mole percentage of melamine 

in the sol mixture (x = 2.5, 5.0, 7.5, and 10.0). 

2.3. Characterizations 

Powder X-ray diff raction (PXRD) patterns were collected at room temperature at a scanning speed of 6° 

min−1 from 5° to 70° (2q) using XRD (MAC-18XHF, Rigaku, Japan) equipped with a Cu-K radiation 

source. The FT-IR profiles of the products were recorded on Tensor 27 (Bruker, Germany) by the attenuated 

total reflectance method in a range of 650–4000 cm-1. The morphology and element distribution of the 

composites were analyzed by field emission SEM (Leo-Supra 55, Carl Zeiss STM, Germany). TGA (Q50, 

New Castle, USA) was used to determine the thermal stability and defected framework of MOFs at a 

temperature range from 30C to 700C and a ramp rate of 5 K min1 under a N2 stream. The nitrogen 

adsorptiondesorption isotherms of MOFs was analyzed at 77 K using BELSORP-max (BEL, Japan). 

Before the analysis, the adsorbents were degassed at 120C for 6 h under a vacuum environment. The 

specific surface areas and pore size distributions were obtained using the standard Brunauer–Emmett–Teller 

(BET) model and HK model, respectively. 
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2.4. CO2 and N2 adsorption 

CO2 and N2 adsorption isotherms were collected at the pressure range from 0 to 100 kPa using an adsorption 

apparatus (BELSORP-mini II, Bel, Japan) equipped with a system of jacketed heat exchanger, which was 

connected to a heating bath circulator to control the adsorption temperature. Typically, approximately 200 

mg of the adsorbent was degassed first under vacuum at 393 K for 6 h. After that, the adsorbent was 

naturally cooled to room temperature before measuring CO2 and N2 gas adsorption. 

2.5. The ideal adsorbed solution theory (IAST) selectivity 

The ideal adsorbed solution theory (IAST) was known as an efficient method for predicting the adsorption 

selectivity of a multi-component mixture, as well as estimating the adsorbent's gas separation performance. 

First, the LangmuirFreundlich (LF) model is employed to fit the experimental adsorption data of a single 

component at a given temperature. The L-F model is described as the following equation [25, 26]: 

q =  qsat
𝛼pn

1+αpn      (1) 

where q (cm3 g−1) is the uptake amount; qsat (cm3 g−1) is the saturation uptake capacity on the sites; p (kPa) 

is the pressure of bulk gas at equilibrium with the adsorbed phase;  (kPa1) is the affinity coefficient of the 

sites; n is the coefficient of the LF model. 

Then, the CO2/N2 selectivity was calculated by combining the LF model with the IAST theory, following 

the formula below [27, 28]: 

 SCO2/N2
=  

qCO2
pCO2

⁄
qN2

pN2
⁄

    (2) 

where qCO2 and qN2 are loading amounts of CO2 and N2 in cm3 g−1 estimated by IAST, respectively. 

pCO2 and pN2 are the partial pressure of CO2 and N2 in kPa, respectively. 

3. RESULTS AND DISCUSSION 

3.1. Material characterizations  

Fig. 1 showed the XRD pattern of the as-prepared sample from alumina sol by spray drying method, which 

disclosed characteristic peaks of boehmite phase [3, 10] (JCPDS card No. 00-021-1307). This implied that 

the boehmite sample was successfully fabricated. It is worthy to note that the XRD profile of all modified-

boehmite samples was in good agreement to that of the pristine sample, simultaneously there was no 

characteristic peaks of melamine species detected on these XRD patterns, suggesting that the presence of 

melamine species had insignificant effect on crystal structure of pristine boehmite material. This could be 

assigned to either consumed small melamine dose or uniform dispersion of melamine species in whole 

boehmite system. 
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Figure 1: XRD patterns of the Boehmite and modified-melamine boehmite samples. 

 

Fig. 2 exhibited the spherical particles with diameters ranging from 1 to 5 mm that were fabricated using a 

spray dryer for both the original boehmite and modified-boehmite samples. Despite having no effect on the 

morphology of the as-prepared materials, the introduction of melamine into the boehmite system is 

responsible for the appearance of some tiny pieces of polyhedron on the material's surface when increasing 

the melamine content up to 10% mole, as a result of excessive melamine in the starting material. 

Nonetheless, as shown in Fig. 3, the melamine dispersion overall boehmite matrix is quite uniform, 

demonstrating homogeneous element distribution on the Boeh/Mela#5’s surface using a means of EDX 

mapping. 

 

 
 

Figure 2: SEM images of the as-prepared materials. 
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Figure 3: EDX mappings of elemental N, Al, C, and O on Boeh/Me#5 sample. 
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Fig. 4. FT-IR profiles of the as-prepared materials. 

 

Fig. 4 shows the FT-IR profiles of the as-prepared samples and melamine as a counterpart to compare. It 

could be found that the melamine’s FTIR spectrum revealed the characteristic peaks because of strong 

absorption at wavenumbers of 3470, 3419, 3321, and 3122 cm1 assigned to vibration of N-H bonding 

belonging to the -NH2 group; while the stretching triazine ring was found at bands of 1645, 1522, and 816 

cm1 [29, 30]. Additionally, a characteristic stretch of C-N bonding between C of the triazine ring and -NH2 

group in melamine structure is observed at a wavenumber of 1022 cm1 [31]. Similarly, the FTIR profile of 

the pristine boehmite sample displayed typical vibrations which are consistent with previous reports in 

which the band at 1070 cm1 and region of 3000 – 3300 cm1 were ascribed to vibrations of the AlO and 

O-H bond, respectively [10]. In comparison to the original boehmite sample, the FTIR spectra of Boeh/Me 

spherical composites disclosed the novel peaks representing for melamine species that could be facilely 

detected at the wavenumber of 980 cm1 and 3400 cm1 for the minor vibrations, and region of 1500 – 1600 
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cm1 and 1675 cm1 for the major bending. Notably, these peaks were observed with gradual increments in 

signal intensity when increasing melamine concentration from 2.5% to 10% in starting material, 

respectively. These findings indicate that the melamine species has been successfully integrated into the 

boehmite system. 
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Figure 5: TGA curves of the as-prepared materials. 

 

Fig. 5 shows TGA profiles of melamine, pure boehmite, and Boeh/Me#5 composites, indicating their 

thermal decomposition behaviors during heat treatment. The pristine boehmite sample shows significant 

weight loss in two stages which is like previous reports. At the beginning stage, a weight loss of around 6% 

is assigned to the elimination of a quantity of moisture physically linked in the materials when heating from 

ambient temperature to 370 K. Then, in the region of 600–800 K, a significant weight loss occurs due to a 

dehydroxylation reaction in which molecular waters are released from boehmite to form aluminum oxide 

[10, 32]. For the Boeh/Me#5.0 spherical composites, the heat degradation process is like that of boehmite 

sample, with the exception of a minor weight loss at 540 K, as demonstrated by the derivative weight curves 

(Fig. 5). This process is particularly consistent with the decomposition of melamine, confirming the 

presence of melamine species in the resulting composite material. 

 
Table 1: Textural properties of the UiO-66 and modified UiO-66 samples depending on PABA concentration. 

 

Materials BET surface area (m2 g1) Total pore volume  (cm3 

g1)  

Boehmite 263.6 0.141 

Boeh/Me#2.5 233.8 0.116 

Boeh/Me#5 143.5 0.087 

Boeh/Me#7.5 65.4 0.054 

Boeh/Me#10 16.6 0.033 

 

Fig. 6(a) displays the N2 adsorption/desorption isotherms of the pristine and melamine-modified boehmite 

samples. According to the IUPAC classification, all of the samples' profiles have type IV characteristic 

curves with a type H1 hysteresis loop between the adsorption and desorption isotherms, indicating that the 

materials have a mesoporous structure. Indeed, the pore size distribution, inferred from the desorption curve 

using the BJH model, demonstrates the mesoporous structure of materials. As shown in Fig. 6(b), all the 

curves have a main peak located at the region of 3.5–3.9 nm, which falls within the scope of mesoporous 

material in the range of 250 nm. The textural properties of as-prepared samples are disclosed in Table 1, 

in which the pristine boehmite possesses BET surface area and total pore volume of 263.6 m2 g1 and 

0.141 cm3 g1, respectively, and mean pore size of 3.9 nm. After modifying with melamine species, both 
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the BET surface area and total pore volume of Boeh/Me spherical composites are gradually decreased when 

increasing melamine content from 2.5% to 10% in the starting material. This could be due to melamine 

species penetrating into the pristine boehmite's pore system [33]. Consequently, the centered peak of pore 

size distribution is gradually shifted from 3.89 nm to 3.5 nm corresponding to boehmite and Boeh/Me#10, 

respectively, as shown in Fig. 6(b). 
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Figure 6: (a) N2 adsorption/desorption isotherms at 77 K, and (b) pore size distribution of the as-prepared materials, 

as calculated from the BJH model. 

 

3.2. CO2 and N2 separation performance 

Fig. 7 displays the behavior adsorption of CO2 and N2 at 25 C on the pristine and melamine-modified 

boehmite samples in the pressure range of 0 – 100 kPa. It can be seen that all samples show the much higher 

adsorption capacity of CO2 than that of N2, implying a more vigorous interaction between CO2 molecules 

and the adsorbents. Indeed, the pristine boehmite reaches an uptake amount of 13 cm3 g1 for CO2 and 0.36 

cm3 g1 for N2 because of abundant presence of -OH groups, which has a strong affinity to CO2 molecules. 

After integrating melamine species into the boehmite matrix, interestingly, N2 adsorption capacities on the 

composite materials are significantly reduced owing to a decrease of BET surface area whereas CO2 uptake 

amounts are substantially improved. Specifically, the CO2 adsorption capacity increases from 13 cm3 g1 

to 16 cm3 g1 and 20 cm3 g1, corresponding to the original boehmite, Boeh/Me#2.5, and Boeh/Me#5.0 

sample, respectively. This result is because of the presence of melamine species incorporated into the 

composite materials, possessing many functional groups like -NH2 and -CN, having strong affinity to CO2 
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adsorbate. Nevertheless, further use of melamine concentration up to 7.5% led to a reduction of CO2 uptake 

amount owing to decreasing porosity. It is worth noting that the CO2 and N2 molecules have very similar 

kinetic diameter, which is 0.33 nm and 0.36 nm, respectively. Compared to the N2 molecule, nevertheless, 

the CO2 counterpart has much higher quadrupole moments and polarizability, as well as more free-electron 

pairs on the oxygen bridge. As a result, the CO2 molecules form preferable bonds to the previously 

mentioned functional groups through charge interaction or H-bonding [34, 35]. To further elucidate the 

effect of melamine concentration on the adsorbent’s CO2 separation performance, CO2/N2 separation factor 

is used. The separation factor is defined as a ratio of CO2 adsorption capacity and that of N2 at the same 

adsorptive condition of temperature and pressure [34, 36]. As shown in Fig. 7(c), the as-made boehmite 

melamine composites demonstrate a significant improvement in CO2/N2 separation factor at 25 C and 100 

kPa, corresponding to 38.17, 57.35, 113.12, and 160.07 for Boehmite, Boeh/Me#2.5, Boeh/Me#5, and 

Boeh/Me#7.5, respectively. Considering both the CO2 uptake amount and the CO2/N2 separation factor, the 

sample with 5.0% melamine (Boeh/Me#5) was chosen as the best sample that showed around 46.1% higher 

CO2 adsorption capacity and 3-fold higher CO2/N2 separation factor than the pristine boehmite sample. 
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Figure 7: CO2 and N2 adsorption properties of the Boehmite and modified boehmite samples: (a) CO2 adsorption 

isotherms, (b) N2 adsorption isotherms, and (c) correlation of CO2 adsorption capacities and CO2/N2 separation 

factor. 

 

Table 2: The obtained parameters and correlation coefficients from fitting the Langmuir–Freundlich model 

 

Parameters 
Boehmite Boeh/Me#5 

CO2 N2 CO2 N2 

qsat (cm3 g1) 61.8122 5.0671 141.6446 4.5586 

a (kPa1) 0.0095 0.0024 0.0070 0.0013 

n 0.7233 0.7453 0.6707 0.7254 

R2 0.9999 0.9997 0.9999 0.9994 

 

To estimate effective CO2 separation in a gas mixture, the IAST tool is employed to predict CO2/N2 

selectivity for a mixture of 20% CO2 and 80% N2 at 25 C in the pressure range of 0100 kPa. All CO2 and 

N2 experimental data of Boehmite and Boeh/Me#5 adsorbents are fitted following the LF model with 

significant reliability (R2  0.9994) as shown in Table 2, suggesting that the CO2 and N2 adsorptive 

behaviors on the Boehmite and Boeh/Me#5 adsorbent are well defined by the LF model. Fig. 8 shows 

CO2/N2 adsorptive selectivity of the Boehmite and Boeh/Me#5 adsorbents inferred from the IAST means, 

with a gradual improvement in effective separation as increasing bulk pressure. Both Boehmite and 

Boeh/Me#5 adsorbents exhibit an outstanding separation performance of CO2 over N2, however, the CO2/N2 

separation performance on Boeh/Me#5 is much higher than that on Boehmite sample. This is because of 

the Boeh/Me#5’s structure possesses the new adsorption sites (-NH2, -CN), having a strong affinity with 

the CO2 adsorbate. At 298 K and 1 bar, the Boehmite sample reaches IAST CO2/N2 selectivity of 343 

whereas the IAST CO2/N2 selectivity on Boeh/Me#5 sample is up to 3182, approximately 9.2 times higher 

in comparison with the pristine boehmite sample. 
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Figure 8: IAST-predicted selectivities using CO2/N2 (0.2/0.8) mixture on Boehmite and Boeh/Me#5 sample at 298 

K. 

3.3. Isosteric heat of CO2 adsorption 

Fig. 9 depicts the CO2 adsorptive behavior over the Boehmite and Boeh/Me#5 adsorbents at various 

temperatures, as well as their isosteric enthalpy of CO2 adsorption. Undoubtedly, the adsorptive interaction 

between CO2 and the adsorbents is physisorption because of a gradual decrease of CO2 uptake amounts 

when increasing the adsorption temperature from 15 C to 35 C [25, 26, 37]. Indeed, using the 

ClausiusClapeyron equation, the isosteric enthalpy of the CO2 adsorption (H) reaches a range of 24 – 34 

kJ mol1 for Boeh/Me#5 and 23–25 kJ mol1 for Boehmite sample, which is within the scope of physical 

adsorption [38]. Clearly, introducing melamine species into the boehmite system contributes to increment 

of H as a result of presence of new active sites (N-functional groups) originated from melamine. 

Nevertheless, these values are somewhat modest, implying that the refreshment of the absorbent can be 

conducted feasibly for recycling. 
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Figure 9: CO2 adsorption isotherms at various temperatures for: (a) Boehmite, (b) Boeh/Me#5, and (c) isosteric heat 

of CO2 adsorption on Boehmite and Boeh/Me#5 sample. 

4. CONCLUSIONS 

Through the combination of the sol-gel process and spray drying technology, the spherical micron-sized 

particles of pure and melamine-modified boehmite are successfully prepared. Increasing the concentration 

of melamine has no effect on crystallinity, but it does increase the appearance of some tiny polyhedron 

pieces on the surface of the resulting material, while decreasing BET surface area and total pore volume. 

As expected, the CO2 uptake amount is still improved over the melamine-modified boehmite samples due 

to the presence of N-derived functional groups of -NH2 and -CN that play a role as basic sites interacting 

vigorously with Lewis acid of CO2. The optimized sample of Boeh/Me#5 showed CO2 adsorption amount 

of 19.2 cm3 g1 and CO2/N2 separation factor of 113.3 at 25 C and 1 bar, which are approximately 46.1% 

and 3-times higher than the pure boehmite sample, respectively. Additionally, the Boeh/Me#5 sample 

shows a CO2/N2 adsorption selectivity based on IAST theory up to 3182, which is 9.2-times higher than 

that of the pristine sample at 25 C and 1 bar. Simultaneously, compared to Boehmite, the isosteric enthalpy 

of CO2 adsorption on Boeh/Me#5 is slightly higher. Considering its excellent CO2 separation performance 

and the affordable large-scale production, Boeh/Me#5 is promising as a potential adsorbent for CO2 

separation on an industrial scale. 
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Highlights 

- Boehmite/melamine composite is fabricated by combining the sol-gel and spray drying methods. 

- Presence of melamine provides new CO2 adsorption sites to enhance the CO2 uptake amount. 

- Boehmite/melamine composite shows improved CO2 adsorption capacity and CO2/N2 selectivity. 
Graphical abstract 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The 2nd International Conference on Advanced Technology & Sustainable Development (ICATSD 2022) 

©2022 Industrial University of Ho Chi Minh City   269 

ICATSD2F.326 

APPLICATION OF WASTE DOLOMITE COUPLED WITH FELDSPAR FOR 

SOIL AMENDMENT 
 

KREANGKRAI MANEEINTR, KITTIN PRAMPONGPUN, WORAMET LEELA-ADISORN, ARAN 

HONGTHONG, JAKAPAN PIMOLRAT 

Carbon Capture, Storage and Utilization Research Laboratory, Department of Mining and Petroleum 

Engineering, Faculty of Engineering, Chulalongkorn University, Bangkok, Thailand 

Krengkrai.M@chula.ac.th, kittinns@hotmail.com, klong30585@gmail.com, oakaran@gmail.com, 

jakapan.pi@chula.ac.th 

 

Abstract. In Thailand, many areas have a soil-degraded problem from deforestation and excessive use of 

chemical fertilizer. To recover the soil quality, dolomite applied in cement and steel industries, can be used 

for agricultural purposes for soil amendment. However, there still is some waste dolomite left from the 

process. Furthermore, feldspar, normally used in glass and ceramics industries, is chosen as a mixture to 

improve soil fertility but the amount of feldspar and dolomite used in this function is still low. Therefore, 

the aims of this study are to apply and to evaluate the effects of the waste dolomite coupled with feldspar 

as a soil amendment on the soil qualities like pH, soil-bulk density, electrical conductivity (EC) and soil 

texture. The concentration of feldspar and dolomite are ranged from 0-12% and 10-25% by weight, 

respectively. From the results show that the soil quality has been improved in that pH can increase in all 

ratios from 4.758 up to 6.482. However, EC has increased from 0.126 dS/m for soil to 21.3-40.5 dS/m for 

the mixture. The bulk density of soil is reduced from 1.121 g/cm3 to 0.899-1.062 g/cm3 to have more space 

for air and water for all mixtures. The soil texture has changed in better quality from clay to sandy loam, 

loamy sand, and sandy clay loam which are suitable for plant growth. Finally, waste dolomite and feldspar 

can improve the better waste management method and reuse the low-value waste and gain more profit of 

the project for soil amendment.   

 

Keywords. Dolomite, feldspar, soil amendment, waste management. 

1. INTRODUCTION 

Nowadays, soil in Thailand is degraded to a higher level in many areas caused by some factors including 

long-period soil utilization without the principles of soil and water conservation [1]. As a result, the quality 

of the crops from this soil has decreased [2]. It requires to improve the soil quality by adding some chemicals 

called a soil amendment to recover soil fertility. The addition of soil amendment can simulate the various 

measurable soil properties. For example, the soil samples that are amended with the compost have higher 

electrical conductivity (EC) values also the changes of soil pH values [3]. 

Dolomite is a complex mineral containing magnesium, calcium and carbonate ions. It is normally used to 

produce cement and steel industries. Also, it can change the soil to be more plant-friendly and provide 

valuable nutrients to plants [4]. In mining industry, there are some waste dolomite from mining process 

with less value. Furthermore, potash feldspar with the composition of potassium is used as a supplementary 

product for ceramic or glass production. It can be applied in agricultural purposes as a slow release fertilizer 

[5] and provides a beneficial effect due to calcium supplied or with soil acidity adjustment [6]. 

In this study, the waste dolomite and feldspar will be applied through their physical and chemical 

characteristics. This research is conducted the adaptation of these minerals in the agricultural process as the 

soil conditioners other than their common usage. The main soil properties can be pH, EC, soil bulk density 

and soil texture. Soil pH is one of the major variables in soil because it controls the chemical and 

biochemical processes operation within the soil. The study of soil pH is very important in agriculture due 

to the plant nutrient availability that is regulated from soil pH by controlling the chemical forms of the 

various nutrients and also affects their chemical reactions [7]. Soil electrical conductivity (EC) is among 
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the most useful and easily obtained properties of soil that influence crop productivity to characterize the 

field variability for application to agriculture [8]. 

The bulk density, one of the physical quantifying characteristics quantitatively assessing the water and air 

in soil, represents an important key of soil fertility and strongly influenced maintenance of soil structure 

[9]. Moreover, soil texture is the composition of the size of grains constituted of minerals represented by 

sand (2-0.05 mm), silt (0.05-0.002 mm.) and clay (below 0.002 mm.). The proportions of these soil particles 

depend on mineralogical composition of original material. Soil texture is a controlling factor of nutrient 

availability, water holding capacity, soil porosity, air-water circulation and soil density [10]. 

Therefore, the objectives of this work are to improve the soil quality by using waste dolomite and feldspar 

as a soil conditioner and to investigate the effects of the waste dolomite coupled with feldspar on the soil 

qualities like pH, soil-bulk density, EC and soil texture. This research can contribute to the mining industries 

that create significant amounts of leftovers such as dolomite and feldspar and the waste products can be 

applied in agriculture to improve the soil quality, to manage the environmental impacts, and to make profit 

from the sale of waste products, thus contributing to the economic and social development of Thailand.  

In addition, the main objective and contribution of this study phase is to find the proper conditions for plant 

growing for the next step as the second phase for soil amendment. Some statistical data are not provided. 

2. EXPERIMENT 

2.1 Materials 

The degraded soil is from nan province in the northern area in Thailand. Potash feldspar with 12% of 

potassium is obtained from the cement company in Thailand to use as the additive for the ceramic or glass 

production. Dolomite is the waste from the mining area in the North of Thailand. It is considered as the 

waste from the mining process. The properties of these materials are presented in Table 1. Furthermore, the 

weight ratio of the combination of these samples is the mixing ratio by weight of soil, dolomite mixed with 

feldspar (soil + dolomite +feldspar). The mixing ratio of feldspar and dolomite are ranged from 0-12% and 

10-25% by weight, respectively. 
 

Table 1: Physical properties of feldspar, dolomite and soil. 
 

Samples pH 
ECse 

(dS/m) 
Bulk density 

(g/cm3) 
Soil    

porosity (%) 
Soil texture 

Feldspar 4.574 0.092     1.205 52.868 Sandy clay 

loam 

Dolomite 8.329 71.53     0.987 63.826 Sandy loam 

Soil 4.758 0.126     1.121 54.308        Clay 

2.2 Equipment and Procedure 

2.2.1 pH and EC measurement 

The equipment for pH and EC measurement is the benchtop pH/Water Quality Analyzer LAQUA Model 

F-74. Before the measurement, the equipment is calibrated with buffer solutions with pH of 7 and 4, 

respectively. To prepare solution for measurement, 10 grams of each sample is dissolved in 50 ml of 

distilled water at a controlled temperature. The solution is shaken for 5 minutes, leave it for 10 minutes to 

settle and then measure for pH and EC. All measurements are performed for 3 times in each sample to get 

the average values of all measurements. 

2.2.2 Bulk density measurement 

The equipment used to measure the bulk density includes scale, oven and 100 ml graduated cylinder. The 

scale has a maximum capacity of 200 g, and accuracy of ±0.0001 g. The procedure is that the sample is put 
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into the cylinder and compressed by tapping the bottom of cylinder. The sample is put and compressed until 

the 100 ml cylinder is full. The procedure is done for 3 times in each sample to get the average value of the 

bulk density [11]. 

2.2.3 Soil texture measurement 

According to the American Society for Testing and Materials standard (ASTM- D422-63) for determining 

the soil texture, the percentage of clay, silt and soil of the combinations are measured by wet sieve process 

and hydrometer. Based on the standard, 100 grams of each sample is put in 500 ml cylinder. At the same 

time, put 125 ml of 40 g/l sodium hexametaphosphate solution into the cylinder which contains the sample, 

then stir the sample until it is completely wet and soak it at least 16 hours. After 16 hours, place the solution 

into sedimentation cylinder and add distilled water until the total volume reaches 1,000 ml and cover the 

end of the cylinder, turn it upside down and back for 1 minute. Record the results from the hydrometer at 

the time intervals from 0 to 1,440 minutes. After 24 hours, transfer the solution to the set sieve No.40 to 

No.200 and wash with water until the cylinder is clear. At the end, dry the particles remaining in sieve 

No.40 to No.200 in the oven for 24 hours, then weigh each portion. 

3. RESULTS AND DISCUSSION 

3.1 Effect of Feldspar and Dolomite on Soil pH 

Soil pH affects the soil physical, chemical, and biological properties as well as plant growth. A soil pH is 

directly related to the nutrient concentration, and the composition of elements available for uptake by plants. 

The nutrition, growth, and yields of most crops decrease where soil pH is low and increases as pH rises to 

the suitable level for each type of plant but not too high to reach an alkaline level. The sample is written in 

code like S63D25F12 and the meaning of the code is the ratio of the components, Soil: Dolomite: Feldspar 

= 63: 25: 12, respectively. 

The result of pH as shown in Figure 1 and Table 2 presents that soil with dolomite has pH at 6.125. 

However, the soil with potash feldspar and waste dolomite can increase pH of soil from 4.758 to 6.482. It 

means that dolomite coupled with feldspar can decrease more for soil pH. The application of dolomite at 

10% to 20% coupled with feldspar at 0% to 12% are good conditions for soil pH improvement. Furthermore, 

the pH of feldspar seems acidic. However, the main point of adding feldspar is that it contains 12% 

potassium used as fertilizer for plants. Therefore, the cost for fertilizer will be lowered. Furthermore, the 

acidic effect from feldspar can be relieved with dolomite with a high alkaline solution. 
 

 

 

 

 

 

 

Figure 1: Effect of feldspar and dolomite on soil pH. 
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Table 2: Experimental results of all cases. 

3.2 Effect of Feldspar and Dolomite on EC 

Wherever Electrical conductivity (EC) is also one of the chemical properties which is important for soil in 

agriculture. It is an indirect measurement of the total concentration of salt in soil or salinity. This property 

has an effect on crop yields, crop suitability, plant nutrient availability and the activity of soil 

microorganism. Also, according to the classification of crop tolerance to salinity of Mass and Hoffman 

[12], most plants cannot grow with EC higher than 32 dS/m. 

 

No. Samples Ratio pH 
EC 

)dS/m( 
Bulk density 

)g/cm3( 
Soil texture 

1 
Soil + Dolomite + 

Feldspar 
63:25:12 6.482 38.27 1.062 sandy loam 

2 
Soil + Dolomite + 

Feldspar 
69:25:06 6.381 39.56 1.018 sandy loam 

3 
Soil + Dolomite + 

Feldspar 
75:25:0 6.125 40.55 0.979 

sandy clay 

loam 

4 
Soil + Dolomite + 

Feldspar 
68:20:12 6.331 33.99 1.036 sandy loam 

5 
Soil + Dolomite + 

Feldspar 
74:20:06 5.959 34.85 0.995 sandy loam 

6 
Soil + Dolomite + 

Feldspar 
80:20:0 5.782 36.48 0.950 

sandy clay 

loam 

7 
Soil + Dolomite + 

Feldspar 
73:15:12 5.637 30.73 0.982 sandy loam 

8 
Soil + Dolomite + 

Feldspar 
79:15:06 5.561 31.68 0.974 

sandy clay 

loam 

9 
Soil + Dolomite + 

Feldspar 
85:15:0 5.448 32.27 0.915 

sandy clay 

loam 

10 
Soil + Dolomite + 

Feldspar 
78:10:12 5.560 29.16 0.969 sandy loam 

11 
Soil + Dolomite + 

Feldspar 
84:10:06 5.200 29.42 0.943 sandy loam 

12 
Soil + Dolomite + 

Feldspar 
90:10:0 5.146 29.62 0.899 

sandy clay 

loam 
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Table 2 and Figure 2 show when the dolomite with high salinity is added to soil, EC can increase to 29.62-40.55 

dS/m. It is considered that the value is higher than the crop can tolerance. When the mixture of dolomite 

coupled with feldspar is applied, the EC of soil can be reduced at all of the combination ratios. However, 

the ECs is still higher than that of the suitable condition. Based on this study, the lowest value of 29.16 

dS/m that can be used is from the ratio of soil+dolomite+feldspar (78:105:12). 

Figure 2: Effect of feldspar and dolomite on EC. 

3.3 Effect of Feldspar and Dolomite on Bulk Density 

Please Bulk density of soil represents the compaction of soil and soil physicality which affects the 

availability of root growth, infiltration, and plant nutrient availability. High values of soil bulk density can 

indicate low percentage soil percent porosity and soil compaction. It can limit root growth and decrease the 

movement of gas and water through the soil. The difference of soil texture will have different values of 

bulk density for plant growth. From USDA [13], the ideal bulk density value for plant growth should be 

lower than 1.10 g/cm3. 

From this study, the result of the bulk density measurement is shown in Table 2 and Figure 3. The bulk 

density of soil is little higher than 1.1 g/cm3. The results from soil and dolomite provide the bulk density 

lower than the ideal bulk density at 1.10 g/cm3. However, when feldspar is mixed, the bulk density of the 

combination is higher. The results of the application soil+dolomite+feldspar for all cases are lower than 1.1 

g/cm3. That means adding both dolomite and feldspar can meet the criteria for soil improvement. 

 
Figure 3: Effect of feldspar and dolomite on bulk density. 

3.4 Effect of Feldspar and Dolomite on Soil Texture 

Soil texture has an impact on the amount of pore space in soil, which directly affects the movement of 

water, air and heart in soil and turns impact on plants growth. Therefore, sandy soil has a quite large pore 

space which cannot hold air and water for so long. On the other hand, clay contains most of small particle 
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which causes less pore space. Each type of plant will be suitable for different soil textures. However, loam 

is considered as the most suitable soil texture for sufficient vegetative growth, and root development [14]. 

Based on this study, from Table 2 and Figure 4, the soil texture triangle is plotted and degraded soil is fallen 

into clay texture. In addition, feldspar and dolomite are classified as sandy clay loam and sandy loam, 

respectively. Furthermore, the results of dolomite mixed with soil ranging from 10-25% can change the 

texture of the original soil from clay to sandy clay loam. In addition, the textures of the mixture of soil and 

dolomite coupled with feldspar are changed the soil from clay to sandy loam and sandy clay loam especially 

at 10-20% of dolomite and 6-12% feldspar; thus making the soil close to the soil texture suitable for plant 

growth. 

 

 

Figure 4: Effect of feldspar and dolomite on soil texture. 

4. CONCLUSIONS 

In Thailand, some areas like the northern part of Thailand have a problem of soil degradation from 

deforestation and excessive use of chemical fertilizer. This research is aimed to apply dolomite coupled 

with feldspar to improve soil quality from degraded soil. From the results of the study, it can be concluded 

that dolomite and feldspar can be used in agricultural activities for soil amendment due to their physical 

and chemical properties. Furthermore, the positive impacts of dolomite and feldspar amendment on soils 

are that they can increase soil pH value, decrease soil bulk density and change the soil texture. The effects 

of feldspar mixture in this work are to decrease the EC value of the soil conditions (balance to the amount 

of dolomite) and reduce the quantity of sandy soil texture from the effect of the other mixtures. The studied 

conditions consist of 12 mixing ratios and the pH, bulk density and some soil texture values are within the 

scope of the suitable soil properties for planting. But for the EC and soil texture values are not fitting the 

favorable conditions for plant growth. Furthermore, the main contribution of this study is to find the suitable 

conditions of the mixture in soil and they are used for plant growing for the second phase for soil 

amendment.  
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