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ABSTRACT 

Background: High fat diets are known to increase body weight and fat mass, induce 

alterations in carbohydrate and lipid metabolism, leading to insulin resistance and diabetes 

mellitus. The aim of this study was to evaluate the effects of fermented soya bean supplements 

on lipid profile and oxidative stress biomarkers in high fat diet-induced type 2 diabetes 

mellitus in rabbits. Methods: Twenty rabbits weighing between 1kg – 2kg were used for the 

study. Type 2 diabetes mellitus was induced by feeding the animals with high fat diet (2% 

cholesterol, 20% groundnut meal, 10% groundnut oil) for eight weeks. Rabbits having fasting 

blood glucose levels of 7.2 mmol/L (130mg/dL) and above after the induction period were 

selected for the study. The animals were grouped into four groups of five rabbits each: Group 1 

(diabetic control), received distilled water ad libitum for six weeks; groups 2, 3 and 4 (diabetic 

rabbits) were fed with 12.5%, 25% and 50% fermented soya bean supplements respectively for 

six weeks. Thereafter, the rabbits were sacrificed  and blood samples obtained for analyses. 

Data were analysed using analysis of variance (ANOVA). Results: There was a significant 

decrease (p ≤ 0.05) in triglyceride and LDL concentrations in the group fed 50% fermented 

soya bean supplements and a significant increase in HDL levels (p ≤ 0.05) in all the fermented 

soya bean supplemented groups when compared with the diabetic control group. The result 

also showed a significant decrease (p ≤ 0.05) in malondialdehyde concentration in all the 

treated groups when compared with the control group. Superoxide dismutase was significantly 

decreased in the group fed 12.5% and 25% fermented soya bean supplements while catalase 

was significantly decreased in the group fed 12.5% fermented soya bean supplement when 

compared with the control group. Conclusion: Fermented soya bean supplements decreased 

lipid profile and improved antioxidant activities in diabetic rabbits and may prove beneficial in 

the management of hyperlipidaemia and oxidative stress in diabetic patients. 
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INTRODUCTION   

 Diabetes mellitus is a group of metabolic diseases 

characterized by hyperglycaemia resulting from defects 

in insulin secretion, insulin action, or both. This is 

associated with long-term damage, dysfunction, and 

failure of various organs, especially the eyes, kidneys, 

nerves, heart, and blood vessels. (ADA, 2006). The 

prevalence of diabetes mellitus has been steadily 

increasing for the past 3 decades and is growing most 

rapidly in low- and middle-income countries. 

 
 

Associated risk factors such as being overweight or 

obese are also increasing (WHO, 2016).  

Diabetes-related changes in serum lipid levels are 

among the key factors that increase the risk of 

cardiovascular related diseases (CVDs) and the high 

mortality rate associated with CVDs in patients with 

diabetes mellitus (Chen and Tseng, 2013; Firdous, 

2014). The lipid changes associated with diabetes 

mellitus is characterized by high plasma triglyceride 

(TG) concentration, low HDL cholesterol concentration 

and increased concentration of LDL-cholesterol 

particles, which has been attributed to increased free 

fatty acid flux (lipogenesis) that is secondary to insulin 

deficiency and insulin resistance (Chen and Tseng, 

2013; Firdous, 2014).  
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Hyperglycaemia in diabetes mellitus is one of the most 

important factors responsible for the development of 

oxidative stress, which underlies the major 

complications in diabetes mellitus patients (Vicentini et 

al., 2011; Aly and Mantawy, 2012). In the 

hyperglycaemic state, sugars react with lipids and 

proteins which results in the generation of reactive 

oxygen species (ROS) (Palmeira et al., 2001). The ROS 

enhance lipid peroxidation (Griesmacher et al., 1995) 

and causes damage to cells, tissues and biomolecules, 

thus contributing to diabetic complications (Mahmoud, 

2015). Advanced glycation end products (AGEs) are a 

heterogeneous group of molecules formed from non-

enzymatic reaction of reducing sugars 

(monosaccharides) with amino group of proteins, 

lipids, and nucleic acids. The AGEs interact with their 

cellular receptor “receptor for AGEs” (RAGE) and 

activates nuclear factor kappa-B (NF-κβ), generating 

ROS. NF-κβ increases the gene expression of 

cytokines, known to activate NADPH-oxidase, which 

generates ROS.  These cytokines include interleukins 

(IL-1, IL-6, IL-8) and tumor necrosis factor-α). NF-κβ 

also increase the gene expression of adhesion 

molecules, including vascular cell adhesion molecules-

1 (VCAM-1) and intercellular adhesion molecule-1 

(ICAM-1). Glycation and oxidative stress are closely 

linked and are often referred to as "glycoxidation" 

processes. (Bucala and Cerami, 1992; Yan et al., 1994; 

Kailash and Indu 2014).  

Soya beans belongs to the legume family and 

represents an excellent source of high quality protein, 

great amount of fibers, phytosterols including 

isoflavones, with a low content in saturated fat. Its 

isoflavone content makes it singular among other 

legumes (Hamada et al., 2002; Ren et al., 2006; Asif 

and Acharya, 2013). Soya bean have received increased 

attention as a functional food due to their beneficial 

physiological effects in controlling and preventing a 

wide variety of chronic and degenerative diseases (Sada 

et al., 2013; Ahmad et al., 2014). Hence, this research 

study was aimed at evaluating the effects of fermented 

soya beans supplements on lipid profile and oxidative 

stress biomarkers in high fat diet-induced diabetes in 

rabbits. 

 

MATERIALS AND METHODS:  

All chemicals used were of analytical grade: 

(Cholesterol: Kem Light Laboratories Pvt Ltd., 

Mumbai, India), digital glucometer and strips 

(Accucheck advantage, Boche Diagnostic, Company). 

 
Experimental Animals Twenty (20) rabbits of both 

sexes weighing between 1kg – 2kg were used for the 

study. The rabbits were handled in accordance with the 

principles guiding the use and handling of experimental 

animals, ABU, Zaria. Ethical approval was obtained, 

with Approval No: ABUCAUC/2017/035. The animals 

were fasted from feeds overnight for 12 hours prior to 

commencement of the experiment but allowed water ad 

libitum.  
 

Experimental Induction and Determination of Diabetes 

Mellitus  

Diabetes was induced by feeding the animals with a 

high fat diet (2% cholesterol, 20% groundnut meal 10% 

groundnut oil) for eight weeks. After eight weeks of 

feeding with the high fat diet, blood samples were 

collected from the rabbits and tested for 

hyperglycaemia using the glucose oxidase method 

(Beach and Turner, 1958), and by means of   a digital 

glucometer. Rabbits having fasting blood glucose levels 

of 7.2 mmol/L and above were selected for the study. 
  
Experimental design  

The animals were grouped into four groups of five 

rabbits each as follows: Group 1 (diabetic control), 

received distilled water orally for six weeks; Group 2 

(diabetic rabbits) were fed with 12.5% fermented soya 

beans supplement for six weeks; Group 3 (diabetic 

rabbits) were fed with 25% fermented soya beans 

supplement for six weeks; Group 4 (diabetic rabbits) 

were fed with 50% fermented soya beans supplement 

for six weeks.  
 

Collection and Preparation of Fermented Soya Bean 

Supplements 

The soya bean (variety, TGX-1448-2E) was purchased 

from Institute for Agricultural Research (IAR), 

Ahmadu Bello University, Zaria. The seeds were 

washed and soaked in a plastic container for forty-eight 

hours, with the water unchanged (fixed fermentation) 

(Uyoh et al., 2009). After fermentation, the seeds were 

drained, air dried, ground into fine granules and 

constituted into the 12.5%, 25% and 50% supplements 

with the normal animal feed (Grower’s mash from 

Vital Feeds Company Plc, Jos).  
 

Blood Sample Collection and Serum Preparation  

At the end of the six weeks treatment period, the rabbits 

were sacrificed by cervical dislocation and blood 

samples were collected from the animals through 

cardiac puncture for the determination of lipid profile. 

The blood was allowed to clot and the serum separated 

by centrifugation. 
 

Biochemical Estimations  

The sera were then used for the determination of total 

cholesterol by the method of Stein (1987), triglycerides  
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Table 1: Effect of fermented soya bean supplements on lipid profile in high fat diet– induced type 2 diabetes 

mellitus in rabbits 

 
Values are expressed as mean ± SEM; n = 5.  a: Value considered statistically significant when compared with control group (P 

≤ 0.05). SEM = Standard error of mean; HDL – High density lipoprotein, LDL - Low density lipoprotein, SY – Fermented 

soya bean supplement; n = Number of animals 

 

Table 2: Effect of fermented soya bean supplements on malondialdehyde and antioxidant biomarkers in 

high fat diet– induced type 2 diabetes mellitus in rabbits 

 
Values are expressed as mean ± SEM; n = 5. a: Value considered statistically significant when compared with control group (P 

≤ 0.05); SEM = Standard error of mean; MDA – Malondialdehyde; SOD – Superoxide dismutase; CAT – Catalase; GPx – 

Glutathione peroxidase; SY – Fermented soya bean supplement; n = Number of animals. 
 

 

by the method of Tietz (1990) and high-density 

lipoprotein (HDL) by the method of Wacnic and Albers 

(1978). These were determined spectrophotometrically, 

using enzymatic colometric assay kits. The serum level 

of low density lipoprotein (LDL) was measured 

according to the protocol of Friedewald et al., (1972) 

using the following equation: LDL-C = TC - (TG/5 + 

HDL-C). Glutathione peroxidase (GPx) was estimated 

by the method of Avissar et al., (1994), superoxide 

dismutase (SOD) by the method of Martin et al., 

(1987), catalase (CAT) by the method of Beers and 

Sizer (1952) and malondialdehyde (MDA) according to 

the method described by Janero (1990). 

 

Statistical Analysis  

Data obtained from the study were expressed as mean ± 

SEM. Statistical comparisons were performed by one-

way analysis of variance (ANOVA). The results were 

considered statistically significant if P ≤ 0.05. 

 

DISCUSSION 

Dyslipidaemia is common in both insulin deficiency 

and insulin resistance, which affects enzymes and 

pathways of lipid metabolism. It is a major risk factor 

for cardiovascular diseases which is currently a leading 

cause of morbidity and mortality worldwide (Yadav et 

al., 2007). The result of the present study showed a 

significant increase in total cholesterol concentration in 

the group fed 12.5% fermented soya bean supplement 

when compared with the diabetic untreated control 

group. Though a decrease was observed in the groups 

fed 25% and 50% fermented soya bean supplements, 

the decrease was not statistically significant. However, 

long-term supplementation with 25% and 50% may 

ensure that the decrease in total cholesterol is 

biologically relevant and hence clinically useful to the 

diabetic patient. 

The result also showed a significant decrease in LDL 

concentration in the group fed 50% fermented soya 

bean supplement when compared with the untreated 

diabetic control group. Many nutritional factors such as 

isoflavones, saponins and tannins have been reported to 

contribute to the ability of plant derived medicines to 

improve dyslipidaemia (Nimenibo-Uadia, 2003; Rotimi 

et al., 2011). Soya bean proteins especially glycinin and 

β-conglycinin may be responsible for the decrease in 

cholesterol concentration by causing an increase in bile 

acid production and excretion via faeces (Kim et al., 
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1980; Beynen, 1990; Ferreira et al., 2010), leading to a 

shift in hepatic cholesterol system to provide more 

cholesterol for the bile acid deficit; and at the same 

time, causing increased LDL receptor activity; with the 

whole mechanism leading to a reduction in total blood 

cholesterol concentration (Tanaka et al., 1984). 

Peptides from protein hydrolysates (due to their 

hydrophobicity) have high binding ability with bile acid 

and greatly reduce the cholesterol concentration by 

restricting the reabsorption of the bile acid in the ileum 

(Iwami et al., 1986) and the Jejunum (Nagaoka et al., 

1997); inhibiting the micelles solubility of cholesterol 

and ultimately causing the reduction in the cholesterol 

absorption. This is achieved by the direct interaction of 

the cholesterol mixed micelles and soya bean protein 

peptic hydrolysates with the bound phospholipids in the 

jejunal epithelia (Nagaoka et al., 1997). Soya proteins 

also have a direct effect on the hepatic metabolism of 

cholesterol (Nagaoka et al., 1997). Besides soya 

proteins, soya isoflavones were also reported to 

decrease the plasma cholesterol by arresting the hepatic 

assembly as well as by inhibiting the secretion of apo 

B- containing lipoproteins (Borradaile et al., 2002). 

The increase in total cholesterol observed in the group 

fed 12.5% fermented soya bean supplement could be 

due to the lower percentage supplementation and may 

probably suggest that higher amount of the soya bean 

supplementation provides a better cholesterol lowering 

effect as seen by the dose dependent decrease in the 

25% and 50% supplements.  

Low serum triacylglycerides (TGs) has been reported to 

reduce the risk of CVDs, while high serum level of TGs 

is classified as an independent predictor of CVDs 

(Chen and Tseng, 2013). The result of the present study 

showed a significant decrease in the triacylglyceride 

concentration in the groups fed 12.5% and 50% 

fermented soya bean supplements. The decrease in the 

triacylglyceride concentration was more with the 50% 

supplement, indicating a better therapeutic benefit with 

the consumption of higher percentage of the fermented 

soya beans. About 30% of blood cholesterol is carried 

in the form of HDL-C. HDL-C function to remove 

cholesterol atheroma within arteries and transport it 

back to the liver for its excretion or reutilization, thus 

high levels of HDL-C protect against cardiovascular 

diseases (Kwiterovich, 2000; James et al., 2010). The 

result of this study showed a statistically significant 

increase in HDL-C level in all the treated groups 

compared with the untreated diabetic control group, 

which confirms the protective effect of soya beans 

against hyperlipidaemia. These findings are in 

agreement with the result of Sartang et al., (2015) who 

reported that fermented soy milk decreased total 

cholesterol and triacylglyceride concentrations, and 

increased HDL concentration in diabetic rats. 

The present study showed a significant decrease in 

MDA levels in the fermented soya bean supplemented 

groups when compared with the untreated diabetic 

control group, indicating reduced lipid peroxidation in 

the treated groups. The antioxidant enzymes (SOD and 

CAT) were significantly decreased with the 12.5% and 

25% supplementation when compared with the 

untreated diabetic control group. Their levels were 

however, increased in the 50% supplemented group, 

though not statistically significant. GPx showed no 

significant difference between all the groups, although 

slight decreases were observed in all the treated groups 

when compared with the untreated diabetic control 

group. 

The antioxidant enzymes (SOD, CAT and GPx) form 

the first line of defence against ROS in an organism. 

They play an important role in scavenging the toxic 

intermediates of incomplete oxidation. The SOD 

catalyses the dismutation of superoxide anion into 

hydrogen peroxide (H2O2), which is then degraded to 

water (H2O) by CAT or GPx. The decrease in the 

antioxidant enzyme levels seen in this study might 

therefore be due to the enzymes utilization in 

alleviating the oxidative stress, seen as decrease in the 

level of MDA. The antioxidant activities of soymilk 

and fermented soymilk have been observed in other 

studies (Seo et al., 2009 and Sartang et al., 2015), 

which were attributed to soya isoflavones, soya protein, 

and saponins (Esaki et al., 1998). The increase in the 

antioxidant enzymes SOD and CAT in the groups fed 

50% fermented soya bean supplements may be due to 

upregulation of the endogenous antioxidant enzymes 

activities by fermented soya bean supplements. This 

imply that higher percentage of fermented soya bean 

supplementation is able to stimulate increased SOD and 

CAT levels, and hence scavenging capacity for ROS; 

thus providing higher protection against oxidative 

damage induced by diabetes.  

 
CONCLUSION 

The results of this study show that fermented soya bean 

supplementation decreases serum cholesterol, serum 

triglyceride and serum LDL concentrations, and 

increase serum HDL concentration, when compared 

with the diabetic control.  

This shows the efficacy of fermented soya bean 

supplement as an anti-lipidaemic and antioxidant food 

that abates diabetes related cardiovascular 

complications caused by hyperlipidaemia and oxidative 

stress. 

 

76



Soya bean, high fat diet and Type 2 diabetes mellitus in rabbits 

 

J. Afr. Ass. Physiol. Sci. 6 (1): 2018    Sada et al. 

 

 

REFERENCES 

Ahmad, A., Hayat, I., Arif, S., Masud, T., Khalid, N. 

and Ahmed, A. (2014). Mechanisms involved in the 

therapeutic effects of soybean (glycine max). 

International Journal of Food Properties, 17, 1332–

1354. 

American Diabetes Association (ADA) (2006). 

Diagnosis and Classification of Diabetes Mellitus. 

Diabetes Care, 29 (1), S43-S48. 

Asif, M. and Acharya, M. (2013). Phytochemicals and 

nutritional health benefits of soy plant. International 

Journal of Nutrition, Pharmacology and 

Neurological Diseases, 3, 64-9. 

Avissar, N., Eisenmann, C. and Breen, J. G. (1994). 

Human placenta makes extracellular glutathione 

peroxidase and secretes it into maternal circulation. 

American Journal of Physiology, 267, 68-76. 

Beach, E. F. and Tuner, J. J. (1958). An enzymatic 

method for glucose determination uptake in body 

fluids. Clinical Chemistry, 4, 462 – 468.  

Beers, R. F. and Sizer, I. W. (1952). A 

spectrophotometric method for measuring the 

breakdown of hydrogen peroxide by catalase. 

Journal of Biological chemistry, 195, 133-140.  

Beynen, A. C. (1990). Comparison of the mechanism 

proposed to explain the hypocholesterolemic effect of 

soybean protein versus casein in experimental 

animals. Journal of Nutrition Science and 

Vitomology 36, 87–97. 

Borradaile, M. N., De Dreu, L. E., Wilcox, L. J., 

Edwards, J. Y. and Huff, M. W. (2002). Soya 

phytoestrogens, genistein and diadzein, decrease 

apolipoprotein B secretion from HepG2 cells through 

multiple mechanisms. Journal of Biochemistry, 366, 

531–539. 

Bucala, R. and Cerami, A. (1992). Advanced 

glycosylation: chemistry, biology, and implications 

for diabetes and aging. Advances in Pharmacology, 

23, 1–34.  

Chen, H. and Tseng, C. (2013). The Role of 

Triglyceride in Cardiovascular Disease in Asian 

Patients with Type 2 Diabetes. A Systematic Review 

of Diabetic Studies, 10, 101-109. 

Esaki, H., Onozaki, H., Morimitsu, Y., Kawakishi, S. 

and Osawa, T. (1998). Potent antioxidative 

isoflavones isolated from soybeans fermented with 

Aspergillus saitoi. Bioscience, Biotechnology 

andBiochemistry, 62 (4), 740–746. 

Ferreira, E. D. Silva, M. A., Demonte, A. And Neves, 

V. A. (2011). Soy β-Conglycinin (7S Globulin) 

Reduces Plasma and Liver Cholesterol in Rats Fed 

Hypercholesterolemic Diet. Journal of Medicinal 

Food, 14 (1/2), 94–100. 

Firdous, S. (2014). Correlation of CRP, Fasting Serum 

Triglycerides and Obesity as Cardiovascular Risk 

Factors. Journal of the College of Physicians and 

Surgeons Pakistan, 24 (5), 308-313. 

Friedewald, W. T., Levy, R. and Fradrickson, D. S. 

(1972). Estimation of concentration of low density 

lipoprotein cholesterol in plasma without the use of 

preparative ultracentrifugation. Clinical Chemistry, 

19, 449-452. 

Hamada, G. S., Kowalski, L. P., Nishmoto, I. N., 

Rodrigues, J. J .G., Riya, K., Sasuki, S., Hanaoka, T., 

Tsugane, S. and Asai, M. (2002). Risk factors for 

stomach cancer in Brazil (II): A case-control study 

among Japanese Brazilians in Sao Paulo. Japanese 

Journal of Clinical Oncology, 32, 284–290. 

Iwami, K., Sakakibara, K. and Ibuki, F. (1986) 

Involvement of post-digestion hydrophobic peptides 

in plasma cholesterol-lowering effect of dietary plant 

proteins. Agricultural and Biological Chemistry, 50, 

1217–1222. 

James, D. B., Owolabi, O. A., Ibrahim, A. B., 

Folorunsho, D. F., Bwalla, I. and Akanta, F. (2010). 

Changes in lipid profile of aqueous and Ethanolic 

extract of Blighia sapida in rats. Asian Journal of 

Medical Sciences, 2 (4), 177- 180. 

Janero, D. R. (1990). Malondialdehyde and 

thiobarbituric acid - reactivity as diagnostic indices 

of lipid peroxidation and peroxidative tissue injury. 

Free radical Biology and Medicine, 9, 515-540. 

Kailash, P. and Indu, D. (2014). Oxidative Stress as a 

Mechanism of Added Sugar-Induced Cardiovascular 

Disease. The International Journal of Angiology, 23 

(4), 217–226. 

Kim, D. N., Lee, K. T., Reiner, J. M. and Thomas, W. 

A. (1980). Increased steroid excretion in swine fed 

high-fat, high-cholesterol diet with soy protein. 

Experimental Molecular Pathology, 33, 25–35. 

Kwiterovich, P. O. (2000). The metabolic pathways of 

high-density lipoprotein, low density lipoprotein and 

triglycerides: a current review. The American Journal 

of cardiology, 86 (12), 5L-10L. 

Martin, J. P., Dailey, M. and Sugarman, E. (1987). 

Negative and positive assays of superoxide dismutase 

based on haematoxylin autoxidation. Archives of 

Biochemistry and Biophysics, 255, 329-336. 

Nagaoka, S., Awano, T., Nagata, N., Masaoka, M., 

Hori, G. and Hashimoto, K. (1997). Serum 

cholesterol reduction and cholesterol absorption 

inhibition in Caco-2 cells by a soy protein peptic 

hydrolysate. Bioscience Biotechnology and 

Biochemistry, 61, 354–356. 

Nimenibo-uadia, R. (2003). Effect of aqueous extract 

of Canavalia ensiformis seeds on hyperlipidaemia 

77



Soya bean, high fat diet and Type 2 diabetes mellitus in rabbits 

 

J. Afr. Ass. Physiol. Sci. 6 (1): 2018    Sada et al. 

 

 

and hyperketonaemia in Alloxan-induced diabetic 

rats. Biokemistri, 15, 7-15. 

Ren, H., Liu, H., Endo, H., Takagi, Y. and Hayashi, T. 

(2006). Antimutagenic and anti-oxidative activities 

found in Chinese traditional soybean fermented 

products fufu. Food Chemistry95, 71–76.  

Rotimi, S. O., Omotosho, O. E. and Roimi, O. A. 

(2011). Persistence of acidosis in Alloxan induced 

diabetic rats treated with the juice of Asystasia 

gangetica leaves. Pharmacognosy Magazine, 7, 25-

30. 

Sada, N. M., Tanko, Y. and Mabrouk M. A. (2013). 

Effect of soya beans supplements on lipid profile and 

liver enzymes on Alloxan induced diabetic Wistar 

rats. European Journal of Experimental Biology, 3 

(2), 52 -67. 

Sartang, M. M., Mazloomi S. M., Tanideh, N. and 

Zadeh, A. R. (2015). The effect of probiotic soymilk 

fortified with omega-3 on blood glucose, lipid 

profile, haematological, oxidative stress and 

inflammatory parameters in streptozocin 

nicotinamide- induced diabetic rats. Hindawi: 

Journal of Diabetes Research, 2015, 696372. 

Seo, K. C., Kim, M. J., Kwon, M. J., Kim, H. J., Noh, 

J. S. and Song, Y. O. (2009). Antioxidative activities 

of soymilk fermented with Bacillus subtilis. Food 

Science and Biotechnology, 18 (5), 1298–1300. 

Stein, E. A. (1987). Lipids, lipoproteins and 

apolipoproteins, in; Tietz, N. W. (Ed). Fundamentals 

of Clinical Chemistry. 3rd Edition, W. B. Saunders 

Philadelphia, pp, 470- 479. 

Tanaka, K., Aso, B. and Sugano, M. (1984). Biliary 

steroid excretion in rats fed soybean protein and 

casein or their amino acid mixtures. Journal of 

Nutrition, 114, 26–32. 

Tietz, N. W. (1990). Clinical Guide to Laboratory Test, 

Second Edition. W. B. Saunders Company, 

Philadelphia, U. S. A. pp, 554-556. 

Uyoh, E. A., Ntui, V. O. and Udoma, N. N. (2009). 

Effect of local cassava fermentation methods on 

some physiochemical and sensory properties of fufu. 

Pakistan Journal of Nutrition, 8(8): 1123-1125. 

Wacnic, R. G. and Albers, J. J. (1978). A 

comprehensive evaluation of the heparin manganese 

precipitation procedure for estimating high density 

lipoprotein cholesterol. Journal of Lipid Research, 

19, 65-76. 

World Health Organization (WHO) (2016). Global 

report on diabetes, 2016. (http://www.who.int). 

Yadav, H., Jain, S. and Sinha, P. (2007).Antidiabetic 

effect of probiotic dahi containing Lactobacillus 

acidophilus and Lactobacillus casei in high fructose 

fed rats. Nutrients, 23, 62–68. 

Yan, S. D., Schmidt, A. M., Anderson, G. M., Zhang, 

J., Brett, J., Zou, Y. S., Pinsky, D. and Stern, D. 

(1994). Enhanced cellular oxidant stress by the 

interaction of advanced glycation end products with 

their receptors/binding proteins. The Journal of 

Biological Chemistry, 269 (13), 9889–9897.  

78

http://www.who.int/

