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Abstract: Purpose: To investigate the effect of turmeric supplement (T), fermented milk with Probiotic strain 

Bifidobacterium lactis DN-173 010 (P), a combination of (T+P) on glycemia, lipidemia, and oxidative status in 

streptozotocin–induced diabetic rats.Materials and methods: Thirty male albino diabetic rats were fed a normal diet and 

divided to groups (n=6/group) according to the following treatments for 45 days: Turmeric (T) (225mg/kg/d), fermented 

milk Probiotics (P) (0.5ml/kg/d), Turmeric-Probiotics combination (T+ P) (225mg/kg/d + 0.5ml/kg/d), Oral hypoglycemic 

agent (OHA) (0.5 ml of glibenclamide; 450 µg/kg/day), and non-treated (DM). Blood glucose and glycayted hemoglobin 

were determined after diabetes induction and at the end of experiment. Serum insulin, total cholesterol (TC), LDL-C, 

HDL-C, TG, malondialdehyde (MDA), and total antioxidant capacity (TOAC) biomarker of oxidative stress were 

determined at the end of experiment. Results: All treatments resulted in a decrease in glucose and HbA1C compared to 

pretreatment. No difference in insulin concentration was observed. Serum TC was reduced by (T), while LDL-C decreased 

with (T) and (T+P) treatments. HDL-C was elevated with all treatments compared to control and (OHA) groups. MDA 

decreased with all treatments. TOAC was elevated with (T) and (T+P) but not with (P) treatment. Conclusion: 

Administration of Turmeric, Probiotics, and T+P combination were capable in attenuating hyperglycemia, dyslipidemia and 

oxidative stress initiated by STZ. However, (T) and (T+P) exerted a more potent hypolipidemic, and antioxidative effect 

compared to (P) alone. 
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1. Introduction 

Diabetes is associated with diverse chronic cardio and 

micro-vascular complications as a result of oxidative stress. 

The increased oxidative stress in type 2 diabetes is a 

consequence of several abnormalities, including 

hyperglycemia, insulin resistance, hyperinsulinemia, and 

dyslipidemia, each of which contributes to mitochondrial 

superoxide overproduction in endothelial cells of large and 

small vessels as well as the myocardium.[1]   

A large number of studies is in progress to identify 

natural substances that are effective in reducing those 

complications associated with type 2 diabetes since insulin 

and oral hypoglycemic drugs possess undesirable side 

effects. Spices that are consumed as food adjuncts to 

enhance sensory quality of foods also possess several 

medicinal properties and hence find application in the 

indigenous systems of medicine.[2] Extensive research has 

shown that the activity of turmeric is due to Curcuminoids, 

a group of phenolic compounds (mainly diferuloylmethane) 

isolated from the roots of Curcuma longa (Zingiberaceae), 

that exhibit a variety of beneficial effects on health which 

help in preventing certain diseases.[3] Curcumin’s potential 

as a hypoglycemic agent has been studied in animals and 

humans but with conflicting results.[4,5] Curcumin has 

been documented to have pronounced hypolipidemic 

influence in a variety of experimental animal systems. 

Babu and Srinivasan, (1997) and Srinivasan and 

Manjunatha, (2007) showed hypolipidemic and antioxidant 

effects of curcumin (0.2%, wt/wt) in high-fat (30%) fed 

rats.[6,7] The antioxidative potency of Curcumin was 

demonstrated in several animal studies.[8-10]  

Another functional food that has recently been 

undergoing much investigation as far as its effect on 

metabolic diseases is Probiotics. Probiotics are defined as 

live micro organisms which when administered in adequate 

amounts confer a health benefit on the host.[11] One type 

of probiotics, Lactic acid bacteria (LAB), especially 
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lactobacilli has been shown to promote beneficial effects in 

health including anti-cholesterol, antidiabetic, 

antipathogenic properties, and stimulation of the immune 

system.[12] Lactobacilli are frequently used in products for 

human consumption and can be found as probiotics in 

infant foods, cultured milks, and various pharmaceutical 

preparations.[12-14] Supplementing the diet with 

fermented dairy products or lactic acid bacteria containing 

dairy products has been shown to reduce serum cholesterol 

levels, as suggested by the results of several human and 

animal studies.[15] Activia® is fermented milk 

manufactured with lactic cultures including yoghurt starter 

cultures (Lactobacillus bulgaricus and Streptococcus 

thermophilus) and a specific probiotic strain, 

Bifidobacterium lactis DN-173 010. Studies have recently 

indicated the role of Probiotics in the modulation of gut 

microbiota in diabetes conferring a beneficial effect.[16] It 

is hypothesized that the administration of Probiotics with 

Turmeric might further enhance the health of diabetic 

patients when ingested together rather than administration 

of each functional product by itself.  

2. Materials and Methods 

2.1. Animals 

Healthy adult male albino Wistar rats (n=30), with a mean 

weight (200 ± 12.34 - 250 ± 21.34) grams bred in the animal 

house at King Fahd Medical Research Center (KFMRC), 

Jeddah, Saudi Arabia were used. All experiments were 

approved by the (KFMRC) ethical committee. Animals were 

housed in polycarbonate cages in a room with a 12 h 

day–night cycle, temperature of 24±2 °C, humidity of 

50–60%. During the experimental period all groups were 

maintained on a standard commercial diet (Grain Silos and 

Flour Mills Organization, KSA) (GSFMO), comprised of 

wheat starch, casein, soybean oil, cellulose, with mineral 

and vitamin combinations. The percentage of energy 

supplied by each macronutrient in the diet was as follows: 

66% carbohydrates, 25% protein, and 9% fat. Animals were 

allowed access to feed and water ad libitum. Fermented milk 

(Activia®, Danone Co.) containing the Probiotic strain 

Bifidobacterium lactis DN-173 010 was purchased from a 

local store. 

Induction of diabetes was performed by intraperitoneal 

injection (i.p) of a single dose of Streptozotocin (65 mg/kg) 

dissolved in 0.01 M citrate buffer (pH 4.5) immediately 

before use. After 72 hours, fasting blood glucose was 

monitored from the tail vein using a glucometer (Bayer 

ContourTM, USA). Animals having blood glucose levels <7 

mmol/L were excluded from the experiment. Rats were 

randomly divided into five groups; group (1): DM rats 

treated with Turmeric supplement (DM+T; 225 mg/kg/day; 

n=6). Each tablet supplement contains 450 mg curcuminoids 

+ 50 mg turmeric root  (Nature’s Way Products Inc., 

Springville Utah, USA), group (2): DM rats treated with an 

oral daily dose (0.5 ml/kg/day Activia fermented milk 

containing Bifidobacterium lactis DN-173 010 Probiotics 

(DM+P; n=6), group (3): DM rats treated with a daily oral 

dose of (225 mg/kg/day Turmeric supplement with 0.5 

ml/kg/day of Activia fermented milk) (DM+T+P; n=6), 

group (4): DM rats treated with a daily oral dose of 0.5 ml of 

oral hypoglycemic agent (glibenclamide; 450 µg/kg/day) 

(DM+OHA, n=6), group (5): DM control untreated group 

(DM, n=6). Treatments were administered for 45 days after 

which animals were deprived for 12 hours from food. Before 

excision animals were anesthetized using diethyl ether. 

Blood samples were collected from the retro orbital plexus 

with capillary tubes. Serum was separated by centrifuge at 

3000 r.p.m for 15 minutes and aliquots were stored at –80ºC 

until biochemical analysis.   

2.2. Biochemical Analysis 

Fasting blood glucose was determined from the tail vein 

using a glucometer (Bayer ContourTM, USA) according to 

the method reported by Tonyushkina & Nichols (2009).[17] 

Glycated hemoglobin (HbA1C) was determined in whole 

blood by fast ion-exchange resin method as described by 

Nuttall (1998).[18] Serum total cholesterol (TC), high 

density lipoprotein–Cholesterol (HDL-C), and triglycerides 

(TG) were assessed using enzymatic colorimetric method as 

described by Schettler and Nussel (1975), Izawa, et al., 

(1997), and Fassati and Prencipe (1982) respectively.[19-21] 

Low density lipoprotein–Cholesterol (LDL-C) was 

calculated using Friedewald formula (1972).[22] 

Malondialdehyde (MDA) and total antioxidant capacity 

(TOAC) were determined colorimetrically according to the 

method of Ohkawa et al., (1979) , and Koracevic et al., 

(2001) respectively.[23,24] Insulin was determined using 

enzyme-linked Immunosorbent assay (ELISA) according to 

the method of Eastham (1985).[25] 

2.3. Statistical Methods 

The statistical package SPSS version 16 (SPSS, Chicago, 

IL, USA) was used to perform the statistical analysis. The 

mean and standard error of the mean (SEM) were 

determined for each biomarker. One- way ANOVA with 

subsequent post-hoc multiple comparisons tests (Tamhane 

and LSD) were performed to verify the statistical 

significance of the studied parameters. Probability values 

lower than 0.05 (p< 0.05) were accepted for statistical 

significance. 

3. Results 

3.1. Body weight 

At the beginning of the experiment, the range of mean 

body weights ± SD was (200 ± 12.34 - 250 ± 21.34 gm). All 

animals gained weight at a similar rate and mean body 

weights ± SD were in the range (287.70 ± 14.72- 339.20 ± 

34.27 gm) at the end of the experiment (Data not shown). No 

significant difference in body weight gain was observed 

between groups at the end of intervention.  
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3.2. Effect of Treatments on Glycemic Control 

The ANOVA test showed no significant difference in 

glucose, glycated hemoglobin (HbA1C), and insulin 

between groups. The data in table (1) indicates that the 

administration of all types of treatments: Turmeric, 

Probiotics, and Turmeric-Probiotics combination resulted in 

a lower mean ± SD glucose concentration than the control 

DM group, even though the difference was not significant. 

The mean ± SD concentrations of HbA1C and insulin of rats 

given different treatments did not differ significantly from 

that of OHA and DM control group.  

Table 1. Mean serum concentrations of fasting glucose, glycated 

hemoglobin and insulin at the end of the experiment  

Treatment 

Group 
FBG (mmol/L) % HbA1C 

INSULIN 

(ng/ml) 

Turmeric 12.53±0.42 7.14 ± 0.07 2.08 ± 0.17 

Probiotics 14.04 ± 2.45 7.84 ± 0.17 3.46 ± 1.15 

T+P 15.63 ± 0.49 7.53 ± 0.11 2.15 ± 0.28 

OHA 12.95 ± 2.53 7.29 ± 0.17 3.04 ± 0.88 

DM Control 19.20 ± 5.14 7.65 ± 0.69 2.53 ± 2.07 

Data represent Mean ± SD. Abbreviations: FBS = fasting blood glucose, 

HbA1C= Glycated hemoglobin, OHA= Oral hypoglycemic agent. 

Table 2 Mean serum concentrations of lipid profile at the end of the experiment 

Treatment Group CHOL (mg/dl) HDL-C (mg/dl) LDL-C (mg/dl) TG (mg/dl) 

Turmeric 91.80± 2.88 (.03)* 
41.34 ± 3.61 

(.03)*, (.02) **, (.005) *b 

28.78± 2.58 

(p=0.04) *a, (.004) * 
172.95± 7.14 

Probiotics 
113.39± 

13.25 

42.28 ± 4.70 

(.02)*(.02)**, (.01)*a 

41.58± 5.94 

*a(p=0.04), *b (p=0.03) 
120.05± 7.94 

T + 

Probiotics 

97.24± 

2.17 

55.42 ± 3.04 

(.01)*a, (.000) *, (0.005) *b 

29.28± 3.00 

(.006) *, (p=0.03) *b 
131.04 ±10.86 

OHA 
87.83 

±12.51 

30.50 ± 5.03 

(.02) ** 
31.67±11.03 128.33± 36.26 

DM Control 
108.17 

±6.67 (.03)* 

31.01 ± 4.50 

*(.02),*(.03), * (.000) 

47.15 ±8.68 

*(.004), *(.006) 
150.00 ±18.32 

Data represent Mean ± SD. * The mean difference is significant at the 0.05 level compared to DM, ** compared to OHA, * a, *b The mean difference 

between treatments is significant at the 0.05 level. Abbreviations: TC= Total cholesterol, HDL-C= High-density lipoprotein cholesterol, LDL-C= 

Low-density lipoprotein cholesterol, TG= Triglycerides, OHA= Oral hypoglycemic agent. 

3.3. Effect of Treatments on Lipid Profile 

The ANOVA test indicated a significant difference in 

total cholesterol (TC), Low-density lipoprotein (LDL-C), 

and high-density lipoprotein (HDL-C) concentrations 

between groups at the end of the experiment. As table (2) 

indicates, the concentration of total cholesterol (TC) 

decreased significantly in the Turmeric (T) treated group 

compared to the DM control group (p=0.03). Low-density 

lipoprotein (LDL-C) concentration was also significantly 

lower in both the T and T+P groups compared to the DM 

group (p=0.004, p=0.006) respectively. Moreover, LDL-C 

was significantly lower in both the T, and T+P groups than 

that of the P group (p=0.04, p=0.03) respectively. 

High-density lipoprotein (HDL-C) concentration was 

significantly elevated in the T, P, and T+P groups compared 

to DM control group (p=0.03, 0.02, p< 0.001 respectively). 

Also, treatment with T, and P resulted in significantly higher 

HDL-C levels (p= 0.02) compared to the OHA group. 

High-density lipoprotein was significantly higher in T+P 

group compared to both the Turmeric (p=0.005) and 

Probiotics (p=0.01) groups. No significant differences were 

observed in triglyceride (TG) concentration between 

treatment groups, or between treatment groups and OHA, or 

between treatment groups and the DM control group.  

3.4. Effect of Treatments on Oxidative Stress 

The ANOVA test indicated a significant difference in the 

concentrations of both biomarkers of oxidative stress 

compared to DM control group at the end of the 

experiment. 

Malondialdehyde (MDA) concentration was significantly 

reduced in all treatment groups (T, p=0.04) (P, p=0.033) and 

(T+P, p= 0.04) compared to the DM control group (figure 1). 

On the other hand, the total antioxidant capacity (TOAC) 

was significantly elevated in the T and T+P groups (p< 

0.001) compared to OHA and DM control group (figure 2). 

However, TOAC concentration was lower in the P group 

compared to the T group (p=0.02). 

 

Figure 1 Effect of treatments on lipid peroxidation (MDA).* the mean 

difference is significant at the 0.05 level compared to DM. Abbreviations: 

DM=Diabetes Mellitus control, Prob= probiotic, TURM+PROB= 

Turmeric + probiotic, OHA= Oral hypoglycemic agent. 
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Figure 2 Effect of treatments on oxidative stress (TOAC) * the mean 

difference is significant at the 0.05 level compared to DM, ** the mean 

difference is significant at the 0.05 level compared to OHA, * a, the mean 

difference between treatments is significant at the 0.05 level.. 

Abbreviations: DM=Diabetes Mellitus control, Prob= probiotic, 

TURM+PROB= Turmeric + probiotic, OHA= Oral hypoglycemic agent. 

4. Discussion 

Management of diabetes without any side effects is still a 

challenge to the medical system. Studies in animals and 

short-term human studies have suggested that Curcumin, the 

polyphenolic concentrated compound in turmeric, improved 

glycemic, hypolipidemic and antioxidative effects in type 2 

diabetes. [26, 27] 

In this study, the administration of 225mg/kg/day of 

Turmeric supplement, Probiotics, and the 

Turmeric-Probiotics combination to STZ-diabetic rats for 45 

days, improved the glycemic state as indicated by the 

reduction in fasting blood glucose and HbA1C at the end of 

the experiment compared to pre-treatment levels. Moreover, 

the levels of glucose and HbA1C were lower in the T and P 

treatment groups compared to the OHA and the DM control 

groups, at the end of the experiment, but not in the T+P 

group. Although this reduction was not significant, however, 

it suggests a beneficial glycemic regulatory effect exerted by 

such treatments. Fujiwara  et al., (2008) studied Curcumin 

effect on hepatic glucose production, and reported  that the 

anti-diabetic effects of Curcumin are partly due to a 

reduction in hepatic glucose production.[28] Similarly, the 

study of Pari and Murugan, (2007) indicated a significant 

reduction in blood glucose in STZ -diabetic rats fed 80 

mg/kg tetrahydrocurcuminoids.[26] Comparing two doses 

of Turmeric supplementation (30mg/kg, 300mg/kg) 

Rungseesantivanon et al., (2010) showed that (30 mg/kg) 

resulted in significantly lower levels of HbA1C compared to 

DM group, while the higher dose (300mg/kg ) resulted in 

only a 32% decrease in plasma glucose.[5] Shehzad et al., 

(2011) pointed out that the interactions of curcumin with 

several signal transduction pathways reverse insulin 

resistance, hyperglycemia, hyperlipidemia.[29] 

Treatment with probiotics has been suggested to have a 

potent effect in type 2 diabetes by improving the 

endogenous flora as previous studies suggest that 

modulating gut microbiota could be beneficial for improving 

glycemic control.[16] Al-Salami et al., (2008) have shown 

that probiotic treatment of diabetic rats given gliclazide, 

increased its bioavailability and lowered blood glucose 

levels by insulin-independent mechanisms, suggesting that 

the administration of probiotics may be beneficial as adjunct 

therapy in the treatment of diabetes.[30] Although the 

administration of Turmeric (T) and turmeric-probiotics 

combination (T+P) were capable of reducing serum glucose 

levels, it is apparent that Turmeric when given alone was 

more effective (p< 0.001) in attenuating serum glucose than 

T+P combination. The results might have been due to the 

low dose of probiotics administered in this study, since T+P 

treatment was capable of suppressing the rise in glucose and 

HbA1C levels caused by induction of diabetes before 

intervention. 

The non-significant difference observed in serum insulin 

levels between treatment groups and the OHA and DM 

control groups might indicate that either the dose or the 

duration of treatment was not sufficient to improve insulin 

secretion, or that STZ injection resulted in excessive and 

irreversible destruction of the beta cells of the pancreas. Pari 

and Murugan, (2007) observed a significant increase in 

plasma insulin in diabetic rats given tetrahydrocurcuminoids 

(THC) but not in those given Turmeric, indicating that THC 

possess an anti-diabetic effect.[26]  

There is sufficient evidence that Curcumin induces a 

hypolipidemic effect in type 2 diabetes primarily in animal 

models. Early studies on Curcumin have shown a decrease 

in total plasma cholesterol in mice, rats, and rabbits.[31-33] 

Results of this study indicate that treatment with 

225mg/kg/day of Turmeric, significantly lowered TC and 

LDL-C compared to DM control group. Although the TC 

level of the P or T+P treatments were not different to that of 

DM or OHA groups, however, T+P treatment was capable 

of reducing LDL-C level significantly compared to DM 

group. This suggests that both T and T+P treatments exerted 

a hypolipidemic effect, while treatment with Probiotics 

alone did not. On the other hand, all treatments did not cause 

significant change in TG levels compared to DM control or 

OHA groups. These results are partially consistent with the 

study of Jang, (2008) who reported a significantly lower 

levels of TC, and TG in high-fat fed hamsters treated with 

Curcumin (0.05-g/100-g diet), while HDL-C were 

elevated.[10] Also, Kempaiah and Srinivasan (2004) 

showed that rats fed HF diet (30%) with  Curcumin (0.2%) 

for  eight weeks  resulted in a hypotriglyceridemic 

effect.[9] The partial inconsistency in the findings of this 

study compared to the two mentioned studies might be 

interpreted by the difference in the physiological state of the 

animals, and the high-fat diet administered in those previous 

studies.  
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The significant elevation in HDL-C level observed in all 

treatment groups compared to the DM and OHA groups 

indicates a beneficial effect exerted by these treatments on 

the dyslipidemia associated with diabetes.  

One beneficial effect that has been suggested from human 

consumption of the lactobacillus (LAB) probiotics is a 

reduction in serum cholesterol levels, as suggested by the 

results of several human and animal studies. [15] This effect 

can partially be ascribed to an enzymatic deconjugation of 

bile acids. Cholesterol, being a precursor of bile acids, 

converts its molecules to bile acids replacing those lost 

during excretion leading to a reduction in serum 

cholesterol .[34] 

Unexpectedly, in this study the type of probiotics 

administered produced a non-significant effect in TC, 

LDL-C, and TG compared to the DM control group. This 

could be related to the type of probiotics strain used, or that 

the dose was not sufficient to exert a hypolipidemic effect. 

However, the rise in HDL-C accompanying the probiotics 

treatment could outweigh the null effect perceived with the 

other serum lipid components. Moreover, the lower level 

observed in the T group compared to the P group indicates 

that ingestion of Turmeric outperforms probiotics in 

regulating TC level. In accordance with our findings, 

Sadrzadeh-Yeganeh et al., (2010) reported no difference in 

TG and LDL-C, and a decrease in cholesterol in subjects 

who consumed both conventional and probiotic yoghurt 

groups compared with the control group, and an increase in 

HDL-cholesterol in the probiotic yoghurt group compared 

with the control group.[35] Thus, supplementation of 

different strains of probiotics indicate controversial results 

which might be related to the type of probiotics strain and/or 

the dose used.  

The induction of diabetes using Streptozotocin has been 

shown to cause increased generation of reactive oxygen 

species, and the majority of the beta cell damage is attributed 

to the extensive oxidative stress caused by STZ-induced 

depletion of free radical scavenging potential. [36] There is 

sufficient evidence that treatment with Curcumin 

ameliorates the oxidative stress induced by STZ. Several 

studies have shown increased lipid peroxidation in clinical 

and experimental diabetes. [37,8] 

In this study, significant differences in malondialdehyde 

level was observed in the STZ-diabetic groups treated with 

either T, P, or T+P combination, compared to the DM 

control group (p≤0.05). This indicates that all types of 

treatments were capable of reducing lipid peroxidation 

encountered in diabetes. In accordance with those results, 

Murugan and Pari, (2006) observed significant increases in 

antioxidant enzymes and lower Thiobarbituric acid reactive 

substances (TBARS) in STZ-diabetic rats fed THC at 80 

mg/kg body weight of for 45 days.[38] Similarly, Kempaiah 

and Srinivasan, (2004) reported that addition of Turmeric 

(0.2%) to HF (30%) diets rats fed 8weeks decreased lipid 

peroxidation and was effective in reducing oxidant stress.[9] 

In high-fat fed hamsters, treatment with Turmeric 

(0.05-g/100-g diet) significantly lowered the lipid peroxide 

levels in the erythrocyte and liver.[9]  Al-Suhaimi et al., 

(2011) explained that turmeric might exert its actions as a 

potent inhibitor of reactive oxygen species 

(ROS)-generating enzymes, which play an essential role in 

inflammation and progression of diseases.[39] 

In the present study, rats treated with either Turmeric, or 

T+P combination showed a significant increase in total 

antioxidant capacity (TOAC) compared to DM and OHA 

groups implying an anti-oxidative benefit of these 

treatments. Moreover, the T group showed significantly 

higher TOAC level than P alone. This might indicate that, 

for Probiotics to be able to promote an anti-oxidative benefit, 

it has to be ingested in combination with Turmeric which 

itself has an established evidence of anti-oxidative potential. 

Despite that, few studies have been conducted regarding the 

effect of Probiotics on oxidative stress, with controversial 

results reported in human studies. Whereas Fabian and 

Elmadfa, (2007) showed a significant decrease in the 

average TOAC and increased MDA values with the intake 

of probiotic (Lactobacillus casei) compared to conventional 

yoghurt,[40] another study on type 2 diabetic patients, 

indicated that consumption of probiotic yogurt compared to 

conventional yogurt for 6 weeks, increased antioxidant 

enzyme activities and total antioxidant status in the 

Probiotics compared with the control group.[35] These 

controversies imply the need for further studies on the 

anti-oxidative properties of different strains of probiotics.  

5. Conclusion  

The effect of Turmeric, Probiotics, and their combination 

on glucose homeostasis, dyslipidemia, and oxidative stress 

in STZ-diabetic rats showed a significant reduction in 

fasting blood glucose and HbA1c levels after 45 days of 

treatment indicating a beneficial effect in controlling 

hyperglycemia. Also, the reduction in TC and LDL-C 

caused by T and T+P supplements, and the elevation of 

HDL-C exerted by all treatments demonstrates their 

capability in ameliorating dyslipidemia. The significant 

reduction in MDA after T and T+P administration implies 

that both types of supplementations were effective in 

diminishing the rate of lipid peroxidation encountered in 

diabetes. In addition, the elevation of TOAC observed with 

all three types of supplementations further indicates their 

anti-oxidative potential, although T and T+P treatments 

demonstrated a more potent effect than Probiotics alone.  

Overall, while the three types of treatments exerted a 

hypoglycemic effect, treatments with T, and T+P only were 

capable of attenuating dyslipidemia. On the other hand, the 

reduction of MDA and elevation of TOAC levels observed 

by the administration of all types of supplements for 45 days 

implies that all treatments possess anti-oxidative property 

which might enhance diabetic patients’ health.  Further 

studies are required utilizing different doses and strains of 

Probiotics and probiotics in combination with functional 

products to examine their effects on the metabolic regulation 

of diabetes. 
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