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Abstract 

Hyperglycemia in diabetes is associated with obesity and increases the production of free 

radicals which is the beginning of the development of oxidative stress. This study aimed 

to determine the effect of cowpea sprout yogurt (CowpeaS-Yo) on body mass index 

(BMI) and malondialdehyde (MDA) levels in type-2 diabetes mellitus (T2DM) with obese 

patients. This study used a pretest-posttest control group design, with 20 women with 

T2DM with obesity, which was randomly divided into two groups of ten women in each 

group. Group I was given CowpeaS-Yo, while group II was given a placebo as a control, 

200 mL/day, for 2 months. Before and after the intervention, the subject's weight and 

height were measured, and 1 mL of their blood sample was taken, to check their plasma 

MDA levels. Data were analyzed using a paired sample t-test. After two months of 

intervention, BMI decreased significantly from 28.53±2.27 to 24.56±2.55 kg/m2 (P = 

0.002) in the group receiving CowpeaS-Yo, as well as decreased plasma MDA levels from 

7.49±0.72 to 6.24±0.59 nmol/mL (P = 0.015) compared to the control group. In 

conclusion, CowpeaS-Yo was able to control body weight and improve the antioxidant 

status of T2DM in obese patients. 

1. Introduction 

The prevalence of diabetes mellitus (DM) in 

Indonesia has increased from year to year. The high 

incidence of DM has an impact on the high incidence of 

Type-2 diabetes mellitus (T2DM). The incidence is 

higher in women than in men. According to Fatimah 

(2015), women are more at risk of developing DM, 

because physically there is a greater chance of increasing 

body mass index (BMI) than men. 

High blood glucose levels (hyperglycemic) in DM 

are associated with obesity (Yan et al., 2006), a 

condition indicated by the accumulation of intra-

abdominal and subcutaneous fat in the abdomen area and 

high BMI. Cave et al. (2008) confirmed that more than 

80-90% of patients with T2DM are obese. T2DM 

accompanied by obesity is at risk of metabolic 

syndrome, therefore BMI needs to be controlled. 

On the other hand, hyperglycemic also causes 

disturbances in glucose, lipid, and protein metabolism 

which ultimately increases the production of free 

radicals, which is the beginning of the development of 

oxidative stress (Afsharpour et al., 2019). Oxidative 

stress due to hyperglycemic increases alternative 

metabolic pathways such as glucose auto-oxidation, 

polyol pathways, and advanced glycosylation products 

(AGEs) which produce by-products in the form of free 

radicals. According to Winarsi et al. (2013), free radicals 

are also generated through normal cell metabolism, 

inflammation, and other factors. Thus, it can be believed 

that in the body of people with T2DM the free radical 

content is very high. 

Free radicals react with reactive oxygen species 

(ROS) in the body. High ROS can interact with lipid 

bilayer components in cell membranes, thus forming 

lipid peroxidation compounds (Mahreen et al., 2010; 

Afsharpour et al., 2019), with malondialdehyde (MDA) 

as the final product. 

High levels of MDA are an indicator of tissue 

damage as well as a marker of oxidative stress (Antwi et 

al., 2020; Rustanti et al., 2020). According to Mahreen et 

al. (2010), MDA levels in T2DM patients were higher 

than in healthy people. High plasma MDA levels trigger 
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the development of T2DM (Winarsi et al., 2012), to the 

formation of atherosclerotic plaques. Therefore, MDA 

levels in the body of T2DM must be controlled. Several 

researchers have reported that antioxidant-rich foods 

have the potential to reduce BMI (Winarsi et al., 2013) 

and plasma MDA levels (Kaminskas et al., 2013; 

Winarsi et al., 2016). 

According to Winarsi et al. (2022), cowpea sprouts 

yogurt contains 529.75 mg GAE/L of phenolics, 3.09% 

dietary fiber, 100.55 mg/100 g vitamin C, and 36.22% 

soluble protein. Phenolics are known as potential 

antioxidant compounds, which can protect cell 

membranes from oxidative damage caused by ROS. 

Phenolics can increase cellular antioxidants and inhibit 

the lipid peroxidation process (Winarsi et al., 2020). 

Increased cellular antioxidant defense contributes to a 

decrease in MDA levels (Rustanti et al., 2020). Fiber, 

especially water-soluble dietary fiber, makes food more 

viscous (forms a gel) and makes food undigested by 

digestive enzymes, thereby slowing the digestion process 

and gastric emptying. Slow digestion can reduce the 

absorption of nutrients including glucose, thereby 

creating a longer feeling of fullness (Weber et al., 2008), 

and suppressing the intake of subsequent meals, which 

ultimately results in weight loss. In the next mechanism, 

fiber that cannot be digested by digestive enzymes makes 

it enters the large intestine intact, then fermented by 

good bacteria to form short-chain fatty acid (SCFA). The 

SCFA induces the secretion of the hormones GLP-1 

(glucagon like peptide-1), GIP (gastric inhibitory 

polypeptide), and peptide YY (PYY) which can increase 

insulin receptor sensitivity (Psichas et al., 2015), thereby 

lowering blood glucose levels. Therefore, fiber-rich 

CowpeaS-Yo has the potential to suppress blood sugar 

levels (Winarsi et al., 2022). Meanwhile, vitamin C is an 

antioxidant compound that has the potential to increase 

the activity of the enzyme Superoxide dismutase (SOD), 

protect lipid membranes from peroxidation, and inhibit 

the formation of ROS (Winarsi et al., 2020). This study 

aimed to determine the effect of giving CowpeaS-Yo on 

the BMI and MDA levels of patients with T2DM. 

 

2. Materials and methods 

This research was completed with an ethical 

approval letter obtained from the Health Research Ethics 

Commission, Faculty of Health Sciences UNSOED 

number 409/EC/KEPK/V/2021, May 3, 2021. This 

experimental study used a pretest-posttest control group 

design. 

2.1 CowpeaS-Yo production  

Cowpea that has been sorted, washed and soaked for 

10 hrs. Germinated for 12 hrs in the dark and at room 

temperature. Blanched by hot water blanching at 95°C 

for 2 mins. Next, the cowpea sprouts were blended with 

water in a ratio of 1:8 until smooth, then filtered with a 

filter cloth, so that the cowpea sprout milk was obtained. 

Cowpea sprouted milk was added with 10% sucrose and 

skim milk in a ratio of 70:30, then pasteurized at 80-90°

C for 15 mins. The mixture was cooled to a temperature 

of 40-45°C, then 0.3% LAB was added and fermented 

for 24 hrs at room temperature, to obtain cowpea sprout 

yogurt (CowpeaS-Yo), which was then put into the 

refrigerator. Meanwhile, the placebo comes from skim 

milk, in the same way, it was made into yogurt (Winarsi 

et al., 2022). 

2.2 Selection of research subjects and interventions  

The research subjects were 20 people, selected based 

on inclusion and exclusion criteria. The inclusion criteria 

were women with T2DM (GDP>126 mg/dL), aged 40-

70 years, obese (BMI>27 kg/m2), and not allergic to 

nuts, milk, and processed products, for two months. Do 

not leave the Purwokerto city area, have Badan 

Penyelenggara Jaminan Sosial (BPJS) membership, and 

are willing to sign an informed consent. Meanwhile, the 

exclusion criteria included having other disease 

complications, traveling frequently, and experiencing 

immune disorders. Subjects were randomly divided into 

two groups, 10 people each. The first group was given 

CowpeaS-Yo, while the second group was given a 

placebo (as a control). Both groups were given an 

intervention of 200 mL each day for 2 consecutive 

months. The product was delivered to the subject's house 

to be drunk immediately, every day from 06.00 to 08.00. 

The respondent's compliance in consuming the product 

was recorded in the compliance form every day during 

the intervention (Winarsi et al., 2020). 

2.3 Blood sampling and determination of plasma 

malondialdehyde levels 

An aliquot of a blood sample, taken 2 times (pre-test 

and post-test) from a vein, by a clinical laboratory. The 

blood was centrifuged at 3000 rpm for 10 minutes and 

the plasma was separated (Winarsi et al., 2016). The 

plasma MDA levels were determined using 

Malondialdehyde ELISA Kit-AB clonal No. reagent 

RK09070. 

2.4 Determination of body mass index 

Body weight and height were measured before and 

after the intervention, to calculate BMI. 

BMI = (Body weight)/(height)2 = kg/m2 

2.5 Data analysis 

Data analysis was carried out using SPSS Statistics 
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version 25 software. The description of the 

characteristics of the subjects before the intervention was 

tested for normality using the Shapiro-Wilk test followed 

by the independent t-test. Data on changes in plasma 

MDA levels before and after the intervention were tested 

for normality using the Shapiro-Wilk test. If the data is 

not normally distributed, then the Wilcoxon test is 

continued in both groups. 

 

3. Results and discussion 

3.1 Characteristics of research subjects 

Table 1 shows the characteristics of the research 

subjects before being given the intervention. The age, 

BMI, fasting blood glucose (GDP), and plasma MDA 

level of subjects before being given the intervention 

showed homogeneity (P>0.05) in both groups. The age 

of the research subjects ranged from 40-70 years. 

According to Winarsi et al. (2015), women aged over 40 

years experience increased oxidative stress. Increasing 

age causes the body to experience changes in the 

decreased function of pancreatic beta cells in producing 

insulin, and in peripheral tissues to experience insulin 

resistance, so in the long term, it causes hyperglycemia. 

The research subjects were obese women with 

BMI>27 kg/m2. Obesity also increases the body's 

oxidative stress due to the high activity of NADPH 

oxidase-4 (NOX4) and the accumulation of oxidizing 

hydrogen peroxide (H2O2) (Winarsi et al., 2015). NOX4 

plays a role in forming H2O2, which has the potential to 

turn into ROS in adipose cells (Schröder et al., 2012). 

Obesity has the potential to cause various diseases, such 

as diabetes mellitus, heart disease, hypertension, and 

hypercholesterolemia (Winarsi et al., 2021). 

The condition of the research subjects before being 

given the intervention had FBG>126 mg/dL including 

DM, with the age of more than 40 years, then including 

T2DM. Hyperglycemia increases oxidative stress which 

has the potential for lipid oxidation reactions to cause 

cell membrane damage (Mahreen et al., 2010). 

Malondialdehyde is the end product of lipid 

peroxidation. 

The subjects' MDA levels before the intervention 

were high, in the range of 6.79-7.49 nmol/mL. 

According to Sengsuk et al. (2014), the normal limit for 

plasma MDA levels is less than 3.5 nmol/mL. MDA 

levels increase with age, obesity, and hyperglycemia 

(Yasin et al., 2015). Hyperglycemia causes metabolic 

disorders that ultimately increase alternative metabolic 

pathways, such as glucose autooxidation pathways, 

polyols, AGEs, activation of protein kinase C, and 

hexosamines that increase ROS products (Winarsi et al., 

2021). 

The high ROS has the potential to bind 

polyunsaturated fatty acid (PUFA) compounds in cell 

membranes and initiate the lipid peroxidation process 

(Yasin et al., 2015), thus forming MDA. MDA is toxic 

to cell membranes and lipoproteins, which then increases 

the severity of DM conditions (Makaryani et al., 2014), 

so the levels must be controlled. 

Winarsi et al. (2022) reported that CowpeaS-Yo 

contains phenolic antioxidants of 529.75 mg GAE/L, 

3.09% dietary fiber, 36.22% soluble protein, and 100.55 

mg/100 g vitamin C. The content of CowpeaS-Yo was 

thought to have the potential to reduce plasma MDA 

levels in T2DM. 

3.2 The effect of CowpeaS-Yo on plasma 

malondialdehyde levels in patients with type-2 diabetes 

mellitus 

Figure 1 shows the plasma MDA levels of T2DM 

patients who received CowpeaS-Yo before and after the 

intervention. After the study subjects were given 

CowpeaS-Yo for two months, there was a decrease in 

plasma MDA levels from 7.49 to 6.24 nmol/mL (P = 

0.015), while in the placebo group, there was an increase 

in MDA levels, but not significantly (P = 0.374). 

The decrease in MDA levels may be related to the 

role of phenolic antioxidants contained in CowpeaS-Yo. 

The content of phenolic antioxidants in CowpeaS-Yo 

Variable 
CowpeaS-Yo  

(n = 10)  

Placebo  

(n = 10) 
p-value* 

Age (year) 60.11±5.35 54.33±8.19 0.095 

BMI (kg/m2) 28.53±2.27  28.54±2.70 0.990 

FBG (mg/dL) 259.33±103.01 223.44±110.4 0.486 

MDA (nmol/mL) 7.49±0.72 6.79±0.93 0.094 

Table 1. Characteristic of research subjects fed with CowpeaS

-Yo and skim milk yogurt (placebo). 

Values are presented as mean±SD. BMI: body mass index, 

FBG: Fasting blood glucose, *independent t-test.  

Figure 1. Plasma MDA levels of patients with T2DM fed with 

CowpeaS-Yo and skim milk yogurt (placebo) at 0-month and 

2-month of intervention (n = 10). Values followed by different 

alphabets are statistically significantly different at 5%.  
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 was 529.75 mg GAE/L (Winarsi et al., 2022). Every day 

the research subjects consumed 200 mL of CowpeaS-Yo 

which contained 105.95 mg of GAE phenolic 

antioxidants. According to Singh et al. (2016), some 

phenolic compounds are in the form of flavonoids, 

phenolic acids and tannins. Flavonoids are abundant in 

nuts, protecting pancreatic beta cells from oxidative 

stress due to hyperglycemia (Banjarnahor and Artanti, 

2014). 

Several previous researchers reported that red bean 

extract containing 650 mg of flavonoids for 22 days was 

proven to reduce blood MDA levels in rats with 

excessive physical activity (Septivani et al., 2019). 

Kepok bananas containing flavonoids were given to pre-

metabolic syndrome rats for 21 days as much as 9 g/200 

g BW managed to reduce MDA levels (Puspitasari and 

Syauqy, 2015). Flavonoids, a form of phenolic 

compound reduce plasma MDA levels by reducing 

hydroxyl radicals, superoxide radicals, and peroxyl 

radicals, thereby inhibiting the lipid peroxidation process 

(Septivani et al., 2019). Flavonoids can also donate their 

hydrogen ions or single electrons to free radicals (R*) 

directly, thereby producing phenoxyl flavonoid radicals 

(Fl-O*). These radicals are very reactive but are easily 

oxidized back into more complex stable compounds, 

called quinone flavonoids (Fl-quinone) (Procházková et 

al., 2011). increase the activity of enzymatic 

antioxidants, such as SOD enzymes, glutathione 

peroxidase (GSH-PX), and catalase (CAT) (Winarsi et 

al., 2020). 

Yoon and Park (2014) reported that the isoflavone 

content of tempeh reduced plasma MDA levels in rats by 

increasing the antioxidant activity of the GSH-PX and 

SOD enzymes. Isoflavones bind to ROS to produce 

isoflavone radicals, which can then be re-stabilized by 

other isoflavone radicals before reaching cell 

membranes. The phenolic antioxidants in CowpeaS-Yo 

can reduce plasma MDA levels in the same way as red 

bean flavonoids and tempeh isoflavones. Both of these 

compounds are able to inhibit free radical reactivity and 

increase enzymatic antioxidant activity. 

In addition to phenolic antioxidants, CowpeaS-Yo 

also contains 36.22% soluble protein (Winarsi et al., 

2022). Nuts contain high levels of the amino acid lysine 

(Ismayanti and Harijono, 2015). Lysine can increase the 

activity of SOD, GSH-PX, and CAT enzymes (Lestari et 

al., 2021). Winarsi et al. (2015) also reported that amino 

acids in soy sprouted milk play a role in increasing the 

work of the SOD enzyme. Increased antioxidant activity 

of SOD is associated with decreased plasma MDA levels 

(Rahmawati et al., 2014). The amino acid content in 

cowpeaS-Yo's protein can have the same role as the 

amino acids in soybean sprout milk by increasing the 

activity of the SOD enzyme so that MDA levels 

decrease. 

CowpeaS-Yo also contains soluble dietary fiber of 

3.09% (Winarsi et al., 2022). The positive effect of 

dietary fiber consumption can increase antioxidant 

activity and have an impact on decreasing MDA levels 

(Puspitasari and Syauqy, 2015). Kaminskas et al. (2013) 

proved that consumption of yogurt enriched with inulin 

for 28 days in patients with metabolic syndrome also 

reduced MDA levels, by trapping hydroxyl radicals and 

superoxide in oxidation reactions. Inulin is the best 

prebiotic (González-Herrera et al., 2015). The 

combination of prebiotics and probiotics can improve 

antioxidant status in the body (Ahmad and Nafisah, 

2022). In addition, fiber can be fermented by colonic 

microbes (Andoh et al., 2003), producing short-chain 

fatty acids, such as propionic acid which can inhibit 

cholesterol synthesis in the liver (Aliasgharzadeh et al., 

2015). Butyric acid plays a role in reducing blood 

glucose through its role in the secretion of the hormones 

peptide YY (PYY) and glucagon-like peptide-1 (GLP-1) 

which can suppress hunger and increase sensitivity to 

insulin receptors (Morrison and Preston, 2016). 

Decreased blood glucose and cholesterol levels can 

inhibit the lipid peroxidation process (Puspitasari and 

Syauqy, 2015) so MDA levels decrease. 

CowpeaS-Yo deserves to be called a probiotic drink 

because the content of lactic acid bacteria (LAB) was 

3.1×107 CFU/mL (Winarsi et al., 2021). The Indonesian 

National Standard (SNI) (2009) states that yogurt can be 

categorized as a probiotic drink if it contains a LAB of at 

least 107 CFU/mL. By consuming 200 mL/day, the 

research subjects received 6×109 CFU/day of probiotics. 

Probiotics in CowpeaS-Yo affect decreasing plasma 

MDA levels. Judiono et al. (2011) proved that 

supplementation of clear kefir for 30 days at a dose of 

3.6 mL/day in hyperglycemic rats could reduce MDA 

levels through the probiotic effect of Lactobacillus sp., 

Saccharomyces sp., Lactococcus sp. and Acetobacter. 

Macarro et al. (2021) have also proven that 

supplementation of probiotics Bifidobacterium longum 

CECT 7347, Lactobacillus rhamnosus CECT 8361 and 

Lactobacillus casei CECT 9104 can reduce MDA levels 

after administration of probiotic capsules for 6 weeks. 

LAB-fermented milk produces an active biopeptide 

in the form of lactoferrin. Lactoferrin can bind 

extracellular unbound iron, thereby inhibiting ROS 

production (Larasathi, 2014). Unbound iron can 

accelerate the reaction of H2O2 into hydroxyl radicals, 

which are toxic to unsaturated fatty compounds that 

initiate the lipid peroxidation chain reaction (Sugiarto et 

al., 2014) so that MDA levels increase (Antwi et al., 

2020). However, lactoferrin in CowpeaS-Yo can bind 
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extracellular iron, so ROS production is inhibited. Thus, 

the consumption of the probiotic drink CowpeaS-Yo was 

able to inhibit the formation of ROS, so MDA levels 

decreased. 

CowpeaS-Yo also contains Vitamin C of 100.55 

mg/100 g (Winarsi et al., 2022). Rusiani et al. (2019) 

added that vitamin C supplementation at a dose of 1.8 

mg/day in rats for three weeks could reduce plasma 

MDA levels. Likewise, Popovic et al. (2015) who had 

given Vitamin C for 14 days at a dose of 500 mg to men 

who did the Bruce Treadmill Protocol, the serum MDA 

levels decreased. Vitamin C acts directly as a reducing 

agent by donating one electron when reacting with ROS, 

resulting in an unreactive semidehydro ascorbate radical. 

However, these radicals can be reversibly oxidized to 

form L-ascorbic acid and L-dehydroascorbic acid which 

have activities such as vitamin C (Figueroa and Rivas, 

2015). The role of vitamin C CowpeaS-Yo in lowering 

plasma MDA levels is probably the same as the role of 

vitamin C supplementation in stabilizing free radicals. 

3.3 The effect of CowpeaS-Yo on body mass index of type

-2 diabetes mellitus with obesity 

After CowpeaS-Yo intervention for 2 months, there 

was a decrease in BMI from 28.53 to 24.56 kg/m² (P = 

0.002). Meanwhile, the control group did not change (P 

= 0.98) (Figure 2). The decrease in BMI is possibly 

caused by the phenolic content of CowpeaS-Yo.  

Flavonoids, one of the phenolic forms, can suppress 

adipocyte differentiation and adipogenesis, thereby 

preventing the increase in the number of adipocytes and 

preventing obesity (Rufino et al., 2020). Bhardwaj et al. 

(2021) stated that flavonoids play an important role in 

the process of thermogenesis through the mechanism of 

increasing PGC1α expression which results in energy 

expenditure and a greater reduction in fat accumulation, 

to lose weight.  

In addition to phenolics, CowpeaS-Yo also contains 

as much as 3.09% of dietary fiber (Winarsi et al., 2022). 

Dietary fiber is a vegetable food ingredient that can be 

consumed but cannot be digested by digestive enzymes 

(Prastica and Sukesi, 2013). Dietary fiber provides a 

greater feeling of fullness compared to simple sugars that 

are easily digested. This is because dietary fiber is able 

to form a gel increase the viscosity of gastric contents 

and prevent an increase in postprandial glucose levels. 

Increasing the viscosity of gastric contents can reduce 

the absorption of glucose which is a source of energy 

stored in the liver and muscles as glycogen. Besides 

being stored in the liver and muscles, glucose is also 

stored in fat tissue as an energy reserve in the form of 

triacylglycerol. Thus, consumption of CowpeaS-Yo rich 

in dietary fiber can reduce energy intake, resulting in 

weight loss and BMI. 

CowpeaS-Yo also contains a soluble protein of 

36.22%. Soluble protein is a collection of amino acids or 

short-chain oligopeptides that are easily absorbed by the 

body. Nurjanati et al. (2018) reported that protein can 

suppress appetite cause a feeling of satiety and provide a 

thermogenic effect. Westerterp-Plantenga et al. (2009) 

explained that a high-protein diet can increase energy 

expenditure which stimulates an increase in oxygen 

consumption and body temperature, thus causing an 

increase in satiety. The high feeling of satiety results in 

reduced food intake, while the thermogenic effect causes 

greater calorie expenditure (Pesta and Samuel, 2014). 

Protein can also increase the secretion of the hormone 

cholecystokinin which functions to stimulate intestinal 

motor activity and inhibit gastric emptying, thereby 

reducing food intake and providing a longer feeling of 

fullness. Thus, CowpeaS-Yo protein plays an important 

role in reducing BMI in T2DM subjects. 

Probiotics have positive effects on the gut 

microbiota, including protecting the host from 

pathogenic bacteria, boosting the immune system, and 

helping the synthesis of vitamin K, folate, and biotin 

which play a role in the absorption of magnesium, 

calcium, and iron (Jung et al., 2015; Mazloom et al., 

2019). Mazloom et al. (2019) added that probiotics have 

anti-obesity properties through the mechanism of 

controlling energy balance, food intake, and satiety 

through intestinal signaling peptides. The degradation of 

polysaccharides and fiber by probiotics in the intestine 

produces short-chain fatty acids (SCFA) which can bind 

to the free fatty acid receptor (GPR43) in adipose tissue 

and intestinal tissue increasing adipogenesis and energy 

expenditure, as well as the secretion of anorexigenic 

peptide (GLP-1) and PYY which play a role in 

controlling satiety and suppressing appetite so that BMI 

decreases. 

Figure 2. BMI of patients with T2DM fed with CowpeaS-Yo 

and skim milk yogurt (placebo) at 0-month and 2-month of 

intervention (n = 10). Values followed by different alphabets 

are statistically significantly different at 5%. 
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4. Conclusion 

CowpeaS-Yo was beneficial for improving the 

health of people with T2DM and obesity by reducing 

plasma MDA levels by 16.68% and BMI by 13.8%. In 

this study, BMI did not reach the normal criteria, but 

there was a significant decreasing effect, of course, it 

will decrease again if the consumption is extended. Thus, 

CowpeaS-Yo is an antioxidant-rich functional drink has 

the potential to prevent the development of T2DM 

disease. 
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