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Abstract:

The present study was conducted in the college of Veterinary Medicine/University of Basrah to
evaluate the role of Grape-Flavored Whey Probiotic Beverage that prepared by mixing probiotic
isolate (L. acidophilus) and whey in reducing the harmful effect of high cholesterol diet on laboratory
rats. Therefore twenty four adult male rats weight 220-280 g were used and divided into four
groups(6 for each). Control group (T1) received normal ration and drench with normal saline. The
second, third and fourth groups(T2,T3 and T4 respectively) received high cholesterol diet for 30 day
and then drenched by normal saline , whey, therapeutic syrup (5 ml) respectively for 30 days. Blood
samples were collect and separate serum immediately for lipid profile (Tch,TG,LDL, VLDL and
HDL) analysis. In addition , liver enzymes activity (ALT and AST) and renal function indicators
were measured. The role of insulin, leptin and adiponectin also evaluated. The results revealed to the
role of therapeutic syrup in reducing the values of lipid parameters (Tch, TG, LDL and VLDL) and
improvement of LDL levels. The liver enzymes activities showed significant improvement due to
administration of therapeutic syrup of probiotics while urea and creatinine appeared non- significant
for all groups. Grape-Flavored Whey Probiotic Beverage administration revealed significant decrease
in insulin, leptin and adiponestin levels compared with other hypercholesterolemic and control
groups. Therefore, Grape-Flavored Whey Probiotic Beverage had ameliorative effect against the
prognosis of high cholesterol diet on body physiology.
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Introduction

Functional foods are ingredients that enhance body health by modulating physiological
responses or reducing the risk of diseases in addition to providing essential nutrition. The general
category of functional foods includes processed foods or fortified with health promoting additives,
like vitamin-enriched products. (Priyanka & Anjali, 2017).Probiotic drinks are one of the functional
food additives, typically dairy-based beverages with a consistency similar to milk which consumed
for more digestive health (Shukla et al.,2013) .

Probiotics are living and non-pathogenic microbial supplements which is administrate in
adequate quantities, probiotics have several roles in the body, They influence the host organism
positively by improving gut health and enhancing intestinal mucosal integrity and suppress
potentially pathogenic microorganisms by competing with them for nutrients as well as space for
gut adherence (Khare & Gaur, 2020). Therefore, referred to it as “good microorganisms” and can
be found in the form of oral consumer products such as dietary supplements, chocolates, yogurts,
and many others (Harper et al.,2018). Lactic acid bacteria, especially lactobacilli, are the most
widely used microorganisms (Wu et al.,2018) that demonstrated to have beneficial
effects on obesity and related metabolic complications, including hypertension, distorted lipid
profiles, and higher immune protection (Lollo et al., 2015; Sperry et al., 2018).
Hypercholesterolaemia is one of the metabolic disorder plays a critical role in the development of
atherosclerosis and cardiovascular diseases which led to death hundreds of people yearly, There are
some evidences stated that probiotics could affect hypercholesterolemia via reducing cholesterol
levels by different mechanisms (Hassan et al.,2019). Probiotics had also been considered as a
potential intervention for the management of metabolic disorders such as dyslipidemia, which is
caused by unusually high levels of serum cholesterol and triglycerides (TGs) (Palaniyandi et al.
,2019).

Numerous pharmacological and non-pharmacological methods have been used to decrease
blood cholesterol. Various drugs have been developed to treat hypercholesterolemia, and the most
common drugs include atorvastatin and rosuvastatin (statin drugs). However, prolonged usage of
these drugs causes severe side effects (Anandharaj et al.,2020).

Recently, various scientists reported that the ingestion of several fermented products with probiotic
bacteria decreases the serum cholesterol level (Anandharaj et al.,2020). However, several
probiotics studies have been reported to have a hypocholesterolemic effect in animal models
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(Damodharan et al., 2015; 2016) and in human clinical trials (Ryan et al.,2015; Costabile et
al.,2017). while Priyanka & Anjali, (2017) found that addition of probiotics to whey will enhance
the properties and benefits on several health directions, as well as addition of some flavors or juices
gives it better sensory properties (Shukla et al.,2013 ; Priyanka & Anjali,2017). Therefore, The
current study designed to study the role of grape-flavored whey probiotic beverages in reducing
harmful effect of high cholesterol levels on induced hypercholestermic male laboratory rats.

Materials and Methods
Preparation of Grape-Flavored Whey Probiotic Beverage :

Grape-Flavored Whey Probiotic Beverage was prepared according to Idan et al.(2021) by
using raw milk, industrial grape juice, rennet and Probiotic isolate (L. acidophilus) was used from
(GREENMADE / Finland). Whey was obtained by adding rennet enzymatic coagulant to the raw
milk (0.7 mL/L of milk). Grape-flavored whey probiotic beverage prepared by used 20 % of grape
juice and complete with whey to sterilized at 121° C for 15 minute in an autoclave steam sterilizer.
Then probiotic isolate (L. acidophilus) (10® cfu/ml) had been added to incubate under anaerobic
conditions in a shaker incubator at 37°C with a vibration motion of 55 rpm for 48 h. the prepared
beverage was then stored at 4°C refrigerated temperature Until use.

Experimental Animals :

In the experiments, 24 adult male rats (Rattus norvegicus) were used, which obtained from
the Animal House / College of Veterinary Medicine / University of Basrah with weights ranging
from (240-280) g, and were distributed randomly on the basis of the weight of living mass into four
groups evenly in plastic a stainless steel cages clamp. The studied rats were kept under controlled
conditions (22 + 3 °C temperature ; 40 — 45% moisture), and 12/12 hours light/ dark . all rats were
acclimatized for two weeks in order to adapt them to the conditions of the experiment and leaving
free access to water and food. The health of the rats was monitored throughout the trial period to
keep the rats healthy until the end of the experiment.

Animal Diet :

Experimental animals were fed standard diets for rats AIN93 with the ingredients
mentioned in Table (1) (Subcommittee of Laboratory Animal Nutrition, 1995) throughout the
period of the experiment, as the ingredients were mixed and then made in very small pieces. They
were then completely dried from moisture and placed in bags. Plastic and kept at (4-7) C.

Table 1: The rat's food ingredients

Quantities (9/kg) Treatments

T1 T2 T3 T4
Skim Milk 200 200 200 200
Corn Starch 670 660 660 660
Vitamins and minerals 30 30 30 30
Corn oil 50 50 50 50
Cellulose 50 50 50 50
Cholesterol 0 10 10 10

Experimental design :
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The experiment was carried out in the animal house - College of Veterinary Medicine /
University of Basrah during the period of 26/6/2019 to 10/9/2019 including the acclimatization
period.

The experimental animals divided into 4 groups ( 6 for each) as following:-

Control group T1: animals were fed on a standard diet and daily drench with 5 ml of normal
saline solution(0.9%) for 60 days.

Cholesterol group T2: animals were fed a standard diet with added cholesterol (10 g / kg diet) for
30 days to induce hypercholesterolemia According to the AIN1993 standard rat diet (Subcommittee
of Laboratory Animal Nutrition,1995). Then drench with 5 ml of normal saline 0.9 (Normal Saline)
for 30 days.

Cholesterol + whey group T3: animals were fed a standard diet with cholesterol (10 g / kg diet) for
30 days to induce hypercholesterolemia, and then daily drench of whey (5 ml) for 30 days (Pan et
al. , 2009).

Cholesterol + therapeutic syrup group T4: animals were fed a standard diet with added cholesterol
(10 g / kg diet) for 30 days to induce hypercholesterolemia, and then daily drench with 5 ml of a
therapeutic syrup for 30 days.

Blood Samples:

Blood samples were collected by drawing blood directly from the heart (heart puncture)
after partial anesthesia with Dietheal ether by use of (10ml) disposable syringe. Blood sample (6ml)
were placed in test tube (Gel/clot activator tube) which immediately centrifuged to separate serum
for biochemical analysis.

Biochemical Blood Parameters:

Biochemical tests were performed at the end of the experiment to find out the changes
resulting from the whey and therapeutic syrup drench on animals induced hypercholesterolemia.
Serum total cholesterol, triglyceride ,HDL-c ,AST,ALT, urea and creatinine were measured by
using especial kits for each parameters (Human Star company / German).While low-density
lipoprotein (LDL) and very low-density lipoprotein (VLDL) calculated according to Friedewald, et
al., (1972).

Hormonal Assay:

The levels of hormones (insulin, leptin and adiponectin) in the blood serum of rats were
measured by using kits for measuring these hormones according to the instructions of the company
that supplied them (Bioassay Technology Laboratory) of Chinese origin.

Statistical analysis:

Data were analyzed using Complete Random Design (CRD) and using the ready-made
statistical analysis program SPSS, Version 24 (2016). The averages were compared using the
lowest significant difference LSD under a probability level (p<0.05).

Results
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Table (2) shows effect of the therapeutic syrup on the characteristics of lipids and their transporters
(lipoproteins) in the blood serum of hypercholesterolemic rats (mean + standard error) .The results
revealed a significant decrease (p<0.05) in total cholesterol (Chol.), triglycerides(TG) , low-density
lipoprotein (LDL) and very low-density lipoprotein (VLDL) levels in rats drench with therapeutic
syrup (T4) compared to the second and third treatment. Also, this table appeared no significant
differences between the fourth treatment ((T4) and the control (T1) for all above parameters.

In contrast, table (2) referred to non- significant differences (p<0.05) in the concentration of high
density lipoprotein (HDL) in the blood serum of rats for the fourth treatment(T4) that animals
treated with therapeutic syrup when compared to all studied treatments despite the improvement in
their values but still non-significant with other studied groups.

Table (2) effect of the therapeutic syrup on the lipids profile and their transporters in the
blood serum of hypercholesterolemic rats (mean * standard error)

Teratments characteristics of lipids and their transporters (mg/dl)
Chol. TG LDL HDL VLDL

T1 3.27£91.53 1.25+61.36 0.15£11.05 0.21£95.62 0.57+£19.12
A A A A A

T2 7.11+£142.16 8.34+36.34 5.11+£78.39 0.51+£137.16 0.21+27.43
B B B C C

T3 12.52+155.10 5.28+44.80 9.12+83.25 0.76+135.28 0.46+27.05
B B B C C

T4 5.23486.53 4.09+49.50 0.83+15.37 0.11+108.30 0.31+21.66
A AB A B B

significant * * * * *

* different letters denote significance (p<0.05)

The effect of the therapeutic syrup on the liver enzymes activities (ALT & AST), urea and
creatinine in the blood serum of hypercholesterolemic rats (Figure 1), referred to a significant
decrease (p <0.05) in the level of the ALT and AST enzyme activities for T4 in which the rats
were dosed with the therapeutic syrup compared with the second and third experimental treatments
T2 and T3, , respectively. While control treatment (T1) showed the lowest values (p <0.05) for
ALT and AST enzymes compared to all studied group.

Whereas, Urea and creatinine levels showed non- significant differences in their values
among all studies groups.

The harmful effect of high cholesterol diet and administration of Grape-Flavored Whey Probiotic
Beverage as therapeutic syrup on insulin, leptin and adeponectine hormones represented by figure
(2). The effect of the therapeutic drink on the levels of the insulin hormone in the blood serum of
rats induced with hypercholesterolemia showed significant differences (P < 0.05) among the
treatments feeds on high cholesterol diet (T2, T3 ). This treatments recorded significant decrease (p
< 0.05) in the level of the insulin hormone when compared with the control and T4 treatments.
While the therapeutic drink showed a significant improvement in the level of the insulin hormone
than the treatments that induced hypercholesterolemia (T2 and T3) and also higher than control
treatment in value of insulin levels.
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Figure (1) Effect of Therapeutic Syrup on Liver Enzymes activities, Urea and Creatinine
in the Blood Serum of Hypercholesterolemic Rats.
* different letters denote significance (p<0.05)

Also, the fourth treatment (T4), which induced hypercholesterolemia and dosed with a
therapeutic drink were reveal significant difference in their values for leptin hormone when
compared with control and high cholesterol diet treatments. The results showed a significant
decrease in the level of the hormone leptin for T4 rats compared to T2 and T3 treatments. Whereas,
the leptin level of the control treatment appeared significantly lower than the other studies
treatments that intake high cholesterol in their diet.Also, results showed no significant differences
between the levels of leptin hormone for T2 and T3 treatments despite intake of whey for the
animals in T3.

The Figure also showed a significant difference (p < 0.05) among experimental treatments
in the level of the adiponectin hormone. The fourth treatment (T4) outperformed in reducing the
level of the adiponectin hormone compared with the second and third experimental treatments (T2
and T3) respectively. However, the hormone concentration remained significantly higher than the
values of control treated animals. The results showed that there were no significant differences
between the levels of the hormone adiponectin for the treatments (T2 and T3).
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Figure (1) Effect of the therapeutic drink on the levels of insulin, leptin, and adiponectin
in the blood serum of of hypercholesterolemic rats.
* different letters denote significance (p<0.05)

Discussions

The results of the present study referred to decrease of lipid profile parameters (
Tch, TG,LDL and VLDL) due to administration of Grape-Flavored Whey Probiotic Beverage
(therapeutic syrup) in table 2. These results may be attributed to the effect of therapeutic syrup that
administrated to rats and containing probiotic bacteria, which in turn produce hydroxyl menthyl
glutarate compound through the fermentation process. The probiotic syrup would act to reduce
cholesterol synthesis by inhibiting the enzyme Hydroxyl menthyl glutarate CoA-reductase (the
limiting step for cholesterol synthesis) and possibly the bacteria's have the ability to convert
cholesterol into unobservable coprostanol and cholestanol and excrete them in the faeces (Kumar et
al., 2012).

While Abdullah et al.,(2013) attributed the reduction in the cholesterol and triglyceride into
role of the lactic acid bacteria in stimulating the lipase enzyme that responsible for the breakdown
of triglycerides or due to the ability of bacteria to stimulate the secretion of bile acids from the
gallbladder, by consume the cholesterol to synthesize bile acids and as a result, bacteria inhibit the
absorption of cholesterol and triglycerides from the intestine and thus excrete them with waste
products.
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These results were in agreement with the findings of (Nasser et al. 2020) when they used
milk fortified with lactic acid bacteria to reduce the cholesterol concentration in the blood serum of
male rats. And referred to its effect on cholesterol concentration in rat blood serum. Also agreement
with Jiang et al. (2019) whom reducing serum cholesterol levels of hypercholesterolemic rats by
drench with the probiotic (L. reuteri A9) in group and (L. mucosae A13) in other group. Thakkar et
al., (2020) study the effect of Lactobacillus probiotic bacteria isolated from fermented food on
reducing triglyceride concentration. It also agreed with Gazal (2020) who investigate the effect of
probiotics in lowering serum triglycerides mice by fed synergistic cheese fortified with a mixture of
Lactobacillus probiotics (Bifidobacterium). Palaniyandi et al., (2019) showed that some strains of
Lactobacillus acidophilus make it possible for cholesterol to be bound to intestine's lumen and as a
result decrease its absorption and this increase utilization of cellular cholesterol and enhanced
LDL-C uptake to decrease the total serum cholesterol and other lipid profile and permit for HDL to
increase in blood serum for get more cholesterol and return back to liver (Ma et al., 2019) . other
explanation discovered the reduction in lipid profile indices into the decreased of
acylCoA:cholesterol acyltransferase (ACAT) activity( the up regulator of the LDL receptors in the
liver) is associated with decreased secretion of VLDL level and then LDL receptors became
available to bind with LDL-C and then metabolized.( (Abdullah et al., 2013 ).

These results are in agreement with those of Wang et al. (2019) whom study the effect of
lactobacillus in lowering LDL and VLDL lipoprotein concentration in rat serum. It also agreed with
the findings of (Nasser et al. 2020) in reducing the concentration of LDL and VLDL lipoprotein in
the blood serum of rats that were dosed with milk fortified with probiotic bacteria. This study also
agreed with the findings of Hong et al. (2015) on the effect of fermented whey syrup, Using lactic
acid bacteria (Lactobacillus plantarum DKL 121) in reducing LDL and VLDL lipoprotein
concentrations of rat blood serum.

The improvement of HDL levels are agreement with the Ding et al. (2017) in raising the
concentration of HDL in the blood of rats dosed with (Traditional fermented Tibetan yak milk)
fortified with probiotic bacteria. These also consistent with the findings of Ayed and Hamada
(2017). In raising the level of HDL cholesterol in the blood of male rats fed with screening milk
fermented with probiotic bacteria for each of the treatments in which the isolates were used:
Lactobacillus acidophilus, Bifidobacterium bifidum and their mixture.

Measurement of liver enzymes activities are considered as one of the most important
indicators of the liver and other organs healthy. According to loannou,(2006) mentioned that the
elevated serum ALT levels in the absence of viral hepatitis and alcoholism has been reported to
lead to a higher risk of cardiovascular disease with the risk greater in women. The decrease in
enzyme concentrations during the experiment shows the positive role for the therapeutic syrup
containing the probiotics. The anti-oxidative effect of probiotics acted as protective to preserve the
damage in the hepatocyte that occurs due to high cholesterol diet (Wang et al., 2019). therefore, be
able to preserved the liver cells from being destroyed although the high dose of cholesterol is
exposed to animals. This is what the study of Al-Hamdani (2019) found about a decrease in liver
enzymes due to the effect of types of prebiotics. Asemi et al. (2017) recorded the beneficial effect
of probiotics and their ability to regulate liver enzymes in pregnant women. Also, these results are
in agreement with what was found in the study of Gazal (2020) in reducing levels of liver enzymes.
ALT and AST in serum of mice fed synergistic cheese.

Potential mechanisms by which prebiotics may improve insulin resistance include
modulating energy metabolism, controlling obesity, and increasing the production of GLP-1
(Glucagon-like peptide 1) and GLP-2 (Glucagon-like peptide 2) by modifying pancreatic and
plasma insulin secretion, beta cell mass, and their functions. GLP-2 also enhances insulin
sensitivity in the liver, fat, and muscle (Gargari et al., 2013). Probiotics have also been found
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effective in improving insulin resistance by reducing the concentration of endotoxins, increasing
the pH of the stool, and also by reducing the production and absorption of enterotoxins
(Eslamparast et al., 2014). Thus, modified microorganisms in the intestine can be effective in
improving blood sugar status through the use of probiotics and prebiotics.

Most previous studies showed that treatment with prebiotics or probiotics can control blood
sugar or reduce insulin in the blood. Daubioul et al. (2005) observed a significant decrease in
insulin concentration after oligofructose administration among non-alcoholic fatty liver patients
after 4 weeks. In another study, the effect of probiotic supplementation on improving glycemic
parameters was shown to significantly decrease glucose and insulin levels during fasting compared
to the placebo group (Rajkumar et al., 2015).

Leptin, an anti-obesity hormone produced by adipose tissue, to regulate body weight by
controlling food intake and energy expenditure (Friedman, 2002). In mice fed high in fat, Lee et al.
(2006) confirmed. Lactobacillus rhamnosus PL60 showed a decrease in the level of the hormone
leptin and an anti-obesity effect due to the production of conjugated linoleic acid.

The results above are agreement with the findings of Behrouz et al. (2017) on the effect of
taking probiotics and prebiotics (for 12 weeks) in lowering the serum level of leptin in patients with
non-alcoholic fatty liver disease. Moreover, serum leptin concentration was reduced by
Lactobacillus gasseri SBT205 in rats. Zucker rats are lean in body and the reason for this has been
attributed to the low volume of adipocytes in the bodies of these rats (Hamad et al., 2008). Another
study also indicated that the level of leptin decreased due to a mixture of Bifidobacteria strains (B.
pseudocatenulatum SPM 1204, B. longum SPM1205 and B. longum SPM 1207) in obese rats
(Anetal., 2012).

The reduction in the adiponectin hormone levels due to administration of Grape-Flavored
Whey Probiotic Beverage (therapeutic syrup) are in agreement with the results of the Sabico et al.
(2019) study in lowering the serum level of the hormone adiponectin in patients with type 2
diabetes who took probiotic supplements for 6 months. Several studies have also shown that
probiotic treatment improves the level of adiponectin or the gene expression of adiponectin. One of
the studies compared normal flora (NMF) mice and one free of germs (GF), and the study revealed
that gene expression of adiponectin (Adipoq) was up-regulated in groups of germ-free mice treated
with lactic acid bacteria (Nerstedt et al., 2007). Moreover, Higurashi et al. (2007) indicated that
feeding with the use of probiotic cheese can prevent the accumulation of fat in the abdominal area
and maintain the concentration of the hormone adiponectin in the serum of mice fed on a diet with
a high caloric content, while one study found that the strain of Lactobacillus plantarum NO.14
Exercises a white lipid-lowering effect in mice fed high in lipids with no change in adiponectin
(Takemura et al., 2010). While Kadooka et al. (2010) used L. gasseri SBT2055 probiotic bacteria
to regulate abdominal obesity in obese adults, as the probiotic treatment included a significant
reduction in the visceral and subcutaneous fat areas in the abdomen from baseline and a significant
increase in the molecular weight of adiponectin in their serum. Moreover, a large-scale clinical
study by Luoto et al. (2012) that pregnant women who took a mixture of probiotic bacteria
(Lactobacillus rhamnosus GG and Bifidobacterium lactis) had a higher concentration of
adiponectin compared to the placebo group, which was inversely associated with maternal weight
gain during pregnancy.

It is now more accepted that leptin can regulate food intake and energy expenditure through
the effect of the hypothalamus, and adiponectin can enhance the oxidation of tissue fat, leading to
lower levels of fatty acids and triglyceride content in tissues associated with insulin sensitivity
(Bacchetta et al., 2009).
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Conclusions:

Grape-Flavored Whey Probiotic Beverage (therapeutic syrup) prepared by probiotic isolate (L.
acidophilus) , whey and grape juice had reduction effect on harmful lipid accumulation in the
serum or in the body by regulating of insulin, leptin and adiponectin hormones levels.

References:

1. Abdullah, Kh. Sh., Salih, H. M. & Mohammed, N. F. (2013). The impact of the yoghurt
product by using the lactic acid bacteria (ABT) in reducing the level of lioid profil in blood of
rats and incrase weights. Tikrit University Journal of Agricultural Sciences, 13, 14-22.

2. Al —Hamdani, A. H. A. (2019). The effect of feeding supported skim milk with different types
of prebiotic on microbiological and biochemical parameters of rats. A thesis, College of
Agriculture, University of Basrah . p:57-103.

3. An, H. M., Kim, M. J., Moon, J. S., Kang, J. Y., Lee, D. K,, Lee, K. H., ... & Ha, N. J.
(2012). Antiobesity and lipid-lowering effects of Bifidobacterium spp. in high fat diet-induced
obese rats.

4. Anandharaj, M., Sivasankari, B., & Rani, R. P.(2020). Corrigendum to “Effects of Probiotics,
Prebiotics, and Synbiotics on Hypercholesterolemia: A Review”. Chinese Journal of Biology.

5. Asemi,Z.;Arabi,M.H.;Hajijafari,M.;Alizadeh,S.A.;Razzaghi,R.; Mazoochi,M., and
Esmaillzadeh,A.(2017). Effectof symbiotic Food Consumptionon SerumMineral,Liver
Enzymes,and Blood Pressure in Patient with Type2Diabetes : ADouble-blind Randomized
Cross-over Controlled Clinical Trail.International Journal of Preventive Medicine,8(43):1-6.

6. Ayed, M. A., & Hamada, T. H. (2017). Effect of fermented skim milk fortified with probiotic
bacteria on some physiological parameters in growing male rats. Journal Of Kirkuk University
For Agricultural Sciences, 8(2).

7. Bacchetta, J., Boutroy, S., Guebre-Egziabher, F., Juillard, L., Drai, J., Pelletier, S., ... &
Fouque, D. (2009). The relationship between adipokines, osteocalcin and bone quality in
chronic kidney disease. Nephrology Dialysis Transplantation, 24(10), 3120-3125.

8. Behrouz, V., Jazayeri, S., Aryaeian, N., Zahedi, M. J., & Hosseini, F. (2017). Effects of
probiotic and prebiotic supplementation on leptin, adiponectin, and glycemic parameters in non-
alcoholic fatty liver disease: a randomized clinical trial. Middle East journal of digestive
diseases, 9(3), 150.

9. Cheng, Y. C., & Liu, J. R. (2020). Effect of Lactobacillus rhamnosus GG on Energy
Metabolism, Leptin Resistance, and Gut Microbiota in Mice with Diet-Induced Obesity.
Nutrients, 12(9), 2557.

10. Costabile, A., Buttarazzi, 1., Kolida, S., Quercia, S., Baldini, J., Swann, J. R, ... & Gibson,
G. R. (2017). An in vivo assessment of the cholesterol-lowering efficacy of Lactobacillus
plantarum ECGC 13110402 in normal to mildly hypercholesterolaemic adults. PloS one, 12(12),
e0187964.

11. Damodharan, K., Lee, Y. S., Palaniyandi, S. A., Yang, S. H., & Suh, J. W. (2015).
Preliminary probiotic and technological characterization of Pediococcus pentosaceus strain
KID7 and in vivo assessment of its cholesterol-lowering activity. Frontiers in microbiology, 6,
768.

12. Damodharan, K., Palaniyandi, S. A., Yang, S. H., & Suh, J. W. (2016). Functional Probiotic
Characterization and In Vivo Cholesterol-Lowering Activity of Lactobacillus helveticus Isolated
from Fermented Cow Milk S. Journal of microbiology and biotechnology, 26(10), 1675-1686.

13. Daubioul, C. A., Horsmans, Y., Lambert, P., Danse, E., & Delzenne, N. M. (2005). Effects
of oligofructose on glucose and lipid metabolism in patients with nonalcoholic steatohepatitis:
results of a pilot study. European journal of clinical nutrition, 59(5), 723-726.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Idan et al., 2024 Dijlah J. Agric. Sci., Special Issue:112-124 . 2024

Ding, W., Shi, C., Chen, M., Zhou, J., Long, R., & Guo, X. (2017). Screening for lactic acid
bacteria in traditional fermented Tibetan yak milk and evaluating their probiotic and cholesterol-
lowering potentials in rats fed a high-cholesterol diet. Journal of Functional Foods, 32, 324-332.
El-Shafie, H. A,, Yahia, N. I, Ali, H. A., Khalil, F. A, EI-Kady, E. M., & Moustafa, Y. A.
(2009). Hypocholesterolemic action of Lactobacillus plantarum NRRL-B-4524 and
Lactobacillus paracasei in ratswith hypercholesterolemia induced by diet. Australian Journal of
Basic and Applied Sciences, 3, 218-228.

Eslamparast, T., Poustchi, H., Zamani, F., Sharafkhah, M., Malekzadeh, R., &
Hekmatdoost, A. (2014). Synbiotic supplementation in nonalcoholic fatty liver disease: a
randomized, double-blind, placebo-controlled pilot study. The American journal of clinical
nutrition, 99(3), 535-542.

Friedewald, W. T., Levy, R. I., & Fredrickson, D. S. (1972). Estimation of the concentration
of low-density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge.
Clinical chemistry, 18(6), 499-502.

Friedman, J. M. (2002). The function of leptin in nutrition, weight, and physiology. Nutrition
reviews, 60(suppl_10), S1-S14.

Gargari, B. P., Dehghan, P., Aliasgharzadeh, A., & Jafar-Abadi, M. A. (2013). Effects of
high performance inulin supplementation on glycemic control and antioxidant status in women
with type 2 diabetes. Diabetes & metabolism journal, 37(2), 140.

Gazal, M. M. (2020). Manufacturing of Synbiotic dairy products using different types of milk
and studying the Effect of Synbiotic Cheese in Laboratory Mice College of Agriculture,
University of Basrah . p:61-150.

Hamad, E. M., Sato, M., Uzu, K., Yoshida, T., Higashi, S., Kawakami, H., ... & Imaizumi,
K. (2008). Milk fermented by Lactobacillus gasseri SBT2055 influences adipocyte size via
inhibition of dietary fat absorption in Zucker rats. British journal of nutrition, 101(5), 716-724.
Harper, A., Naghibi, M. M., & Garcha, D. (2018). The role of bacteria, probiotics and diet in
irritable bowel syndrome. Foods, 7(2), 13.

Hassan, A., Din, A. U., Zhu, Y., Zhang, K., Li, T., Wang, Y., ... & Wang, G. (2019). Updates
in understanding the hypocholesterolemia effect of probiotics on atherosclerosis. Applied
microbiology and biotechnology, 103(15), 5993-6006.

Higurashi, S., Kunieda, Y., Matsuyama, H., & Kawakami, H. (2007). Effect of cheese
consumption on the accumulation of abdominal adipose and decrease in serum adiponectin
levels in rats fed a calorie dense diet. International Dairy Journal, 17(10), 1224-1231.

Hong, S. M., Chung, E. C., & Kim, C. H. (2015). Anti-obesity effect of fermented whey
beverage using lactic acid bacteria in diet-induced obese rats. Korean journal for food science of
animal resources, 35(5), 653.

Idan, M. A., Al-Shawi, S. G., & Khudhair, N. A. (2021). Developing of Grape-Flavored
Whey Probiotic Beverage. Annals of the Romanian Society for Cell Biology, 4732-4741.
loannou, G. N. (2006). Development and validation of a model predicting graft survival after
liver transplantation. Liver transplantation, 12(11), 1594-1606.

Jiang, J., Feng, N., Zhang, C., Liu, F., Zhao, J., Zhang, H., ... & Chen, W. (2019).
Lactobacillus reuteri A9 and Lactobacillus mucosae A13 isolated from Chinese superlongevity
people modulate lipid metabolism in a hypercholesterolemia rat model. FEMS microbiology
letters, 366(24), fnz254.

Kadooka, Y., Sato, M., Imaizumi, K., Ogawa, A., Ikuyama, K., Akai, Y., ... & Tsuchida, T.
(2010). Regulation of abdominal adiposity by probiotics (Lactobacillus gasseri SBT2055) in
adults with obese tendencies in a randomized controlled trial. European journal of clinical
nutrition, 64(6), 636-643.

Khare, A., & Gaur, S. (2020). Cholesterol-Lowering effects of Lactobacillus species. Current
microbiology, 77(4), 638-644.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Idan et al., 2024 Dijlah J. Agric. Sci., Special Issue:112-124 . 2024

Kumar, M., Nagpal, R., Kumar, R., Hemalatha, R., Verma, V., Kumar, A., ... & Yadav, H.
(2012). Cholesterol-lowering probiotics as potential biotherapeutics for metabolic diseases.
Experimental diabetes research, 2012,

Lee, H. Y., Park, J. H., Seok, S. H., Baek, M. W., Kim, D. J., Lee, K. E., ... & Park, J. H.
(2006). Human originated bacteria, Lactobacillus rhamnosus PL60, produce conjugated linoleic
acid and show anti-obesity effects in diet-induced obese mice. Biochimica et Biophysica Acta
(BBA)-Molecular and Cell Biology of Lipids, 1761(7), 736-744.

Lee, H. Y., Park, J. H., Seok, S. H., Baek, M. W., Kim, D. J., Lee, K. E,, ... & Park, J. H.
(2006). Human originated bacteria, Lactobacillus rhamnosus PL60, produce conjugated linoleic
acid and show anti-obesity effects in diet-induced obese mice. Biochimica et Biophysica Acta
(BBA)-Molecular and Cell Biology of Lipids, 1761(7), 736-744.

Lollo, P. C., Morato, P. N., Moura, C. S., Almada, C. N., Felicio, T. L., Esmerino, E. A, ...
& Cruz, A. G. (2015). Hypertension parameters are attenuated by the continuous consumption
of probiotic Minas cheese. Food Research International, 76, 611-617.

Luoto, R., Laitinen, K., Nermes, M., & Isolauri, E. (2012). Impact of maternal probiotic-
supplemented dietary counseling during pregnancy on colostrum adiponectin concentration: a
prospective, randomized, placebo-controlled study. Early human development, 88(6), 339-344.
Ma, C., Zhang, S., Lu, J., Zhang, C., Pang, X., & Lv, J. (2019). Screening for cholesterol-
lowering probiotics from lactic acid bacteria isolated from corn silage based on three
hypothesized pathways. International journal of molecular sciences, 20(9), 2073.

Ma, C., Zhang, S., Lu, J., Zhang, C., Pang, X., & Lv, J. (2019). Screening for cholesterol-
lowering probiotics from lactic acid bacteria isolated from corn silage based on three
hypothesized pathways. International journal of molecular sciences, 20(9), 2073.

Nasser, E. K., Majeed, K. R., & Ali, H. I. (2020). Effect of some strains of lactic acid bacteria
and their mixture on the biochemical traits of liver and thyroid gland in male rats with
hypothyroidism induced using carbimazole. Kufa Journal for Agricultural Sciences, 12(1).
Nerstedt, A., Nilsson, E. C., Ohlson, K., Hakansson, J., Svensson, L. T., Léwenadler, B., ...
& Mahlapuu, M. (2007). Administration of Lactobacillus evokes coordinated changes in the
intestinal expression profile of genes regulating energy homeostasis and immune phenotype in
mice. British Journal of Nutrition, 97(6), 1117-1127.

Palaniyandi, S. A., Damodharan, K., Suh, J. W., & Yang, S. H. (2019). Probiotic
Characterization of Cholesterol-Lowering Lactobacillus fermentum MJM60397. Probiotics and
Antimicrobial Proteins, 1-12.

Palaniyandi, S. A., Damodharan, K., Suh, J. W., & Yang, S. H. (2019). Probiotic
Characterization of Cholesterol-Lowering Lactobacillus fermentum MJM®60397. Probiotics and
Antimicrobial Proteins, 1-12.

Pan, X. D.; Chen, F. Q.; Wu, T. X.; Tang, H. G. and Zhao, Z. Y. (2009). Prebiotic
oligosaccharides change the concentrations of short-chain fatty acids and the microbial
population of mouse bowel. J. of Zhejiang University SCIENCE B, 10(4): 258.

Priyanka, S., & Anjali, K. (2017). Development of probiotic beverage from whey and orange
juice. Journal of Nutrition and Food Sciences, 7(5).

Rajkumar, H., Kumar, M., Das, N., Kumar, S. N., Challa, H. R., & Nagpal, R. (2015).
Effect of probiotic Lactobacillus salivarius UBL S22 and prebiotic fructo-oligosaccharide on
serum lipids, inflammatory markers, insulin sensitivity, and gut bacteria in healthy young
volunteers: a randomized controlled single-blind pilot study. Journal of cardiovascular
pharmacology and therapeutics, 20(3), 289-298.

Ryan, J. J., Hanes, D. A., Schafer, M. B., Mikolai, J., & Zwickey, H. (2015). Effect of the
probiotic  Saccharomyces boulardii on cholesterol and lipoprotein particles in
hypercholesterolemic adults: a single-arm, open-label pilot study. The Journal of Alternative and
Complementary Medicine, 21(5), 288-293.



46.

47.

48.

49.

50.

51.

52.

53.

54,

Idan et al., 2024 Dijlah J. Agric. Sci., Special Issue:112-124 . 2024

Sabico, S., Al-Mashharawi, A., Al-Daghri, N. M., Wani, K., Amer, O. E., Hussain, D. S., ...

& McTernan, P. G. (2019). Effects of a 6-month multi-strain probiotics supplementation in

endotoxemic, inflammatory and cardiometabolic status of T2DM patients: A randomized,

double-blind, placebo-controlled trial. Clinical nutrition, 38(4), 1561-15609.

Shukla, M., Jha, Y. K., & Admassu, S. (2013). Development of probiotic beverage from whey

and pineapple juice. Journal of Food Processing Technology, 4(2), 1-4.

Sperry, M. F., Silva, H. L., Balthazar, C. F., Esmerino, E. A., Verruck, S., Prudencio, E. S.,
. & Cruz, A. G. (2018). Probiotic Minas Frescal cheese added with L. casei 01:

Physicochemical and bioactivity characterization and effects on hematological/biochemical

parameters of hypertensive overweighted women—A randomized double-blind pilot trial. Journal

of Functional Foods, 45, 435-443.

Subcommittee of laboratory animal nutrition, committee on animal nutrition, board in

agriculture, and National research council. (1995). Nutrient requirements of laboratory

Animals, Fourth revised editition, National academy press.

Takemura, N., Okubo, T., & Sonoyama, K. (2010). Lactobacillus plantarum strain No. 14

reduces adipocyte size in mice fed high-fat diet. Experimental biology and medicine, 235(7),

849-856.

Thakkar, P. N., Patel, A., Modi, H. A., & Prajapati, J. B. (2020). Hypocholesterolemic effect

of potential probiotic Lactobacillus fermentum strains isolated from traditional fermented foods

in wistar rats. Probiotics and antimicrobial proteins, 12(3), 1002-1011.

Wang, G., Huang, W., Xia, Y., Xiong, Z., & Al, L. (2019). Cholesterol lowering potentials of

Lactobacillus strain overexpression of bile salt hydrolase on high cholesterol diet-induced

hypercholesterolemic mice. Food & function, 10(3), 1684-1695.

Wang, Y., Wu, Y., Wang, Y., Xu, H., Mei, X., Yu, D,, ... & Li, W. (2017). Antioxidant

properties of probiotic bacteria. Nutrients, 9(5), 521.

Wu, C. H., Hsueh, Y. H., Kuo, J. M., & Liu, S. J. (2018). Characterization of a potential

probiotic Lactobacillus brevis RK03 and efficient production of y-aminobutyric acid in batch

fermentation. International journal of molecular sciences, 19(1), 143.



