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Introduction
Diabetes is a prevalent chronic disease 
accompanied by long‑term damage, 
dysfunction, and failure of different organs, 
particularly the eyes, kidneys, nerves, heart, 
and blood vessels.[1] An increasing aged 
population, urbanization, sedentary lifestyle 
and poor nutrition, as well as a rising level of 
obesity, are significant factors contributing 
to the rapid increase in the prevalence of 
diabetes all over the world, particularly 
among people in developing countries.[2] 
Moreover, diabetes imposes a substantial 
economic burden on the health care system 
in global communities.[3] Indeed, research 
on the control and prevention of diabetes is 
seriously in need.

Based on recent studies in the field, 
bioactive ingredients in soy milk can help 
protect against diabetes,[4] whereby soy milk 
consumption was associated with greater 
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Abstract
Background: There is some separate evidence that probiotic soy milk and Cuminum 
cyminum (C. cyminum) have positive effects on the prevention and reduction of diabetic 
complications. While the impact of probiotic soymilk mixed with herbal essential oils has not been 
investigated so far, the objective of this study is to examine the effects of probiotic soy milk using 
Lactobacillus plantarum A7 (KC 355240) added with essential oil of C. cyminum on diabetic rats. 
Methods: 50 streptozotocin‑nicotinamide (STZ‑NA) induced diabetic Wistar rats were divided 
into five groups: Control group (C group), soy milk group (SM group), probiotic soy milk group 
(PSM group), soy milk containing essential oil of C. cyminum group (SMC group) and probiotic 
soy milk containing essential oil of C. cyminum group (PSMC group). The animals consumed 
these products (1 ml/day) for 30 days. The fasting blood glucose (FBS), the serum lipid levels, and 
body weight variation were analyzed in 10‑day intervals. Results: FBS, total cholesterol (TC) and 
low‑density lipoprotein cholesterol (LDL‑C) decreased significantly, whereas high‑density lipoprotein 
cholesterol (HDL‑C) increased in the PSMC group compared with that of other groups (P < 0.05). 
This product also led to weight gain (P < 0.05). Conclusions: A mixture of probiotic soy milk and 
herbal essential oil consumption could impose a positive effect on reducing FBS as well as serum 
lipid profile in STZ‑ NA diabetes‑induced rat. Also, it results in an increase in their weight gain.
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glycemic control, regulation of insulin and 
increased insulin sensitivity.[5] Soy milk 
consumption showed beneficial effects in 
reducing D‑dimer (a fibrin degradation 
product) as one of the coagulation factors 
in diabetic patients with nephropathy was 
linked with soy milk consumption.[6]

Soy proteins, along with soy isoflavones, 
have been shown to have a potential role 
in reducing some atherogenic lipid and 
lipoprotein serum levels.[7] Since soy milk 
fermentation increases the bioavailability 
of its isoflavones, beneficial effects of the 
fermented product are higher than those of 
the unfermented product.[8] Fermentation is 
also deemed to be a likely factor affecting 
the ability of soy milk to regulate the effect 
on lipid metabolism gene expression.[9] In 
particular, fermented products with probiotic 
bacteria could alleviative the diabetic side 
effects, risk factors, and complications.[10] 
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Probiotics are dietary supplements that, inadequate number, 
could modulate the activity of specific molecular 
pathways.[11]

Cuminum cyminum is an aromatic plant that is part of 
the Apiaceae family. Apart from its several usages in 
food products around the world, it has many applications 
in traditional herbal medicine to treat diseases including 
diabetes mellitus, dyspepsia and spasmodic gastrointestinal 
and inflammatory disorders.[12] Aqueous extract of 
C. cyminum has reduced risk factors associated with 
atherosclerosis, including high levels of cholesterol in 
plasma and had preventive effects on the body weight 
reduction in diabetic rats.[13] Also, methanolic extract of 
C. cyminum seed was capable of modulating blood glucose 
in diabetic rats.[14]

Although the positive effects of probiotic soy milk or 
C. cyminum in diabetes management were previously 
indicated, the impact of their combination has not 
been considered so far. The present study evaluates 
the effects of probiotic soy milk fermented by LA7 
added with essential oil of C. cyminum on fasting blood 
glucose (FBS), serum lipid profiles and body weight in 
streptozotocin‑nicotinamide‑induced diabetic rats.

Methods
Soy milk samples

In the present study, four types of soy milk samples 
were prepared. Pasteurized plain soy milk was bought 
from Shir Soya Esfahan Company in Iran. The second 
type of soy milk samples was made by fermentation 
of the plain soy milk with Lactobacillus plantarum A7 
(KC 355240, LA7) which was obtained from the food 
microbiology laboratory, School of Nutrition and Food 
Science, Isfahan University of Medical Sciences, Isfahan, 
Iran. Overnight cultures were prepared using 1% inoculums 
in de‑Man–Rogosa broth (MRS) (Merck‑Germany) and 
aerobically incubated at 37°C for 24 h (Irankhodsaz, Iran). 
Active bacteria were achieved through two successive 
overnight cultures. A bacterial pellet was obtained by 
three‑step centrifugation at 6000, 8000, 10000 rpm, each 
lasting for 15 min (Sequrita‑B. Braun, Hamburg, Germany), 
followed by washing with normal saline. The bacterial 
sediment was suspended and diluted with a physiological 
serum to reach 0.5 optical density (OD) at 620 (λ) wave 
length determined by a spectrophotometer (Jenway‑UK). 
Each flask containing soy milk (200 ml) was mixed with 
1% (v/v) of the active culture, and the cultured samples 
underwent fermentation at 37°C in aerobic conditions. The 
third soy milk fortified with plant extract was made using 
the plain soy milk mixed with 0.02% (v/v) essential oil 
of C. cyminum (Barij Essence Pharmaceutical Company, 
Iran). Our previous study on the growth of LA7 in soy milk 
containing essential oil of C. cyminum revealed that cell 
numbers of LA7 can achieve 109 CFU/ml in the presence of 

0.02% (v/v) of the given essential oil after 9 h fermentation. 
The same procedure was employed in the preparation of the 
fourth soy milk group in the present study.[15]

Animals

16‑week‑old male Wistar rats weighing 185 ± 25 g raised 
in the animal house of Isfahan School of Pharmacy and 
Pharmaceutical Sciences were used. The rats were housed 
five per cage under standard conditions, including ambient 
temperature (22 ± 2°C) at 45‑55% relative humidity, 12h 
each of dark and light cycle, and fed a standard pellet rat 
diet [Table 1] (Behparvar Company, Tehran, Iran), with 
free access to water.

Streptozotocin‑nicotinamide‑induced diabetic rats

Diabetes was induced in overnight‑fasted rats by 
administering a single intraperitoneal injection of freshly 
prepared streptozatocin (STZ) (Sigma Aldrich Company, 
Germany) at 50 mg/kg bw; subsequently, after 15 min 
100 mg/kg of nicotinamide (NA) (Sigma Aldrich Company, 
Germany) in 0.1 M citrate buffer (pH = 4.5)[16,17] was 
injected to each rat. Diabetes was confirmed in the 
STZ‑NA treated rats by measuring FBS levels after one 
weak of induction. Rats with FBS greater than 200 mg/dl 
were considered diabetic.[16] Then the rats were randomly 
divided into five separate groups (n = 10 each): of Control 
group (C group), Soy milk group (SM group), Probiotic 
soy milk group (PSM group), Soy milk containing essential 
oil of C.cyminum group (SMC group) and Probiotic 
soy milk containing essential oil of C.cyminum group 
(PSMC group). The study was carried out in accordance 
with the guidelines of the Research Ethics Committee 
for animal experiments set forth by Isfahan University of 
Medical Sciences, Isfahan, Iran.

Experimental design

During the one‑month study period, the C, SM, PSM, 
SMC, PSMC groups of rats were respectively gavaged 

Table 1: The content of the standard pellet rat diet*
Content Percent**
Protein 19.5‑20.5
Fat 3.5‑4.5
Fiber 4‑4.5
Ashe Maximum 10
Calcium 0.95‑1
Phosphorus 0.65‑0.7
Salt 0.5‑0.55
Moisture Maximum 10
Lysine 1.15
Methionine 0.33
Threonine 0.72
Tryptophan 0.25
Energy 16.16‑17
*Declared by producer: Behparvar Company, Tehran, Iran. **Data 
presented in ranges show minimum and maximum values
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1 ml/day of physiological saline, plain soy milk, probiotic 
soy milk, soy milk containing essential oil of C. cyminum 
and probiotic soy milk containing essential oil of 
C. cyminum samples. Blood samples were collected using 
a microcapillary tube from orbital sinus plexus under light 
ether anesthesia after overnight starvation17 on the 1st, 10th, 
20th and 30th days of the study. FBS (mg/dl) was measured 
using a glucometer (Easy Gluco, Berlin, Germany). For 
analysis of blood lipids, serum was obtained through 20‑min 
centrifugation at 3000 rpm and stored in a freezer at ‑ 80°C 
until analysis. TC (mg/dl), TG (mg/dl), HDL‑C (mg/dl) and 
LDL‑C (mg/dl) concentrations were determined by using a 
commercial kit (Biosystems, Spain) on an A15‑Autoanalyser 
set (Biosystems, Barcelona, Spain). The body weight of 
rats was measured at 10‑day intervals (Sartoruse balance, 
Germany). For insurance of probiotic replacement, the fecal 
samples were collected from C, SM and PSM groups on 
the 1st, 15th and 30th days of the experiment. The population 
of Lactobacilli was calculated by using the pour plate count 
method on MRS agar and incubated anaerobically under 
5% CO2 at 37°C for 48 h (BioTek Instruments Inc., USA).

Statistical analyses

The data are represented as the mean ± standard error of 
the mean. The statistical analysis was performed using IBM 
SPSS Statistics version 20. The formula also calculated the 
percent change for each variable (E – B)/B × 100, where E 
is the ‘end of treatment’ values and B is the baseline values. 
Between‑group comparison of percent change values was 
done by one‑way analysis of variance (ANOVA) followed 
by post‑hoc LSD multiple range tests. Repeated measures 
ANOVA was used to compare the mean values within 
groups at different measurement times. Also, this statistical 
test (repeated measures ANOVA) was used to examine 
interaction effects of group and time on the FBS, TC, 
TG, LDL‑C and HDL‑C. Differences with P < 0.05 were 
considered significant.

Results
The mean values of FBS, TC, TG, LDL‑C and HDL‑C 
and the corresponding percent changes in all studied 
groups during the study period were presented in Table 2. 
Since the baseline for some studied factors was indicated 
to be relatively different between the groups, the mean 
comparison analysis was carried out on the mean percent 
changes for all the studied factors in addition to the 
average raw data obtained in every sampling time interval 
(10th, 20th and 30th days of intervention).

Changes in FBS levels

As shown in Table 2, the results of the one‑way ANOVA 
analysis showed that percent change values of FBS in the 
studied groups related to the all times are significantly 
different (P < 0.05). The findings of the repeated 
measures ANOVA test showed that mean values of this 
parameter (FBS) in different times of all studied groups are 

significantly different (P < 0.0001). In addition, interaction 
effects of group and time represented a significant impact 
on the FBS (P = 0.01).

FBS levels decrease over time in all conditions compared 
to baseline, except for control. Just after 10 days of the 
intervention, a significant decrease in FBS in all treated 
groups was raveled compared to the control group, and 
this trend continued to the 20th day of the study (P < 0.05). 
However, at the end of the experiment, PSM and PSMC 
showed the most reducing percent change in serum blood 
glucose (‑48.16 ± 9.53% and ‑49.93 ± 2.81%, respectively), 
suggesting that concerning blood glucose reduction, 
probiotic inclusion was even more effective than the used 
extract.

Changes in TG levels

Based on the one‑way ANOVA analysis in Table 2, there 
was not a significant difference in percent change values of 
TG in the studied groups related to the all times (P > 0.05). 
The repeated measures ANOVA test revealed that mean 
values of TG in different times of all studied groups are 
significantly different (P < 0.05). Furthermore, interaction 
effects of group and time demonstrated a significant impact 
on the TG (P = 0.008).

Regarding the change in TG, among the studied rat groups, 
PSMC exhibited a rapid, significant reduction in TG after 
ten days of the study, and the occurred difference this 
parameter with other groups remained steady all through 
the study period (P < 0.05). At the end of the study, 
although, all the interventions showed significant downward 
TC values than the control group (P < 0.05), comparison of 
the percent changes in these parameters limited the active 
treatment to just PSMC (‑43.44 ± 9.89%).

Serum TC changes

In Table 2, one‑way ANOVA analysis revealed that percent 
change values of TC in the studied groups related to the 
all times are not significantly different (P > 0.05). On the 
other hand, the findings of the repeated measures ANOVA 
test showed that mean values of this parameter (TC) 
in different times of all studied groups are significantly 
different (P < 0.05). The interaction effects analysis of the 
group and time revealed a not significant impact on the 
TG (P = 0.636).

As one can see in Table 2, the difference in TC levels 
followed the same trend as TG. Nevertheless, the 
significant variations occurred at a later time; after 20 days 
of study TC levels in the SMC and PSMC groups showed 
substantial reductions compared with the TC level at 
baseline (P < 0.05). At the end of the intervention, the 
highest percent change in TC level was observed in the 
PSMC group (24.64 ± 4.36%), which was significantly 
different from the control group (P < 0.05).
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Changes in serum LDL‑C

One‑way ANOVA analysis depicts that percent change 
values of LDL‑C in the studied groups related to the all 
times were not significantly different (P > 0.05) [Table 2]. 
The repeated measures ANOVA test revealed that the mean 
values of LDL‑C in different times of all studied groups are 
significantly different (P < 0.05). Furthermore, interaction 
effects of group and time revealed a significant impact on 
the LDL‑C (P = 0.006).

Concerning the LDL‑C level, all the four treated groups 
achieved improvement throughout the study. However, 
meaningful differences were observed in the groups 
that received mixed formulations in that soon after ten 
days of intervention, PSM, SMC, and PSMC indicated 
reduced LDL‑C in comparison to the control and SM 
group. Interestingly, at the end of the study, with the 
highest percent changes which was observed in the PSM 
group (‑ 35.81 ± 9.7%), PSMC, SMC, and PSM groups 
significantly showed less LDL‑C level as compared with 
the control group (P < 0.05). While the intake of plain soy 
milk in the SM group failed to impose such a reduction.

Changes in serum HDL‑C

As shown in Table 2, the result of the one‑way ANOVA 
analysis demonstrated that percent change values of 
HDL‑C in the studied groups related to the all times 
are not significantly different (P > 0.05). In addition, 
the findings of the repeated measures ANOVA test 
showed that mean values of this parameter (HDL‑C) 
in different times of all studied groups are significantly 
different (P < 0.0001). In addition, interaction effects 
of group and time depicted a significant impact on the 
HDL‑C (P = 0.02).

As depicted in Table 2, during the study, all study groups, 
except control showed a rise in HDL‑C in a way that at 
the end of the intervention, three of the four treated groups 
including PSM, SMC and PSMC showed significant 
changes in HDL‑C from the baseline (P < 0.05). However, 
comparing the groups, PSM and PSMC revealed the most 
effective treatments. HDL‑C percent changes levels of 
the PSMC group were different compared with that in 
control all through the study time. Also, at the end of the 
experiment, with the highest HDL‑ C percent change value, 
this group was different compared with that of SM groups 
either (40.08 ± 14.39% vs. 12.59 ± 8.59%).

Table 3: Faecal lactobacilli counts (Log cfu/g) in the treatment groups at 15 day intervals
Group Baseline 15th day of intervention 30th day of intervention Percent change P time

‡ P group
‡ P time*group

‡

C 8.61±0.18 8.40±0.19 8.48±0.11 ‑1.22±1.51 <0.0001 <0.0001 <0.0001
SM 8.46±0.17 8.38±0.17 8.61±0.12 1.92±1.61
PSM 8.85±0.29 9.59±0.27ab 10.81±0.25ab*† 22.47±6.40ab

C=Control; SM=Soy milk; PSM=Probiotic soy milk. Values are presented as Mean±SEM. One‑way ANOVA: aP<0.05 vs. control in 
the same columns; bP<0.05 vs. SM group in the same columns. Repeated measures ANOVA: * P<0.05 vs. baseline in the same row; 
†P<0.05 vs. after 15 days of intervention in the same row; ‡Ptime, and Pgroup: Fixed factor; ‡Ptime*group: Interaction effect

Changes in body weight

Figure 1 shows the weight of the rats during the experiment. 
The body weight in the PSMC group was different from the 
control group after ten days of the experiment. These differences 
were also observed at the end of the experiment. Also at this 
time, there was a significant difference between the weight of 
the SM and PSM groups (P < 0.05). The weight of the SMC 
group was different from the control group after 20 days of 
intervention. At the end of the experiment, the weight of 
the PSM, SMC, and PSMC groups was different from the 
baseline. In terms of percent changes, all groups were different 
from the C group (C = 1.28 ± 5.46%; SM = 12.27 ± 5.38%; 
PSM = 28.22 ± 5.83%; SMC = 20.04 ± 7.32%; 
PSMC = 29.46 ± 2.82%), and the weight of the PSMC group 
differed from the SM group. The greatest percent change was 
observed in the PSMC group (29.46 ± 2.82%).

Changes in fecal Lactobacilli

Based on the one‑way ANOVA analysis in Table 3, there 
was a significant difference in percent change values of 
fecal Lactobacilli in the studied groups related to the 
all times (P < 0.0001). The repeated measures ANOVA 
test revealed that mean values of fecal Lactobacilli in 
different times of all studied groups are significantly 
different (P < 0.0001). Furthermore, interaction effects of 
group and time demonstrated a significant impact on the 
fecal Lactobacilli (P < 0.0001).

Table 3 reports the number of fecal Lactobacilli. After 
15 days of intervention, the number of fecal Lactobacilli 

a
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a a*a
a
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Figure 1: Body weight (g) in the treatment groups at 10 day intervals. 
C = Control; SM = Soy milk; PSM = Probiotic soy milk; SMC = Soy 
milk containing essential oil of C. cyminum; PSMC = Probiotic soy 
milk containing essential oil of C. cyminum. Values are presented as 
Mean ± SEM. aP < 0.05 vs. control in the same time. bP < 0.05 vs. SM group 
in the same time. cP < 0.05 vs. PSM group in the same time. *P < 0.05 vs. 
baseline in the same group
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in the PSM group was different from the control and SM 
group. This difference was also observed at the end of the 
intervention. In this time, Lactobacilli counts in the PSM 
group were different compared with pre‑intervention and 
at 15 days. The highest percent change in the number of 
bacteria was observed in the PSM group (22.47 ± 6.40%), 
which was also different from the other two groups.

Discussion
The findings of the present study showed that all applied 
treatments were to some extent beneficial to the serum 
blood parameters of STZ‑induced diabetic rats during 
one month. However, the supposition of this study has 
been confirmed in that fermented soy milk, added with 
C. cyminum extract is more effective than each of the 
treatments.

In Table 4, the results of the most similar animal studies 
to the present work are summarized. SM group revealed 
improvement in blood glucose and TG in comparison 
with the control group. These results are consistent with 
the results of Tsai et al. in that in obese subjects with 
type 2 diabetes, soy polysaccharide significantly managed 
postprandial serum glucose concentrations and TG levels.[18] 
The regulatory effects of soy milk products on FBS and 
serum lipid parameters were associated with its flavones, 
genistein, protein and polysaccharides.[18‑21]

In another study, Rossi showed soy milk consumption by 
hypercholesterolemic rabbits increased HDL‑C levels, while, 
this effect was not observed in the SM group in our study.[22]

Several mechanisms are suggested to bear advantages of 
soy component to diabetes subjects; inhibition of intestinal 
glucose uptake via a reduction in sodium‑dependent 
glucose transporter, and beta‑cell secretion promotion 
leading to a reduction in postprandial hyperglycemia.[23] 
The isolated soy protein was found to be able to decrease 
the expression of sterol regulatory element‑binding protein 
binding (SREBP), followed by increased adiponectin 
levels and reduced triglyceride levels.[9] Also, soy peptides 
expression of LDL‑C receptors in the liver is referred for 
decreased levels of serum cholesterol.[24]

Soy milk isoflavones can regulate glucose and 
lipid metabolism through the regulation of gene 
expression related to nuclear receptors of peroxisome 
proliferator‑activated receptor (PPAR), increases in 
lipoprotein clearance and HDL‑C biogenesis.[9,25]

Despite the significant difference of weight in SM group 
compared to control which appeared clearly at the end of 
the study, this group did not put weight from their baseline. 
Administration of nutritious soy milk in the treated groups 
provided them with the additional source of energy that 
resulted in their weight gain in comparison to the control 
group. Protein supply was mentioned to be responsible for 
weight gain in STZ‑diabetic rats receiving soy milk.[26]

The effects of soy consumption on body weight changes are 
controversial. While soy milk played a role in the regulation 
of body weight through increasing energy expenditure in 
male rats[27] and phytoestrogen content of soy reduced fat 
accumulation,[28] It was reported that isoflavones in soy 
milk improved metabolism in diabetic rats and led to their 
weight gain. Meanwhile, a human study published on the 
ineffectiveness of soy protein daily intake on body weight 
changes.[29]

Using soymilk‑containing probiotic bacteria usually brings 
up enhanced beneficial effects on blood glucose and serum 
lipid parameters compared to soymilk.

Inconsistent to our results, using a diabetes animal model 
induced with streptozotocin, Mrraza indicated that the 
fermented soymilk with Lactobacillus rhamnosus CRL981 
gave rise to more reduction in blood glucose levels than 
unfermented soymilk.[10]

Regarding percent change in serum lipid parameters, 
comparison of PSM with SM group showed no 
superiority of the fermented product. This is consistent 
with the results of the two other studies[10,30] in that, 
fermented soy milk induced no more significant 
difference on the lipid parameters of STZ‑diabetic rats 
than the plain soy milk.

Lactobacillus plantarum A7 (KC 355240) is a native strain 
with proven probiotic properties.[31,32] In our previous 
study, this strain of bacteria has the potential to decrease 
serum TC, LDL‑C, and TG in mice.[31] It was reported 
that soy milk fermented with another L. plantarum strain, 
Lactobacillus plantarum P‑8, produced a regulation effect 
in serum lipid profile hyperlipidemic rats.[33] Probiotic 
bacteria have hypolipidaemic effects by several probable 
mechanisms[34] and some studies, confirmed the positive 
physiological function of Lactobacillus strains belonging 
to, L. plantarum species. Xie et al. study showed that 
supplementation of Lactobacillus plantarum 9‑41‑A and 
Lactobacillus fermentum M1‑16 had beneficial effects 
on TG, TC and LDL‑C in serum, enhancing effects on 
intestinal Lactobacillus and Bifidobacterium bacteria and 
reductions in body weight in rats fed a high cholesterol 
diet.[35]

In our study, examination of fecal samples of the control 
group, SM and PSM were carried out to investigate the 
activity and efficiency of cultured bacteria in the PSM 
group. The result showed that PSM group had the highest 
number of lactobacilli in feces, suggesting that probiotic 
microorganism replacement promotes Lactobacilli growth 
in the rat intestine.

Despite a great deal of evidence on the effects of fermented 
soy milk on glucose metabolism,[5,10] using a combination 
of fermented soymilk with a natural ingredient was 
rarely investigated. Ju and Han showed the hypoglycemic 
effect of fermented soymilk extracts added with 5% 
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bokbunja (FSB) in STZ‑induced diabetic mice. Although 
their study was different from us in design, we share a 
common conclusion of the superior effects of the combined 
formula of fermented soy milk with a natural ingredient.[5] 
In another study carried out by Mohammadi Sartang et al., 
the addition of omega three oil to fermented soy milk did 
not produce extra beneficial effects on serum blood glucose 
and lipid.[30]

Our results concerning soy milk with C. cyminum (SMC), 
showed that this treatment had an advantage over the FBS 
and LDL‑C of the tested STZ‑diabetic rats.

The effect of 5% cumin powder on blood glucose levels 
resulted in a 17% reduction in the treated STZ‑induced 
group than STZ‑control in one study.[36] In two other 
studies, administration 200‑600 mg/kg metabolic extract 
C. cyminum seeds in STZ rats caused 17‑ 60% reduction 
in blood glucose from the control group.[14,37] Using 
approximately 200 mg extract per kg of soymilk, 50% 
reduction of fasting blood sugar from the control group 
in our study supports other studies results [Table 4]. 
The beneficial effect of C. Cyminum on serum blood 
lipid parameters was also examined. Although, our 
results confirmed the efficiency of C. cyminum on these 
parameters for FBS and LDL‑C, The significance of the 
results obtained by this group is that as a control to the 
fermented product (PSMC), this treatment includes innate 
potential which enhanced through fermentation. The same 
reason can be given for using fermented soy milk with 
identified beneficial effects which were a plant extract free 
control to PSMC. This treatment showed superior effect 
than other therapies for managing diabetes complications. 
Meanwhile, the results from the body weight data showed 
that PSMC group was more effective in weight gain than 
the other groups. This is a limitation of our study that 
after treating the rats with STZ, their weight loss was not 
recorded. In doing so, the increase in weight in the treated 
groups could have cleared that this defect was controlled 
by applied treatments. Marazza et al. concluded that 
treating the STZ induced mice with soymilk fermented 
with L. rhamnosus CRL981 prevented the weight loss 
that appeared in the diabetic control group.[10] Weight loss 
in diabetes‑induced rats was associated with dehydration, 
loss of body fat and protein catabolism caused by increased 
catabolic reactions.[38‑40]

Conclusions
Probiotic soy milk using LA7 added with essential oil 
of C. cyminum create a more significant reduction in 
FBS, TG and TC levels, enhances HDL‑C levels and 
has beneficial effects on weight gain in comparison with 
probiotic soy milk and soy milk containing C. cyminum 
essential oil in diabetic rats. Besides, PSMC decreased 
LDL‑C levels. It seems that the combination of probiotics 
and essential oils is a robust functional supplement for 
diabetes management in an animal model.
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