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ABSTRACT

Background. Type-2 diabetes is the most prevalent metabolic disease, which calls for researchers to find 
many natural products that are effective in fighting diabetes and its complications. 
Materials and methods. Stirred yoghurt samples were prepared, enriched with probiotics, and fortified with 
either 1% or 2% of the fine powder of beetroots. The chemical, physical, sensorial, and microbial properties 
of the yoghurt samples were studied over a 15-day storage period. The total phenolic compounds, flavonoids, 
antioxidant activity as well as the reducing power of the dried beetroot and the yoghurt samples were as-
sessed. The prepared yoghurt samples were evaluated in type 2 diabetic rats. 
Results. Fortification with beetroot led to an increase of the total phenolic compounds, antioxidant activity, 
and the probiotic counts in the prepared yoghurt. The intervention with the prepared yoghurt samples resulted 
in an increase in the number of beneficial bacteria in diabetic rats’ feces, hypoglycemic effect, and suppres-
sion in the elevation of C-reactive protein (CRP) and thyroid stimulating hormone (TSH). 
Conclusion. This study suggests that stirred yoghurt enriched with probiotics and fortified with beetroot have 
therapeutic potential for type 2 diabetes. 
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INTRODUCTION

Type 2 diabetes mellitus is one of the metabolic diseas-
es marked by hyperglycemia as well as disturbances 
in the metabolism of protein, fats, and carbohydrates 
(Ranjith et al., 2018). Diabetes is associated with im-
paired insulin secretion or insulin efficiency, in addi-
tion to unusual pancreatic cell function resulting from 
permanent hyperglycemia and resistance of peripheral 
tissue to insulin (Xu et al., 2021). It was reported that 

the number of diabetics currently stands at 425 million 
patients (90% of patients with type 2 diabetes) accord-
ing to the International Diabetes Federation (IDF), 
and it is estimated that these numbers will increase 
to reach about 700 million patients by the year 2045 
(Bommer et al., 2018). Many complications, including 
nephropathy, cardiovascular disease, and dyslipidemia 
may be associated with type 2 diabetes (Wang et al., 
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2020). Additionally, it has been found that diabetes 
mellitus led to thyroid dysfunction (Ige et al., 2019).

It was reported that the gut microbiome differs 
more in the type 2 diabetic patient than the healthy 
population. The number of Firmicutes bacteria was 
found to be lower, while the number of Bacteroides 
and Proteobacteria was higher in the gastrointestinal 
tract of type 2 diabetics (Larsen et al., 2010). Probiot-
ics, the beneficial live microorganisms, were found to 
be supplementary therapeutics, via modulation of the 
gut microbiome, for type 2 diabetes mellitus in addi-
tion to their ameliorative effect on dyslipidemia and 
metabolic control in diabetic patients (Kocsis et al., 
2020).

Nitric oxide (NO), a key regulator of vascular ho-
meostasis, is affected by an excess of reactive oxygen 
species (ROS). The lack of nitric oxide is involved in 
vascular dysfunction in cardiovascular disease and 
type 2 diabetes (Jin and Loscalzo, 2010). Thus, the 
supplementation with NO via dietary inorganic nitrate 
(NO3−) such as green leafy vegetables and beetroot 
may be a beneficial therapeutic for diabetes com-
plications (Lidder and Webb, 2013). The red root of 
beet plant or Beta vulgaris is not only a source of di-
etary nitrate but also a good source of betalains, such 
as betanin and isobetanin, which act as antioxidant 
agents owing to the electron donating ability and sup-
press the reactive oxygen species and its subsequent 
health hazards (Ninfali et al., 2017).

These reports on the beneficial effects of probiotics 
and beetroot inspired us to prepare functional stirred 
yoghurt supplemented with probiotics and powder of 
beetroot and to investigate the effect of this function-
al stirred yoghurt on diabetes complications through 
high-fat diet fed-streptozotocin (HFD/STZ)-treated rat 
model.

MATERIALS AND METHODS

Raw materials and chemicals
Fresh cow’s milk was obtained from the dairy depart-
ment, Cairo Univ. and was used without standardiza-
tion of the fat content. Beetroot was purchased from 
a local market in Egypt. Chemicals and pure reagents 
were purchased from Sigma Chemical Companies 
(Sigma-Aldrich, St. Louis, MO, USA). 

Manufacturing of stirred yoghurt  
with beetroot powder
The roots of beet plant were washed, cut into thin slices, 
and dried using a sundering device. Then the dried slic-
es were grounded into fine powder. Fresh cow’s milk, 
was heated at 72ºC for 15 s, then was cooled and ad-
justed to 42ºC. The starter cultures of yoghurt (Lacto-
bacillus bulgaricus Lb-12 DRI-VAC and Streptococcus 
thermophilus CH-2) were added at a 2% concentration 
to the milk, in addition to 2% of the probiotic bacteria 
Bifidobacterium lactis Bb12 and Lactobacillus acido-
philus CH-2. Then the inoculated milk was divided into 
three portions, the first portion served as a control, the 
second portion was fortified with 1% beetroot powder 
and the third portion was fortified with 2% beetroot 
powder. All samples were transferred into plastic cups 
and incubated at 42°C until complete coagulation and 
then cooled at 4°C overnight. The cups were stirred us-
ing plunder and stored at 7°C for 15 days.

Chemical analysis of stirred yoghurt samples
The control stirred yoghurt and the stirred yoghurt forti-
fied with red beetroot were analyzed for total solids, fat, 
total nitrogen, and ash contents. Carbohydrate content 
was calculated by difference. Carbohydrate percentage 
= 100 – (% protein + % fat + % moisture + % ash). The 
pH values of the fermented products from the differ-
ent treatments were measured using a digital pH meter 
equipped with a combined electrode (Hanna, Germa-
ny). Acidity was measured as described by Ling (1963).

Phenolic compounds and total flavonoids 
of beetroot and stirred yoghurt samples
Total phenolics and total flavonoid contents were de-
termined colorimetrically in beetroot and different 
stirred yoghurt samples using Folin-Ciocalteu reagent 
(Singleton et al., 1999) and aluminum choloride meth-
od (Chang et al., 2002). Total phenolic content was 
expressed as gallic acid equivalents (GAE) in mg/g 
sample, while total flavonoid content was expressed as 
mg quercetin equivalent per g (QE). The results were 
expressed as mean ±SD.

Antioxidant activity by DPPH radical scavenging 
method of beetroot and stirred yoghurt samples
The free radical scavenging activity of beetroot and 
different stirred yoghurt samples was measured by 
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1,1-diphenyl-2-picryl hydrazyl (DPPH). One ml of 
DPPH in ethanol (0.1 mM) was added to three ml of 
beetroot and different stirred yoghurt samples (250, 
500, and 750 µg/ml) or BHT as standard (250, 500, 
and 750 µg/ml). All samples and standard were shaken 
and stood at room temperature for 30 min. The absorb-
ance of samples and standard was measured at 517 nm. 
The assay was carried out in triplicate, and the results 
are expressed as mean ±SD. The percentage of DPPH 
scavenging effect was calculated using the following 
equation:

DPPH scavenging effect, %, or percent inhibition =  
= (A0 – A1 / A0) × 100

where:
A0 –	 the absorbance of control reaction,
A1 –	 the absorbance in presence of test or standard 

sample.

Reducing power of beetroot  
and stirred yoghurt samples
The reducing power of beetroot and different stirred 
yoghurt samples was determined. Beetroot and differ-
ent stirred yoghurt samples (1, 2, 3, 4, and 5 mg/ml) 
in 1  ml of methyl alcohol were mixed with phos-
phate buffer (2.5 ml, 0.2 M, pH 6.6) and 2.5 ml of 
1% potassium ferricyanide [K3Fe(CN)6]. The mixture 
was incubated at 50°C for 20 min, and then 2.5 ml of 
trichloroacetic acid (10%) was added to the mixture. 
All samples were centrifuged (1000 ×g) for 10 min 
and then 2.5 ml from the upper layer was mixed with 
2.5 ml of distilled H2O and 0.5 ml of FeCl3 (0.1%). 
The  absorbance was measured at 700 nm. The as-
say was carried out in triplicate, and the results are 
expressed as mean ±SD. Increase in absorbance of 
sample with concentrations indicates high reducing 
potential of the samples.

Microbiological analysis of stirred yoghurt 
samples
Stirred yoghurt samples (10 g) were homogenized for 
1 min with 90 ml of sterile NaCl (0.85%) as a sterile 
solution. Decimal dilutions were prepared in 9 ml ster-
ile NaCl (0.85%). The microbiological content of the 
stirred yoghurt samples was determined as follows: Bi-
fidobacterium counts were enumerated on MRS agar 
supplemented with 2 gm/l sodium propionate and 3 g/l 

lithium chloride and the plates incubated at 37°C for 
72 h under anaerobic conditions. Streptococci counts 
were enumerated using M17 agar acidified to pH 6.8 
by 1 M HCl and the plates incubated at 37 ±1°C for 
48  h under aerobic conditions. Lactobacilli counts 
were determined using MRS agar and the plates incu-
bated at 37 ±1°C for 72 h under anaerobic conditions. 
Yeasts and molds counts were enumerated by potato 
dextrose agar acidified to pH 3.5 with sterile lactic 
acid solution and the plates aerobically incubated at 
25ºC for 4 days. Total bacterial counts were aerobi-
cally incubated using plate count agar at 25°C for 48 h. 
Coliform groups were detected using Violet Red bile 
Agar (Difco) and the plates were incubated at 35°C 
for 24 h. The results were recorded as a log number of 
colony-forming units per gm (log10 CFU/gm).

Rheological profile of stirred yoghurt samples
Texture profile analysis (TPA) was carried out on 
the fermented samples using the double compres-
sion tester (Multi test 1d Memesin, Food Technology 
Corporation, Slinfold, W. Sussex, UK). Experiments 
were carried out by a compression test that generated 
a plot of force (N) versus time (s). A 25-mm-diameter 
perplex conical-shaped probe was used to perform 
the TPA analysis at five different points on the sample 
surface. In the 1st stage, the sample was compressed 
by 30% of its original depth at a speed of 2 cm/min 
during the pretest, compression, and the relaxation of 
the sample. From the force-time curve, the following 
parameters were determined: 

Hardness, N = maximum force of the 1st compression
Cohesiveness = area under the 2nd compression / 

area under the 1st compression (A2 / A1)
Adhesiveness, N·s = negative area in the curve
Springiness, mm = length 2nd compression / length 

1st compression (L2 / L1)
Gumminess, N = hardness 9 cohesiveness
Chewiness, mJ = gumminess 9 springiness

Water holding capacity of stirred yoghurt 
samples
Water holding capacity (WHC) was determined ac-
cording to Arslan and Ozel (2012). 
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Apparent viscosity of stirred yoghurt samples
Apparent viscosity was measured using a Brookfield 
DV digital viscometer (Brookfield Engineering, Mid-
dleborough, MA, USA) with spindle no. 4 at 60 rpm. 
Apparent viscosity was expressed as Pascal – Pa·s.

Color measurements of stirred yoghurt samples
The color of the stirred yoghurt samples was measured 
using Hunter colorimeter Model D2s A-2 (Hunter As-
soc. Lab. Inc. Va, USA) following the instructions of 
the manufacturer. The instrument was first standard-
ized using a white tile (top of the scale) and a black tile 
(bottom of the scale). A specimen of the cheese (flat 
layer) was placed at the specimen port; the tri-stimulus 
values of the color namely L, a and b were measured 
where: L – value represents darkness from black (0) to 
white (100), a – value represents color ranging from 
red (+) to green (–) and b value represents yellow (+) 
to blue (–).

Sensory evaluation of stirred yoghurt samples
Stirred yoghurts’ samples were evaluated for the fol-
lowing sensory attributes according to the 5-point he-
donic test: flavor (out of 60 points), body and texture 
(out of 20 points), appearance (out of 10 points), and 
overall acceptability (sum of scores for different at-
tributes). Taste panels of 10 panelists from the staff of 
the dairy department, National Research Centre, Cai-
ro were involved in the sensory analysis. The judges 
were given distilled water to rinse their mouths in be-
tween samples. The samples were shown to the judges 
in a random order, and they were asked to give each 
parameter a score to indicate their approval.

The effect of stirred yoghurt samples in high- 
-fat diet fed-streptozotocin (HFD/STZ)-damaged 
rat model

Animals
Male Wister rats (9 weeks old) of 117.36 ±14.54 g as 
mean ±SD were obtained from the animal house of 
the National Research Centre, Cairo, Egypt. Animals 
were kept individually in stainless steel cages under 
standard laboratory conditions (23–25°C, 12 h light/
dark cycle) and with free access to diet and water. This 
study has been carried out as a part of internal project 
no 12050203 in the National Research Centre, Cairo, 

Egypt. This project was approved by the Medical Re-
search Ethics Committee, National Research Centre, 
Cairo, Egypt with approval number 19176, and fol-
lowed the recommendations of the National Institutes 
of Health Guide for Care and Use of Laboratory Ani-
mals (Publication no. 85-23, revised 1985).

Animals’ diet
Balanced diet (12% casein as a protein source, 10% 
corn oil, 10% sucrose, 58.5% maize starch, 5% fiber, 
3.5% salt mixture, and 1% vitamin mixture), salt, and 
vitamin mixtures were prepared in accordance with 
AIN-93 (Reeves et al., 1993). A high fat diet (12% 
casein as a protein source, 20% saturated fat, 1% cho-
lesterol, 10% sucrose, 52.5% maize starch, 3.5% salt 
mixture, and 1% vitamin mixture) was prepared ac-
cording to Zhu et al. (2017) with a slight modification 
through the use of saturated fats. 

Type 2 diabetes induction
Thirty rats were assigned to two dietary groups. The 
first group (6 rats) was served as normal healthy 
control and received a balanced diet. To induce rat 
model of type 2 diabetes, according to the protocols 
of Srinivasan et al. (2005), twenty-four rats (the sec-
ond group) were fed a high fat-high cholesterol diet 
for a month and then given a single intraperitoneal in-
jection 45 mg/kg body weight (w/w) of streptozotocin 
(STZ) (from Sigma chemical Co) in citrate buffer, pH 
4.5. The onset of diabetes in rats was confirmed by the 
high blood glucose concentration (>150 mg/dl) 72 h 
after streptozotocin injection.

Design of the experiment
Group 1 (CN, control group) fed on a balanced diet 
all over the experimental period (two months). After 
the induction of type 2 diabetes, the diabetic rats were 
divided into 4 sub-groups of 6 rats each as follow:
Group 2 (D-HFT), diabetic rats fed on the same high 
fat-high cholesterol diet.
Group 3 (D-HFD + CY), diabetic rats fed on the same 
high fat-high cholesterol diet and orally given 1 ml of 
control stirred yoghurt once daily for a month.
Group 4 (D-HFD + 1%Y), diabetic rats fed on the 
same high fat-high cholesterol diet and orally given 
1ml of probiotic stirred yoghurt fortified with 1% beet-
root powder once daily for a month.
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Group 5 (D-HFD + 2%Y), diabetic rats fed on the 
same high fat-high cholesterol diet and orally given 
1  ml of probiotic stirred yoghurt fortified with 2% 
beetroot powder once daily for a month.
At the end of one month of the experiment (diabetes 
induction period) and at the end of the experiment, to-
tal food intake, body weight gain and feed efficiency 
ratio were calculated. After blood collecting, the heart 
and liver were immediately removed from each rat, 
weighed, and impressed in 10% formalin solution for 
the histopathological examinations.

Biochemical analysis
Plasma was analyzed for blood glucose, glycated 
haemoglobin (HbA1c), creatinine and urea using col-
orimetric kits. Insulin resistance (IR) estimation was 
carried out using the homeostasis model assessment 
method and HOMA-IR was calculated using the fol-
lowing equation: 

Plasma glucose in the fasting state, mmol/l × fasting 
plasma insulin, mU/l, divided by 22.5. 

The activity of aspartate transaminase (AST) and 
alanine transaminase (ALT) were determined using 
colorimetric kits. Plasma total cholesterol (T-Ch), 
high-density lipoprotein cholesterol (HDL-Ch), low- 
-density lipoprotein cholesterol (LDL-Ch), and tri-
glycerides (TG) were determined using colorimetric 
kits. Non-HDL cholesterol and very low low-density 
lipoprotein (VLDL) as well as T-Ch/HDL-Ch ratio 
and TGs/HDL-Ch ratio were calculated. Plasma was 
also analyzed for malondialdehyde (MDA), insulin, 
thyroid stimulating hormone (TSH), and C-reactive 
protein (CRP) using Eliza kits.

Microbial analysis of rats’ feces
On the first day, at the end of the diabetes induction 
period and at the end of the experiment, fresh feces’ 
samples of rats were collected for 24 h. The micro-
biological characteristics of these feces samples were 
detected by serial decimal dilution prepared in 9 ml 
sterile NaCl (0.85 %) as the following: Bifidobacte-
rium counts were enumerated on MRS agar supple-
mented with 2 gm/l sodium propionate and 3 gm/l 
lithium chloride and the plates incubated at 37°C for 
72 h under anaerobic condition. Lactobacilli counts 
were determined using MRS agar and the plates 

incubated at 37°C for 72 h under anaerobic conditions. 
Total bacterial counts were aerobically incubated us-
ing plate count agar at 25°C for 48 h. Coliform groups 
were detected using Violet Red bile Agar (Difco) and 
the plates were incubated at 35°C for 24 h.

Histopathological examination
Liver and heart tissues were rinsed three times in 70% 
ethanol, dehydrated using a graded ethanol series, and 
then embedded in paraffin wax. Paraffin sections were 
cut into 5 micrometers-thick slices and stained with 
haematoxylin and eosin for light microscope exami-
nation. The sections were viewed and photographed 
using a digital microscope (Olympus BX50, Japan).

Statistical analysis
Results of the nutritional parameters and the micro-
bial counts of rats’ feces after one month of the animal 
study were statistically analyzed via Student’s t-test. 
Other data were analyzed statistically using the one- 
-way analysis of variance ANOVA followed by Dun-
can’s test using SPSS software program version 16.

RESULTS AND DISCUSSION

Table 1 indicates that the value of the total solids 
increased significantly over the period of storage 
in all the samples of stirred yoghurt. The probiotic 
stirred yoghurt fortified with 2% beetroot powder 
had a higher value of total solids than the probiotic 
stirred yoghurt fortified with 1% beetroot powder and 
the control stirred yoghurt either fresh or during cold 
storage at 5°C for 15 days. It could be noticed that 
supplementation of stirred yoghurt with beetroot pow-
der associated with the increasing of fat, total protein, 
carbohydrates, and ash. These increases are due to the 
relative increase of these nutrients in beetroot powder. 

As illustrated in Figure 1, beetroot showed the 
highest content of total phenolic compounds and to-
tal flavonoids followed by stirred yoghurt containing 
probiotic and 2% beetroot powder. Stirred yoghurt 
containing only probiotic was the lowest in total phe-
nolic compounds and total flavonoids. The content 
of total phenolic of probiotic fortified stirred yoghurt 
is related to the fortification with beetroot powder as 
beetroot is a good source of polyphenols as confirmed 
in our results and the results of Barbu et al. (2020) who 
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reported that beetroot is a good source of flavonoids 
and phenolic compounds including betalains, gallic, 
syringic, and caffeic acids. 

As illustrated in Figure 2, free radical scavenger 
activity was increased with the increment of concen-
tration of all samples or standard. BHT showed the 
highest free radical scavenger activity in all used con-
centration compared with beetroot powder or differ-
ent stirred yoghurt samples. Beetroot powder was the 
highest scavenger of DPPH radical compared with all 
stirred yoghurt samples, followed by stirred yoghurt 
containing probiotic and 2% beetroot powder, while 
stirred yoghurt containing probiotic only was the low-
est scavenger of the DPPH radical. Barbu et al. (2020) 
reported that the antioxidant activity of beetroot is 
mainly due to its betalains (betacyanins, betaxan-
thins, betanin and isobetanin) content. He also found 
that adding probiotic bacteria (Lactobacillus planta-
rum) to fresh beet slices increased the concentration 

Table 1. Change in chemical composition of stirred yoghurt samples during storage period at 5 ±2°C for 15 days

Parameters Sample
Storage period, days

p-value
zero 5 10 15

TS% control 15.61a ±0.002 15.75a ±0.03 15.94a ±0.003 16.18a ±0.003 0.000

T1 16.57a ±0.01 16.74b ±0.02 16.89c ±0.02 17.15d ±0.01 0.000

T2 17.14a ±0.01 17.31b ±0.02 17.80c ±0.01 18.03d ±0.04 0.000

TP% control 4.35b ±0.01 3.70a ±0.33 4.36b ±0.01 4.41b ±0.02 0.044

T1 4.87a ±0.24 4.38a ±0.01 4.40a ±0.01 4.60a ±0.22 0.207

T2 4.46a ±0.01 4.46a ±0.01 4.46a ±0.02 4.49a ±0.02 0.266

Fat% control 3.53a ±0.10 3.54a ±0.10 3.61a ±0.02 3.62a ±0.01 0.686

T1 3.62a ±0.01 3.62a ±0.01 3.64ab ±0.01 3.66b ±0.01 0.045

T2 3.66a ±0.01 3.67a ±0.01 3.67a ±0.01 3.70a ±0.02 0.169

Ash% control 0.80a ±0.01 0.82a ±0.01 0.80a ±0.01 0.82a ±0.01 0.560

T1 0.80a ±0.01 0.81ab ±0.01 0.84bc ±0.01 0.85c ±0.01 0.028

T2 0.83ab ±0.01 0.82a ±0.01 0.83ab ±0.01 0.86b ±0.01 0.110

Carbohydrate control 6.73a ±0.02 6.90b ±0.01 7.04c ±0.02 7.22d ±0.01 0.000

T1 7.74a ±0.05 7.85a ±0.05 8.03b ±0.02 8.26c ±0.08 0.001

T2 8.29a ±0.05 8.43a ±0.03 8.95b ±0.04 9.10c ±0.05 0.000

The same letter in each row denotes a non-significant difference, whereas a different letter denotes a significant difference by Dun-
can’s test. The confidence level is 95%. The data are expressed as mean values ±standard error. 
TS – total solids, TP – total protein, control – probiotic stirred yoghurt, T1 – probiotic stirred yoghurt –fortified by 1% beetroot 
powder, T2 – probiotic stirred yoghurt fortified by 2% beetroot powder.

Fig. 1. Total phenolic compounds and total flavonoids con-
tents in beetroot and different stirred yoghurt samples
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of betalains, and this was attributed to the possibil-
ity of extractability increasing of betalains. Thus, in 
our study, the combination of beetroot and probiotics 
may be behind the antioxidant activity of the fortified 
stirred yoghurt. 

As shown in Figure 3, beetroot powder was the 
highest in reducing power followed by stirred yoghurt 
containing probiotic and 2% beetroot powder. Stirred 
yoghurt containing probiotic only was the lowest in re-
ducing power. The reducing power activity increased 
with the increment of all sample’s concentration. 

As shown in Table 2, the acidity increased grad-
ually, while the pH decreased in the stirred yoghurt 

supplemented with beetroot powder. This might be 
due to the acid production in the experimental stirred 
yoghurt during storage as a result of the fermentation 
of lactose by the action of the starter cultures. The pH 
of the stirred yoghurt samples was decreased by ad-
dition of beetroot powder due to the acidic nature of 
beetroot. The water holding capacity (WHC) was re-
corded as having a higher value in control than stirred 
yoghurt fortified with beetroot powder. The addition 
of beetroot powder caused a decrease of water hold-
ing capacity in all treatments, while WHC increased 
during cold storage at 5°C for 15 days for all stirred 
yoghurt samples. The effect of beetroot powder on the 
water holding capacity may be attributed to the pres-
ence of fiber retaining more aqueous phase and/or the 
increased softness of the gel matrix. 

Instrumental measurements of color are based on 
the determination of three parameters, i.e., L (% white-
ness), a color red (+) to green (–) and b color yellow 
(+) to blue (–). Table 3 shows decreases in whiteness 
with the increased percentage of added beetroot pow-
der in stirred yoghurt which can be attributed to the 
reddish color of beetroot powder. The a value of stirred 
yoghurt increased with the increase of beetroot pow-
der in stirred yoghurt fortified with beetroot powder. 
The reddish degree was increased in probiotic stirred 
yoghurt fortified with either 1% beetroot powder or 
2% beetroot but remained stable in control during cold 
storage period at 5°C for 15 days.

As shown in Table 3, all yoghurt samples had ac-
ceptability at the zero time. Control samples molded 
after 15 days of storage. The stirred yoghurt fortified 
with beetroot powder had higher scores for flavor than 
the control yoghurt. The probiotic stirred yoghurt for-
tified with 1% beetroot powder recorded the most ac-
ceptability until the end of storage period compared 
with the probiotic stirred yoghurt fortified with 2% 
beetroot powder and control yoghurt. Generally, for-
tification of the stirred yoghurt with beetroot powder 
improved the sensory properties and extent of the 
self-life. Because the nutrients were more easily ac-
cessible from beetroot, the lactic fermentation process 
occurred, contributing to the unique organoleptic im-
pression of the stirred yoghurt.

As illustrated in Figure 4, the viscosity of the 
stirred yoghurt fortified with 2% of beetroot increased 
over the storage period. This may be due to an increase 

Fig. 2. Free radical scavenger activity of BHT, beetroot 
powder and stirred yoghurt samples

Fig. 3. Reducing power activity of BHT, beetroot powder, 
and stirred yoghurt samples
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in the total solids in addition to the presence of beet-
root powder.

Data in Table 4 show that Bifidobacterium counts 
were significantly higher in stirred yoghurt containing 

beetroot compared to the control yoghurt. The Bifi-
dobacterium counts significantly improved with the 
storage period in all samples. It increased 0.22 and 
1.13 log cycle for stirred yoghurt T1 and T2 samples, 

Table 2. Change in pH, acidity%, and physical properties of stirred yoghurt samples during storage period at 5 ±2°C for 15 
days

Parameters Samples
Storage period, days

p-value
zero 5 10 15

pH control 4.85c ±0.01 4.81b ±0.01 4.77a ±0.01 4.74a ±0.01 0.000

T1 4.84c ±0.01 4.74b ±0.01 4.69a ±0.01 4.67a ±0.01 0.000

T2 4.78c ±0.01 4.67b ±0.01 4.66b ±0.01 4.60a ±0.01 0.000

Acidity% control 0.95a ±0.01 1.01a ±0.01 1.14b ±0.01 1.19b ±0.03 0.000

T1 1.21a ±0.01 1.26b ±0.01 1.31c ±0.01 1.34d ±0.01 0.000

T2 1.29a ±0.01 1.31ab ±0.01 1.34b ±0.01 1.40c ±0.01 0.000

WHC% control 11.70a ±0.33 14.00b ±0.23 18.05c ±0.23 21.04d ±0.13 0.000

T1 10.74a ±0.32 10.60a ±0.21 15.92b ±0.05 15.78b ±0.35 0.000

T2 9.17a ±0.16 10.72b ±0.56 13.42c ±0.42 12.46c ±0.33 0.000

Hardness control 0.05a ±0.01 0.41b ±0.01 0.85c ±0.04 0.85c ±0.10 0.000

T1 0.08a ±0.01 0.52b ±0.01 0.94c ±0.01 0.84c ±0.10 0.000

T2 0.12a ±0.01 0.73b ±0.01 0.97c ±0.01 0.94c ±0.11 0.000

Cohesiveness control 0.63a ±0.10 0.43a ±0.02 0.49a ±0.06 0.50a ±0.08 0.294

T1 0.53c ±0.05 0.38ab ±0.05 0.46bc ±0.02 0.27a ±0.06 0.016

T2 0.47a ±0.07 0.39a ±0.03 0.36a ±0.06 0.52a ±0.07 0.256

Springiness control 0.77c ±0.03 0.42a ±0.03 0.59b ±0.04 0.54b ±0.04 0.001

T1 0.71b ±0.03 0.43a ±0.06 0.58ab ±0.04 0.48a ±0.04 0.012

T2 0.57b ±0.04 0.38a ±0.03 0.52b ±0.04 0.53b ±0.05 0.044

Gumminess control 0.03a ±0.01 0.17b ±0.01 0.34c ±0.02 0.29bc ±0.07 0.002

T1 0.04a ±0.01 0.25b ±0.01 0.43c ±0.10 0.24b ±0.02 0.005

T2 0.05a ±0.01 0.36b ±0.02 0.44b ±0.02 0.42b ±0.05 0.000

Chewiness control 0.14a ±0.12 0.05a ±0.01 0.18a ±0.01 0.23a ±0.02 0.227

T1 0.03a ±0.01 0.07ab ±0.01 0.15b ±0.07 0.13ab ±0.02 0.125

T2 0.03a ±0.01 0.14b ±0.01 0.28c ±0.02 0.26c ±0.03 0.000

The same letter in each row denotes a non-significant difference, whereas a different letter denotes a significant difference by Dun-
can’s test. The confidence level is 95%. The data are expressed as mean values ±standard error.
TS – total solids, TP – total protein, control – probiotic stirred yoghurt, T1 – probiotic stirred yoghurt fortified by 1% beetroot 
powder, T2 – probiotic stirred yoghurt fortified by 2% beetroot powder.
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respectively. Similarly, counts of Lactobacilli with 
1% and 2% beetroot increased gradually during cold 
storage. The increases for lactobacilli reached 0.66 
and 0.88 log cycle for stirred yoghurt fortified with 
1% and 2% beetroot samples, respectively. The same 
trend of results was observed for streptococci as the 
counts gradually increased during storage. The counts 
reached 9.11, 9.77 and 10.30 log CFU/ml for control, 
stirred yoghurt fortified with 1% and 2% beetroot 
samples, respectively, at the end of storage. Also, our 

results found little increase in the total bacterial counts 
of stirred yoghurt samples during the storage periods. 
The increases in total bacterial counts were recorded 
as 0.48, 0.63, and 1.03 log cycle for control, stirred 
yoghurt fortified with 1% and 2% beetroot samples, 
respectively. Moreover, there were no detected counts 
for mold and yeast for the first five days. A few counts 
were detected later at 10 days of storage. These counts 
reached 1.57, 1.75, and 1.75 log CFU/ml for control, 
stirred yoghurt fortified with 1% and 2% beetroot 

Table 3. Changes in color and sensorial properties of stirred yoghurt samples during storage period at 5 ±2°C for 15 days

Parameters Samples
Storage period, days

p-value
zero 5 10 15

Color

L* control 93.69d ±0.01 93.61c ±0.02 93.50b ±0.01 93.45a ±0.01 0.000

T1 66.25a ±0.02 86.71d ±0.01 71.23b ±0.02 73.69c ±0.03 0.000

T2 58.70a ±0.01 60.41b ±0.02 62.13c ±0.03 63.82d ±0.03 0.000

a* control –1.06 ±0.01 –1.31 ±0.02 –1.55 ±0.03 –1.79 ±0.02 0.000

T1 26.07d ±0.03 20.72c ±0.04 15.24b ±0.18 10.68a ±0.22 0.000

T2 27.81d ±0.02 23.21c ±0.02 18.71b ±0.02 14.21a ±0.01 0.000

b* control 14.37a ±0.12 15.09b ±0.01 15.69c ±0.02 16.29d ±0.03 0.000

T1 0.78a ±0.03 5.53b ±0.02 10.27c ±0.02 15.25d ±0.28 0.000

T2 1.38a ±0.02 10.84b ±0.02 20.31c ±0.02 29.79d ±0.02 0.000

Sensorial properties

Flavor control 55.70a ±0.42 55.50a ±0.34 55.30a ±0.52 55.40a ±0.48 0.931

T1 56.40a ±0.48 57.20a ±0.44 57.50a ±0.50 56.70a ±0.60 0.429

T2 57.60c ±0.48 56.10b ±0.41 55.40b ±0.48 50.90a ±0.50 0.000

Appearance control 8.80c ±0.33 8.60c ±0.31 7.30b ±0.30 6.00a ±0.33 0.000

T1 9.30b ±0.26 8.90b ±0.28 9.00b ±0.26 7.60a ±0.37 0.001

T2 8.90c ±0.28 7.80b ±0.33 7.20b ±0.36 5.20a ±0.33 0.000

Body  
and texture

control 28.40b ±0.45 28.20b ±0.44 28.40b ±0.37 25.60a ±0.37 0.000

T1 29.00c ±0.33 28.40bc ±0.37 27.50ab ±0.40 26.80a ±0.44 0.002

T2 28.80c ±0.29 25.80b ±0.42 25.40ab ±0.58 24.20a ±0.42 0.000

The same letter in each row denotes a non-significant difference, whereas a different letter denotes a significant difference by Dun-
can’s test. The confidence level is 95%. The data are expressed as mean values ±standard error.
TS – total solids, TP – total protein, control – probiotic stirred yoghurt, T1 – probiotic stirred yoghurt fortified by 1% beetroot 
powder, T2 – probiotic stirred yoghurt fortified by 2% beetroot powder.
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samples, respectively, by the end of the storage period. 
Our obtained results indicated that beetroot powder 

was able to enhance the lactic acid bacteria counts 
in the stirred yoghurt and during storage. Counts of 

Table 4. Microbiological analysis of stirred yoghurt samples during cold storage at 5 ±2°C for 15 days

Microorganisms Time of storage
day

Yoghurt’ samples

control T1 T2

Bifidobacterium 
lactis

zero 9.05ab ±0.03 9.14a ±0.03 9.20a ±0.46

5 9.15b ±0.03 9.25b ±0.02 9.89ab ±0.01

10 8.45a ±0.37 9.31bc ±0.04 10.31b ±0.01

15 9.13b ±0.06 9.36c ±0.02 10.33b ±0.06

p-value 0.050 0.004 0.028

Lactobacilli zero 9.13a ±0.01 9.19a ±0.01 9.40a ±0.03

5 7.17ab ±0.02 9.26a ±0.04 9.75b ±0.03

10 9.19b ±0.01 9.74b ±0.07 10.26c ±0.02

15 9.18b ±0.02 9.85b ±0.03 10.34c ±0.03

p-value 0.050 0.000 0.000

Streptococci zero 8.99a ±0.01 9.10a ±0.02 9.11a ±0.04

5 9.10a ±0.05 9.14a ±0.03 9.62b ±0.13

10 9.15a ±0.08 9.62b ±0.09 9.77b ±0.15

15 9.11a ±0.02 9.77b ±0.12 10.30c ±0.05

p-value 0.173 0.000 0.000

Total bacterial 
counts

zero 7.33a ±0.17 7.42a ±0.16 7.60a ±0.30

5 7.58ab ±0.14 7.74ab ±0.12 7.87ab ±0.09

10 7.73b ±0.07 7.96b ±0.03 8.25bc ±0.13

15 7.81b ±0.03 8.05b ±0.03 8.63c ±0.15

p-value 0.050 0.011 0.019

Mold and yeast zero nil nil nil

5 nil nil nil

10 1.17a ±0.09 1.03a ±0.03 1.17a ±0.09

15 1.57b ±0.18 1.75b ±0.03 1.75b ±0.07

p-value 0.000 0.000 0.000

For each stirred yoghurt sample and during the storage period (zero–15 day) the same letter means non-significant difference while 
a different letter means a significant difference in each microorganism by Duncan’s test. The confidence level is 95%. The data are 
expressed as mean values ±standard error.
Control – probiotic stirred yoghurt, T1 – probiotic stirred yoghurt fortified by 1% beetroot powder, T2 – probiotic stirred yoghurt 
fortified by 2% beetroot powder.
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probiotic strains in stirred yoghurt samples were 
greater than 107 CFU/ml during refrigerated storage. 
Also, Barbu et al. (2020) found that adding probiotic 
bacteria (Lactobacillus plantarum) to fresh beet slices 
increased the vitality of the cells, and this was attribut-
ed to the nutrients in the beetroot slices as lactic acid. 
Bacteria have easier access to beetroot nutrients (car-
bohydrates and proteins as sources of C and N, respec-
tively), which explains the rise in probiotic numbers.

In this work, rats were fed a high-fat diet and then 
injected with STZ to create a type 2 diabetes model. 

To generate diabetic dyslipidemia in rats, the rats were 
kept on the same high-fat diet after they developed 
diabetes.

After one month of feeding rats a high fat diet, 
there was a modest rise in body weight gain, but it 
was not statistically significant. The total food intake 
recorded by rats fed on balanced diet significantly dif-
fered than those recorded by rats fed on high fat diet 
(Table 5). Although the amount of food consumed 
in the group that was fed on the diet with high-fat 
content was significantly less than the control group. 

Fig. 4. Changes in apparent viscosity of stirred yoghurt samples during storage period 
at 5 ±2°C for 15 days: C – control stirred yoghurt, T1 – probiotic stirred yoghurt fortified 
by 1% beetroot powder, T2 – probiotic stirred yoghurt fortified by 2% beetroot powder

Table 5. Nutritional parameters after one month of the animal study (prior the injection of STZ)

Parameters
Rats’ groups

p-valuenormal control
(n = 6)

HFD
(n = 24)

Initial body weight, g 117.33 ±6.18 117.37 ±3.15 0.694

Final body weight, g 188.83 ±10.08 195.58 ±2.84 0.254

Body weight gain, g 71.50 ±4.05 78.21 ±2.29 0.273

Total food intake, g 535.67 ±41.46 460.96* ±6.45 0.008

Food efficiency ratio 0.14 ±0.01 0.17 ±0.01 0.652

*Significant at confidence interval 95%.
The data are expressed as mean values ±standard error. Data were statically analyzed by Student’s t-test.

http://dx.doi.org/10.17306/J.AFS.2021.0953


Mohamed, D. A., El-Sayed, H. S., Abd El-Gawad, M. A. M., Abdelgayed, S. S., Hamed, I. M., Mohamed, R. S. (2021). Characterization 
of stirred yoghurt enriched with probiotics and beetroot and its therapeutic potential in experimental type 2 diabetes. Acta Sci. 
Pol. Technol. Aliment., 20(4), 429–448. http://dx.doi.org/10.17306/J.AFS.2021.0953

440 www.food.actapol.net/

The needed calories are obtained and the rest is stored 
in the form of fat that increases weight (Leaf and An-
tonio, 2017). In a previous study, rats which were fed 
a high-fat diet did not gain a higher weight than nor-
mal rats, but rather lipids accumulated in the liver and 
increased in blood resulted in fatty liver and dyslipi-
demia (Mohamed et al., 2019).

At the end of the animal experiment, there was 
a significant reduction in the final body weight and 
thus a significant reduction in the body weight gain of 
diabetic rats compared to rats fed on a balanced diet. 
Although a significant increase in the total food in-
take was recorded by diabetic rats treated with control 
and fortified yoghurt compared to diabetic rats fed on 
high-fat diet, these rats recorded body weight gain 
near to that recorded by diabetic rats fed on a high-
fat diet and significantly less than that recorded by 
rats fed on balanced diet (Table 6). There was no sig-
nificant difference in heart weight among the groups 
while a significant increase in liver weight of all dia-
betic groups was observed compared to non-diabetic 
group.

As shown in Table 7, glucose, HbA1c, insulin, and 
IR were found to be increased significantly (P ≤ 0.05) 
in diabetic rats feeding on the high fat diet compared to 
normal rats. In the same manner, creatinine, urea, AST, 
and ALT were significantly higher in diabetic rats than 
in control rats. It is known that the insulin resistance 
is caused by a high-fat diet and in obesity which may 
be followed by the development of diabetes. A high- 
-fat diet followed by low-dose streptozotocin injection 
causes partial destruction of beta cells in rats and thus 
induces hyperglycemia with inadequate insulin. The 
excess glucose binds by hemoglobin result in increased 
HbA1c. The elevated HbA1c increases the production 
of oxygen radicals. Also, the excess glucose causes 
an increase in advanced glycated end products, which 
contribute to kidney damage (Rout et al., 2020). Glu-
cose, HbA1c, insulin, and IR were considerably lower 
in diabetic rats treated with control stirred yoghurt and 
fortified probiotic stirred yoghurt either with 1% or 2% 
of beetroot powder. Treatment with control stirred yo-
ghurt and fortified probiotic stirred yoghurt either with 
1% or 2% of beetroot powder suppressed the elevation 

Table 6. Nutritional parameters at the end of the animal study (two months)

Parameters
Rats’ groups

p-value
NC D-HFD D-HFD + CY D-HFD + 1%Y D-HFD + 2%Y

Initial body weight, g 202.83b ±9.61 175.00a ±6.42 175.33a ±7.94 175.00a ±4.86 175.00a ±5.61 0.035

Final body weight, g 251.67b ±5.76 206.83a ±5.22 205.83a ±8.81 206.33a ±3.25 204.67a ±4.73 0.000

Body weight gain, g 48.83b ±5.27 31.83a ±2.91 30.50a ±2.43 31.33a ±2.04 29.67a ±2.32 0.001

Total food intake, g 515.83c ±11.07 436.83a ±5.64 470.00b ±7.83 471.50b ±6.21 461.33b ±9.53 0.000

Food efficiency ratio 0.10b ±0.01 0.07a ±0.01 0.06a ±0.01 0.07a ±0.01 0.06a ±0.01 0.033

Liver weight, g 5.59a ±0.34 6.93b ±0.30 6.80b ±0.17 6.65b ±0.17 6.46b ±0.14 0.004

Liver weight, % 2.23a ±0.17 3.37b ±0.21 3.33b ±0.15 3.22b ±0.06 3.16b ±0.06 0.000

Heart weight, g 0.71a ±0.03 0.76a ±0.01 0.76a ±0.03 0.71a ±0.02 0.70a ±0.03 0.217

Heart weight, % 0.28a ±0.01 0.37b ±0.01 0.37b ±0.02 0.35b ±0.01 0.34b ±0.01 0.002

The same letter in each row denotes a non-significant difference, whereas a different letter denotes a significant difference by Dun-
can’s test. The confidence level is 95%. The data are expressed as mean values ±standard error. 
CN – control normal group, D-HFD – diabetic rats fed on high fat diet, D-HFD + CY – diabetic rats fed on high fat diet and treated 
with control stirred yoghurt, D-HFD + 1%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified 
by 1% beetroot powder, D-HFD + 2%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 
2% beetroot powder.
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in creatinine, urea, AST, and ALT. The hypoglycemic 
effect of enriched yoghurt with probiotic and beetroot 
may be due to not only the probiotics, which have a va-
riety of health benefits, including anti-diabetic effect 
and lowering cholesterol (Kocsis et al., 2020), but also 
to the antioxidant betalains in beetroot, which fight 
the radical oxidative stress via the electron denoting 
activity (Ninfali et al., 2017) which applies a positive 
effect on β-cells. This activates the insulin receptors 
and liberates insulin to decrease the blood glucose and 
accelerate the peripheral glucose utilization.

As evident from Table 8, the diabetic rats recorded 
significant elevations in total cholesterol, triglycer-
ides, low-density lipoprotein cholesterol, non-HDL 
cholesterol, and very low low-density lipoprotein. Ad-
ditionally, Ch/HDL and TG/HDL ratios considerably 
elevated in these rats. HDL-Ch significantly decreased 
in the diabetic rats compared to normal rats. The high 
fat diet causes dyslipidemia (Mohamed et al., 2018). 
The high level of trans-fatty acids in the diet raises the 
total cholesterol, LDL cholesterol, and triglycerides, 
and decreases HDL cholesterol levels. Additionally, it 
induces inflammation and dysregulates the endothe-
lial function (Micha and Mozaffarian, 2008). Also, 

a lack of insulin leads to decreased lipoprotein lipase 
activity and the cholesterol ester transport protein; 
hence, the serum LDL-C increases, leading to type 
2 diabetic dyslipidemia as reported by Taskinen and 
Boren (2015). Treatment with control stirred yoghurt 
and fortified probiotic stirred yoghurt either with 1% 
or 2% of beetroot powder suppressed the elevation in 
total cholesterol, triglycerides, low-density lipoprotein 
cholesterol, non-HDL cholesterol, and very low low- 
-density lipoprotein. In addition to the positive role of 
enriched stirred yoghurt with probiotics in prevention 
of diabetic dyslipidemia and hypercholesterolemia via 
the inhibition of HMG-CoA reductase enzyme (Kocsis 
et al., 2020), the roots of beet contain several bioac-
tive compounds, including dietary nitrate, betanin, an-
tioxidants, polyphenols, minerals (potassium, sodium, 
iron, copper, magnesium, calcium, phosphorus, and 
zinc), and vitamins, which also play a key role in the 
prevention of dyslipidemia and as cardio-protective 
agents. In addition, the dietary fiber in beetroot reduc-
es the concentration of blood cholesterol via elevating 
bile acid and short-chain fatty acid; thus promoting the 
proliferation of beneficial bacteria, which maximizes 
the benefit in reducing blood lipids (Baião et al., 2020).

Table 7. Effect of control and fortified stirred yoghurt samples on glucose, HbA1c, insulin, IR, and kidney functions

Parameters
Rats’ groups

p-value
CN D-HFD D-HFD + CY D-HFD + 1%Y D-HFD + 2%Y

Glucose, mg/dl 72.49a ±5.56 252.13c ±7.23 113.51b ±3.85 101.84b ±7.71 98.12b ±4.64 0.000

HbA1c, % 4.38a ±0.11 7.85d ±0.08 5.10c ±0.11 4.90bc ±0.17 4.56ab ±0.17 0.000

Insulin, mU/l 4.13a ±0.07 6.62d ±0.09 5.42c ±0.14 5.07b ±0.08 4.78b ±0.09 0.000

IR 0.74a ±0.07 4.12d ±0.15 1.52c ±0.08 1.27bc ±0.10 1.15b ±0.04 0.000

Creatinine, mg/dl 0.39a ±0.02 0.67c ±0.04 0.57bc ±0.04 0.53b ±0.05 0.51ab ±0.05 0.002

Urea, mg/dl 24.89a ±0.63 37.04c ±1.05 31.12b ±1.21 30.02b ±1.15 29.10b ±0.60 0.000

AST, U/l 43.50a ±1.33 63.17c ±1.08 48.00b ±0.73 46.40b ±0.55 46.60b ±0.42 0.000

ALT, U/l 27.17a ±0.83 41.83c ±0.94 32.80b ±0.87 28.00a ±0.58 27.20a ±0.70 0.000

The same letter in each row denotes a non-significant difference, whereas a different letter denotes a significant difference by Dun-
can’s test. The confidence level is 95%. The data are expressed as mean values ±standard error.
CN – control normal group, D-HFD – diabetic rats fed on high fat diet, D-HFD + CY – diabetic rats fed on high fat diet and treated 
with control stirred yoghurt, D-HFD + 1%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified 
by 1% beetroot powder, D-HFD + 2%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 
2% beetroot powder.
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Dysfunction of the thyroid gland is associated with 
many factors, including diabetes (Ige et al., 2019). 
As far as we know, studies that dealt with the effect 
of natural products on thyroid dysfunction associated 
with diabetes were little which prompted us to evaluate 
the role of the enriched stirred yoghurt with probiotics 
and beetroot in preventing thyroid dysfunction in dia-
betic rats. Through the results of the study (Table 9), 

it was confirmed that there was an increase in TSH in 
type 2 diabetic rats compared to non-diabetic rats. The 
enriched stirred yoghurt with probiotics and beetroot 
suppressed the elevation in TSH. This effect may be 
due to the probiotics that are capable of modifying the 
gut microbiota especially since the imbalance in the 
gut microbiota in diabetics is the cause of thyroid dys-
function through increasing intestinal permeability, 

Table 8. Effect of control and fortified stirred yoghurt samples on lipid profile

Parameters
Rats’ groups

p-value
CN D-HFD D-HFD + CY D-HFD + 1%Y D-HFD + 2%Y

T. cholesterol, mg/dl 101.99a ±4.57 246.65d ±8.13 188.63c ±13.12 153.10b ±7.97 135.44b ±12.06 0.000

TG, mg/dl 5.52a ±0.11 145.44c ±9.34 102.82b ±4.62 84.53a ±3.14 80.63a ±2.95 0.000

HDL, mg/dl 37.04c ±1.09 26.25a ±0.84 27.62a ±0.70 31.04b ±0.87 32.71b ±0.75 0.000

LDL, mg/dl 50.56a ±3.97 191.30d ±7.58 140.44c ±12.50 105.16b ±8.18 86.61b ±11.79 0.000

Ch./HDL 2.76a ±0.13 9.41d ±0.22 6.85c ±0.51 4.94b ±0.25 4.13b ±0.33 0.000

TG/HDL 1.95a ±0.16 5.56d ±0.36 3.73c ±0.17 2.73b ±0.11 2.46ab ±0.06 0.000

Non-HDL cholesterol, 
mg/dl

64.95a ±4.36 220.39d ±7.52 161.01c ±13.14 122.06b ±7.78 102.73b ±11.73 0.000

VLDL, mg/dl 14.39a ±1.10 29.09c ±1.87 20.56b ±0.92 16.91a ±0.63 16.13a ±0.59 0.000

The same letter in each row denotes a non-significant difference, whereas a different letter denotes a significant difference by Dun-
can’s test. The confidence level is 95%. The data are expressed as mean values ±standard error.
CN – control normal group, D-HFD – diabetic rats fed on high fat diet, D-HFD + CY – diabetic rats fed on high fat diet and treated 
with control stirred yoghurt, D-HFD + 1%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified 
by 1% beetroot powder, D-HFD + 2%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 
2% beetroot powder.

Table 9. Effect of control and fortified stirred yoghurt samples on TSH, CRP, and MDA

Parameters
Rats’ groups

p-value
CN D-HFD D-HFD + CY D-HFD + 1%Y D-HFD + 2%Y

TSH, ng/ml 0.54a ±0.04 14.02d ±0.49 9.05c ±0.30 8.40c ±0.33 6.52b ±0.18 0.000

CRP, ng/ml 2.67a ±0.09 5.15d ±0.18 4.53c ±0.90 4.17b ±0.08 3.85b ±0.11 0.000

MDA, nmol/ml 6.15a ±0.10 11.92c ±0.43 7.27b ±0.17 7.03b ±0.14 6.75ab ±0.13 0.000

The same letter in each row denotes a non-significant difference, whereas a different letter denotes a significant difference by Dun-
can’s test. The confidence level is 95%. The data are expressed as mean values ±standard error.
CN – control normal group, D-HFD – diabetic rats fed on high fat diet, D-HFD + CY – diabetic rats fed on high fat diet and treated 
with control stirred yoghurt, D-HFD + 1%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified 
by 1% beetroot powder, D-HFD + 2%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 
2% beetroot powder.
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and a shift to pro-inflammatory cells (Fröhlich and 
Wahl, 2019) and its effect on dopamine, that can in-
hibit TSH (Knezevic et al., 2020).

On the one hand, significant elevations in CRP and 
MDA were noted in diabetic rats feeding on the high 
fat diet compared to non-diabetic rats. On the other 
hand, diabetic rats treated with control stirred yoghurt 
and, more promisingly, fortified stirred yoghurt for-
tified with 2% beetroot powder, recorded CRP and 
MDA values significantly less than those of un-treated 
diabetic rats (Table 9). In addition to this, the high-fat 
diet promotes oxidative stress and increased inflam-
matory cytokines (Mohamed et al., 2020). Also, STZ 
injection induces oxidative stress, catalyzes the islet 
inflammatory cytokines and pancreatic β-cell apop-
tosis and decreases the antioxidant enzymes (Elfar et 
al., 2016). Xu et al. (2021) also found that CRP in-
creased in type 2 diabetic rats. The antioxidant activity 
of enriched stirred yoghurt with beetroot might con-
tribute to the inhibitory effect of increased MDA and 
CRP. Probiotic microorganisms and their biological 
metabolites are one of the most common exogenous 
antioxidant compounds. Also, the antioxidant effect of 
the beetroot phytochemicals may contribute to the in-
hibitory effect of increased MDA and CRP. Addition-
ally, feeding rats on a high-fat diet led to a decrease 
in the number of beneficial bacteria (Table 10), which 

causes the microbial imbalance (dysbiosis) responsi-
ble for the increase in inflammation as confirmed also 
by Arias-Jayo et al. (2018). Thus, the dietary interven-
tion with yoghurt containing probiotics can be attrib-
uted to reducing inflammation by modifying the gut 
microbiota. 

The microbiota counts of rats before and after 
feeding on HFD changed after feeding on the high-
fat diet for one month (Table 10). The counts of Bi-
fidobacterium sp. decreased in the rats’ group that 
were fed on HFD and this decrease was around 2.24 
log cycles. But the counts of Bifidobacterium sp. in 
the normal rats’ group was still in the same log cy-
cle after 1 month. The same result was observed in 
lactobacilli counts, in which the counts of lactobacilli 
had declined after a month of feeding rats on HFD and 
reached 4.68 log CFU/g and reached 5.31 log CFU/g 
in normal rats’ group. Also, the total bacterial counts 
changed to 6.16 log CFU/g and 6.23 log CFU/g in 
feeding rats on HFD and normal groups, respectively. 
Dissimilarly, rats feeding on the HFD were character-
ized by an increased relative abundance of coliform 
to reach 5.05 log CFU/g in comparison with the rats’ 
normal group, which recorded 4.48 log CFU/g.

The microbial counts of rats’ feces after feeding 
on different stirred yoghurt samples were observed 
in Table 11. The counts of Bifidobacterium sp. were 

Table 10. Microbial counts of rats’ feces before and after feeding on the high fat diet (HFD)

Microorganisms Time of feeding 
on HFD

Rats’ groups
p-valuecontrol normal

(n = 6)
HFD

(n = 24)

Bifidobacterium sp. zero 6.74 ±0.10 6.75 ±0.60 0.959

1 month 6.14 ±0.33 4.51* ±0.07 0.005

Lactobacilli zero 6.72 ±0.16 6.68 ±0.06 0.135

1 month 5.51 ±0.28 4.68* ±0.15 0.000

Total bacterial counts zero 6.55 ±0.60 6.66 ±0.70 0.075

1 month 5.31 ±0.28 6.74 ±0.17 0.561

Coliforms group zero 6.23 ±0.17 6.14 ±0.11 0.123

1 month 4.48 ±0.20 5.04 ±0.17 0.372

*Significant at confidence interval 95%.
The data are expressed as mean values ±standard error. Data were statically analyzed by Student’s t-test.
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increased in the rats’ feces that feeding on stirred yo-
ghurt fortified with beetroot and probiotic strains. The 
counts of Bifidobacterium sp. were recorded 6.92 log 
CFU/g in feeding group on traditional stirred yoghurt 
and recorded 7.10 and 7.22 log CFU/g in feeding 
groups on stirred yoghurt with 1% and 2 % beetroot 
and probiotic strains, respectively. But the Bifidobac-
terium sp. counts were less in normal and diabetic 
groups, which recorded 5.83 and 5.27 log CFU/g, 
respectively. The same trend of results was observed 
for lactobacilli. The high counts of lactobacilli in rats’ 
feces after feeding were recorded for group feeding on 
stirred yoghurt fortified with 1% and 2% beetroot with 
probiotic strains compared with normal and diabetic 
groups. The lactobacilli counts were recorded 6.76, 
6.75, and 7.20 log CFU/g in rats’ groups feeding on 
traditional stirred yoghurt, stirred yoghurt contained 
probiotic strains and 1% and 2% beetroot, respective-
ly. Moreover, our results did not indicate a significant 
difference in the total bacterial counts in all the rats’ 
feces groups after feeding. The total microbial counts 
were recorded in 5 log cycles in all the groups. In com-
parison, the high count of coliforms were recorded in 
the diabetic rats’ group, which reached to 5.95 log 
CFU/g, followed with rats in normal group (4.71 log 
CFU/g). Low numbers of coliforms were recorded for 
rats’ groups feeding on stirred yoghurt fortified with 
1% and 2% beetroot with probiotic strains (2.98 and 
2.79 log CFU/g, respectively). Our results indicated 
that the feeding rats on stirred yoghurt supplemented 

with beetroot and probiotic strains enhanced the mi-
crobiotia of rats.

Histopathological findings of liver sections 
(Fig. 5) illustrated the normal structure of the control 
rats’ liver which was formed from polygonal lobules, 
whilst the outlines of the lobules were indistinct. 
Hepatocytes were polyhedral in shape, had vesicular 
spherical nuclei with prominent nucleoli and eosino-
philic cytoplasm. Hepatocytes were arranged in cords 
that radiated out from the center of each lobule where 
the central vein situated and between these hepatic 
cords were the hepatic sinusoids which are localized 
in between the cords and contained a fine arrange-
ment of Kupffer cells (Fig. 5a). The diabetic rats re-
vealed massive diffuse fatty degeneration in the form 
of round circumscribed round vacuolated hepato-
cytes with peripheral nuclei in the form of signet ring 
appearance. Moreover there were marked portal tract 
changes in the form of congestion in the hepatopor-
tal blood vessel and mononuclear cells infiltration 
(Fig. 5b). Diabetic rats fed on the high-fat diet and 
treated with control stirred yoghurt denoted regres-
sion in the distribution of fatty degeneration compared 
to that of the control group to become a multifocal 
diffuse pattern – there was no congestion or mononu-
clear cells infiltration (Fig. 5c). Diabetic rats fed on 
the high-fat diet and treated with probiotic stirred yo-
ghurt fortified by 1% beetroot powder revealed mild 
focal distribution of fatty degeneration without con-
gestion or mononuclear cells infiltration (Fig. 5d).  

Table 11. Microbial counts of rats’ feces at the end of the experiment

Microorganisms
Rats’ groups

p-value
CN D-HFD D-HFD + CY D-HFD + 1%Y D-HFD + 2%Y

Bifidobacterium sp. 5.83b ±0.31 5.27a ±0.12 6.92c ±0.10 7.10c ±0.09 7.22c ±0.13 0.000

Lactobacilli 5.90a ±0.09 5.52a ±0.14 6.76b ±0.17 6.75b ±0.19 7.20b ±0.13 0.000

Total bacterial counts 5.14a ±0.07 5.51a ±0.15 5.48a ±0.15 5.36a ±0.05 5.07a ±0.22 0.136

Coliforms group 4.71c ±0.09 5.95d ±0.19 2.79a ±0.11 2.98a ±0.18 3.54b ±0.23 0.000

The same letter in each row denotes a non-significant difference, whereas a different letter denotes a significant difference by Dun-
can’s test. The confidence level is 95%. The data are expressed as mean values ±standard error.
CN – control normal group, D-HFD – diabetic rats fed on high fat diet, D-HFD + CY – diabetic rats fed on high fat diet and treated 
with control stirred yoghurt, D-HFD + 1%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified 
by 1% beetroot powder, D-HFD + 2%Y – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 
2% beetroot powder.
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Fig. 5. Liver sections of different groups. a – control normal group: note the normal hepatocytes, blood sinusoids, central 
vein, and portal tract; b – diabetic rats fed on high fat diet: note the massive diffuse fatty degenerated hepatocytes (arrow), 
hepatoportal blood vessel congestion (arrow head), and mononuclear cells infiltration (star); c – diabetic rats fed on high fat 
diet and treated with control stirred yoghurt: note the multifocal diffuse fatty degenerated hepatocytes (arrow), no congestion 
no mononuclear cells infiltration; d – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 
1% beetroot powder: note the focal fatty degenerated hepatocytes (arrow), no congestion no mononuclear cells infiltration; 
e – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 2% beetroot powder: note the 
normal hepatocytes, blood sinusoids, central vein, and portal tract (H&E X 400)
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Fig. 6. Heart sections of different groups. a – control normal group: note the normal muscle fibers, striation, and nucleation; 
b – diabetic rats fed on high fat diet: note the massive diffuse hyalinosis and Zinker’s necrosis of myocardial muscle fib-
ers (arrow head), and blood vessel dilatation (arrow) and congestion; c – diabetic rats fed on high fat diet and treated with 
control stirred yoghurt: note the focal areas of hemorrhages (arrow head), no hyalinosis and Zinker’s necrosis of myocardial 
muscle fibers; d – diabetic rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 1% beetroot powder: 
note the congestion of blood vessel (arrow), no hyalinosis and Zinker’s necrosis of myocardial muscle fibers; e – diabetic 
rats fed on high fat diet and treated with probiotic stirred yoghurt fortified by 2% beetroot powder: note the normal muscle 
fibers, striation, and nucleation (H&E X 400)
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The diabetic rats which fed on the high-fat diet and 
were treated with probiotic stirred yoghurt fortified 
by 2% beetroot powder revealed normal histological 
lesions similar to those of the control negative group 
(Fig. 5e).

Histopathological findings of heart sections 
(Fig.  6) illustrated the normal structure of control 
rats’ heart which was formed from normal muscle fib-
ers, striation, and nucleation (Fig. 6a). Diabetic rats 
revealed massive diffuse hyalinosis and Zinker’s ne-
crosis of myocardial muscle fibers which lose its nor-
mal structure, striation, and nucleation, together with 
blood vessel dilatation and congestion (Fig. 6b). Dia-
betic rats fed on high fat diet and treated with control 
stirred yoghurt denoted focal areas of hemorrhages 
without hyalinosis or Zinker’s necrosis of myocardial 
muscle fibers unlike that of the control positive group 
(Fig. 5c). Diabetic rats fed on the high-fat diet and 
treated with probiotic stirred yoghurt fortified by 1% 
beetroot powder revealed normal muscle fibers, stria-
tion, and nucleation with mild congestion of the blood 
vessel (Fig. 6d). Diabetic rats fed on the high-fat diet 
and treated with probiotic stirred yoghurt fortified 
by 2% beetroot powder revealed normal histological 
lesions similar to those of the control normal group 
(Fig. 6e).

CONCLUSION

The stirred yoghurt enriched with probiotics and beet-
root showed antioxidant activity, recorded high sen-
sorial scores, and increased counts of bifidobacterium 
and lactobacilli either in the stirred yoghurt over the 
storage period or in the feces of rats. Also, the stirred 
yoghurt enriched with probiotics and beetroot exhib-
ited a hypoglycemic effect, improved the lipid profile, 
and suppressed the elevation in CRP, MDA, and TSH. 
Histopathologically, the fatty cells in liver tissues were 
eliminated after the intervention with probiotic stirred 
yoghurt fortified with 2% beetroot. Also, the heart tis-
sue of rats treated with probiotic stirred yoghurt forti-
fied with 2% beetroot seemed like normal heart tissue. 
Thus, the stirred yoghurt enriched with probiotics and 
beetroot has therapeutic potential for type 2 diabetes 
that evidenced in the high-fat diet-fed and streptozo-
tocin-treated rats.
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