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Abstract

Soybean is an important source of food and feed. To keep weeds out of soybean it is often
genetically modified. The goal of the current study was to evaluate the effects of a diet con-
taining 70% GM soybean on Sprague-Dawley rats. Two groups of rats were fed GM and
non-GM soybeans for a period of 120 days, and their body weight, hematology and serum
biochemistry were compared. In addition, the effect of the consumption of GM soybean on
identified intestinal microbiota and antibiotic resistance was compared with the effect of the
consumption of non-GM soybean. Total bacteria and six types of bacteria shared by
humans and rats were detected by g-PCR. The results showed that the consumption of GM
soybean did not result in any significant changes in body weight, hematology and serum bio-
chemistry. The results of g-PCR indicated that compared with the consumption of non-GM
soybeans, the consumption of GM soybean did not have a comparable effect on the abun-
dance of total bacteria, namely Bifidobacterium group, Clostridium perfringens subgroup,
Escherichia coli, Lactobacillus group, and the Bacteroides—Prevotella group. The results of
antibiogram showed that the consumption of GM soybean did not change the resistance of
E.coli, although it changed the resistance of E. faecalis against erythromycin (the GM group
was significantly less resistant than non-GM group). Overall, the study indicated that the
consumption of GM soybean did not exhibit adverse effects on physiological variables and
gut microbiota of rats. However, the obtained antibiogram results indicated that it is neces-
sary to further investigate the antibiotic resistance of the gut microbiota when GM food is
consumed.

Introduction

Genetically modified (GM) crops are widely used in agriculture and food production to
improve the agricultural quality and productivity [1]. In 2019, the global area devoted to the
cultivation of GM plants reached 190.4 million hectares in 29 countries. 56% of the global
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biotech crop area is planted in developing countries compared to 44% for industrial countries.
Additionally, 42 countries import transgenic crops for feed, food and processing without culti-
vating transgenic plants [2]. To create resistance to insects or diseases and herbicides, as well
as to increase tolerance to salinity and drought stress and extreme temperature stresses, at least
one or more genes have been transferred to most commercial transgenic crops [3, 4]. Mean-
while, numerous studies have been conducted to elucidate the composition of GM food and
feed, their origin, possible genetic alterations in transgenic crops, as well as to minimize any
risks to consumers.

Soybeans are important for both vegetable oil and protein meals and are cultivated world-
wide for meals and feed. Meanwhile, the weed threat leading to lower soybean yield has
sparked more interest in GM crops [5]. Transgenic herbicide-resistant crops can help increase
yield by reducing pressure of weed and minimizing environmental pollution and crop resi-
dues. The expression of EPSPS protein from Agrobacterium tumefaciens strain CP4 confers
tolerance to glyphosate-based herbicides in soybeans [6]. Transgenic soybean consumption is
the highest in the world, accounting for 95.9 million hectares of global GM crops, representing
78% of the world’s soybean production [2].

The Herbicide-resistant soybeans containing glyphosate-resistant genes have been culti-
vated for more than 20 years. Genetically modified organisms (GMOs) in the agri-food system
remain a topic of controversy and debate. The safety of GM food has always been a subject of
contention, debated by scientists, farmers and consumers [7]. Safety concerns regarding GM
food and feed are significant and crucial for their acceptance in the market [8]. Altering the
anti-nutritional factors, macro- or micronutrients, and the potential horizontal gene transfer
of exogenous transgenes from GM products to human intestinal microbiome or animal intes-
tinal microbiome may result from the random insertion of genes into the plant genome and
disruption of gene expression endogenously [9]. The horizontal gene transfer (HGT) from
GM crops into gut bacteria is feasible [10]. However, there are concerns about HGT from GM
plants to microbes inhabiting the gastrointestinal (GI) tract. So far there have been no reports
illustrating the transfer of exogenous transgenes from GM crops to gut microorganisms of ani-
mals [11, 12]. Netherwood et al. reported that a small portion of the epsps transgene in GM
soybean survived passage through the stomach and the small bowel of all the ileostomists, with
three out of seven ileostomists the EPSPS having transgene within their gut bacteria [13]. The
GI tract is the first part of the body that comes into contact with the environment, antigen of
food and bacteria, making it the largest immune site in human playing an important role in
the metabolic reactions, nutrient absorption and regulation of immune responses [14, 15].
Before GM products enter the market, they must undergo a thorough safety assessment,
including possible unexpected effects [16, 17]. Animal experiments provide important and
valuable information for the safety of humans and animals eating GM crops. However, many
animal studies have been performed to evaluate GM safety, but researchers have evaluated the
GM soya safety more based on nutrition, composition, toxicology and allergenicity analyses
than based on the principle of equivalence of substances [18-21]. Hence, they have rarely paid
attention to intestinal microbiota. There is a link between the function of intestinal microbiota
and the increase of metabolic activity, autoimmune diseases and inflammatory diseases. The
Intestinal microbiota help control appetite, energy balance, digestion of dietary compounds,
supply of micronutrients, and transformation of xenobiotics, survival, proliferation, and pre-
vention of metabolic disorders (e.g. diabetes, obesity), cancers, and cardiovascular diseases
[22, 23]. Previous studies have mostly utilized processed materials (such as oil, dehulled/defat-
ted toasted and flour) as the meal, ignoring the fact that food nutritional profile changes under
the influence of chemical and physical processes, which have a great impact on the results of
animal feeding.
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Addressing this research gap instead of pressed soybean meal or flour this study utilizes
unprocessed soybeans for direct evaluation of the GM soybean safety. In addition, this study
evaluated the health risks related to the long term-feeding of GM soybean diet on Sprague-
Dawley (SD)-rats based on examined clinical pathology (body weight, hematology, serum bio-
chemistry, paying more attention to the effects of GM soybean on the rat intestinal microbiota
(the quantification and resistance to antibiotics of the bacteria of SD-rats stool).

Materials and methods
Ethical statement

Animal care and all experiments procedures were ethically performed following standard pro-
tocols approved by the Ethics Committee of Shiraz University of Medical Sciences (IR.SUMS.
REC.1399.1342). All experiments and methods were conducted in accordance with the rele-
vant guidelines and regulations. For the anesthesia of animals, a solution of ketamine: xylazine
mix [24] was used, based on AVMA Guidelines for the Euthanasia of Animals (AVMA, edition
2020). We declare that all authors have read the checklist of ARRIVE guidelines and complied
with its instructions.

Animal care and management

Eight-week-old SD-rats were obtained from animal laboratory of Center of Comparative and
Experimental Medicine of Shiraz University of Medical Science (Shiraz, Iran). Each rat was
individually housed in a cage in a facility with controlled air-conditioning, 12-h light/12-h
dark cycles, a temperature of 22+2°C, and a relative humidity of (60£5%). The animals had ad
libitum access to water and feed. During a two-week adaptation period, all rats were fed a
rodent-based diet.

Experimental design and diet

After adaptation, 24 rats were randomly divided into two groups. The animal feed included
the most important GM plant material on the market (RR soybean meal) for the treatment
group, and unmodified commercial soybean meal for the control group. Non-GM and GM
soybean meals underwent testing for the presence of GM soybean using specific primers for
the EPSPS (size of 169 bp) and 35S promoter (size of 195 bp) regions (S1 Fig). This genetic
control element is found in approximately 95% of the currently commercialized GM crops
[25]. The 2 groups were fed diets with 70% (wt/wt) GM soybean or (non-GM-Soybean) tradi-
tional soybean respectively. Body weight was measured monthly during the exposure period
(S1 Table).

Hematology and blood biochemistry analysis

Hematology and blood biochemistry were conducted on all surviving rats before the start of
the experiment (time 0) and 120th day (the conclusion of the experiment). Hematologic
parameters examined included red blood cell count (RBC), hemoglobin (HGB), white blood
cell count (WBC), mean corpuscular volume (MCV), hematocrit (HCT), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet count
(PLT), mean platelet volume (MPV), Lymphocytes (LYM), red cell distribution width (RDW),
and platelet distribution width (PDW). These measurements were taken using Blood Cell
Counter (NTHON KOHDEN celltac alpha 6500, Japan). Whole blood was collected. Sera was
isolated using centrifugation (1500g for 5 min). The sera were analyzed based on a routine
clinical chemistry platform (Biotecnica BT1500 Chemistry Analyzer, Italy) in compliance with
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current standards for quality requirements. Biochemical parameters examined included albu-
min (Alb), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phos-
phatase (ALP), total protein (TP), blood urea nitrogen (BUN), glucose (Glu), calcium (Ca),
phosphorus (Ph), creatinine (Cr) with (Autolaser-BT-1500, Italy). Sera samples was also ana-
lyzed for the clinical indexes associated with the lipid metabolism, including triglyceride (TG),
cholesterol (Chol), total antioxidant capacity (TAC), malondialdehyde (MDA).

Stool sampling and DNA extraction

Rats stool sampling were performed at two time points (time 0 and 120th day) and were stored
in 2-mL sterile tubes at -80c until needed. All the stool samples were obtained directly from
the rats’ anuses in the morning. The total DNA of stool samples was extracted using kit (Sina-
Pure ™ DNA, IRAN). A 150 mg stool was washed with 1 mL of TE buffer (10 mM Tris-HCI,
1 mM sodium EDTA, pH 8.0), then was vigorously vortexed for 30 sec. The sample at
10,000xg for 2 min was centrifuged, after that the pellet was suspended in 1 mL of TE buffer,
and the washing process was repeated as described above. The sediment of each sample was
diluted in 400 pL lysis buffer. We continued the extraction according to the manufacturer’s
instructions. Six reference bacterial strains were used for DNA extraction with kit (SinaPure
™ DNA, IRAN). Bacteroides ovatus (ATCC 8483), Lactobacillus casei (ATCC 393), Bifidobac-
terium adolescentis (ATCC 15703), Escherichia coli (ATCC 68233), Enterococcus faecalis
(ATCC 19433) and Clostridium perfringens (ATCC 13124). The extracted DNA quality was
assessed with UV spectrophotometry 260 nm to 280 nm wavelengths (ScanDrop2, analytic
jena, Germany). The results of an OD260/280 of 1.8 to 1.95 showed that the extracted DNA
from stool was theoretically appropriate for PCR reaction.

Quantitative-PCR

The quantitative-PCR experiments were conducted using an Applied Biosystems StepOne
Real-Time PCR System 48 Well. SYBR Green was used for the quantification of total bacteria
and 6 types of bacteria common between humans and rats. For each bacteria type, the mean
abundance based on g-PCR at the end of 4rd month was compared with that at time 0. Details
of g-PCR can be found in (Table 1). A total of 20 uL contained 10 pL of 2 x SYBR Green Mas-
ter Mix (Ampliqon, Denmark), 1 pL of each primer (final concentration 0.5 umol/L), and 10
ng of template DNA. The q-PCR reaction was carried out as follows: an initial denaturation
step at 95°C for 5 min followed by 40 cycles at 95°C for 30s, an annealing step at the primer-
specific temperature (Table 1) for 30s, extension at 72°C for 35s. Subsequently, a melting curve
analysis at 95°C for 15s was performed to assess the specificity of PCR reactions. Standard
curves were constructed by 10-fold serial dilutions of DNA extracted from the 6 pure strains of
known concentrations using the formula C, = a + bx, where b is the slope value, a is the inter-
cept value and x is the unknown value of log;, target genome copies (S2 Fig) [15]. The results
were expressed as log target genome copy number g’lstool.

Antibiotic resistance

Antibiotic resistance of the E. faecalis and E. coli isolated from stool was assessed using the
disc-diffusion method. E. coli and E. faecalis were inoculated in petri dishes on the Muller-
Hinton agar. Mast antibiotic discs (Mast group Ltd, U.K.) of 6 mm in diameter were placed on
the surface. These discs were impregnated with (Pen) penicillin (10 units), (Tet) tetracycline
(30 pg), (Ery) erythromycin (15 pg), (Kan) kanamycin (30 pg), (Amp) ampicillin (10 pg),
(Van) vancomycin (30 pg), (Rif) rifampin (5 pg), (Azi) azithromycin (15ug), (Gen) gentamicin
(10 pg). After disc placement the petri dishes inoculated with E. coli were incubated at 37°C
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Table 1. 16S rDNA q-PCR primers used to amplification stool samples.

Target bacteria Primer 5’- 3’ sequence Amplicon size (bp) Annealing temp. (°C) Reference

Total bacteria TCCTACGGGAGGCAGCAGT 466 58 [26]
GGACTACCAGGGTATCTAATCCTGTT

Bacteroides—Prevotella group GAAGGTCCCCCACATTG 418 59 [27]
CAATCGGAGTTCTTCGTG

Bifidobacterium genus GGGTGGTAATGCCGGATG 437 60 [27]
TAAGCGATGGACTTTCACACC

Clostridium perfringens ATGCAAGTCGAGCGA (G/T) G 120 57 [28]
TATGCGGTATTAATCT (C/T)CCTTT

Enterococcus genus CCCTTATTGTTAGTTGCCATCATT 144 61 [28]
ACTCGTTGTACTTCCCATTGT

E. coli subgroup GTTAATACCTTTGCTCATTGA 340 61 [29]
ACCAGGGTATCTAATCCTGTT

Lactobacillus group AGCAGTAGGGAATCTTCCA 341 58 [30]
CACCGCTACACATGGAG

https://doi.org/10.1371/journal.pone.0311443.t001

for 24 h under aerobic conditions, while those of E. faecalis were incubated at 37°C for 48 h
under the same conditions. Subsequently, the mean inhibition zone diameters were then com-
pared with the Clinical and Laboratory Standards Institute (CLSI) standards from 2015 to
determine the level of antibiotic resistance in the bacterial isolates.

Statistical analysis

All statistical analyses were performed by the SPSS version 21 statistical computation software
package (SPSS Inc., Chicago, IL, USA). The data are expressed as mean +SD and statistical sig-
nificance was assigned at the p < 0.05 level. Normality of data distribution was tested with Sha-
piro-Wilk test. T-test was performed for normal data distribute (Levene’s test for equality of
variances was performed) and In cases where the data did not follow a normal distribution, a
Mann-Whitney U test was utilized for statistical comparisons.

Results
Body weight

There were no significant differences in monthly and final body weights of rats between the
GM group and non-GM group (Fig 1).

Hematology and blood biochemistry

There were no statistically significant differences in hematology variables of rats between the
non-GM diet group and GM group (Table 2). As with the hematological variables, there were
not any statistically significant difference in serum chemistry variables between the non-GM
diet group and the GM group (Table 3).

Quantification of bacterial populations in fecal

The Ct had a good linear relationship with the starting amount of DNA (R* > 0.97) (except for
cl. perfringens subgroup that had R*>0.92) (S2 Fig). Table 4 shows the results of quantitative-
PCR against bacterial 16S rRNA. No statistically significant difference was found between the
GM soybean and non-GM soybean groups in the 6 bacterial strains and in the total bacteria
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Fig 1. Mean monthly body weight of rats fed with different diets.
https://doi.org/10.1371/journal.pone.0311443.9001

counts in stools at the 120-day post-treatment mark. However, by the conclusion of the experi-
ment, the population of lactobacillus significantly decreased in both groups, while the number
of Bacteroides increased.

Antibiotic resistance

E. coli isolated from the rats stool became more sensitive to all the antibiotics used in two
groups (Table 5), while E. faecalis isolated from the rats stool became more sensitive only to
penicillin and erythromycin (Table 5). The effect of GM soybean on the results of susceptibility
tests of E. coli was insignificant. However, in the rats fed with GM soybean susceptible of E. fae-
calis to erythromycin, the effect was higher than control group. This difference was statistically
significant, indicating a notable variance between the non-GM diet group and the GM group.

Discussion

In the current study, it was found that GM soybean did not exert a significant effect on the
monthly and final body weight of the animals. Similar results were obtained by other research-
ers, for example, Delaney et al. reported that there were no significant difference in food con-
sumption/efficiency and body weight between in rats consuming GM and non-GM meals

[19]. Kosieradzka et al. reported observed insignificant differences between the relative weights
of some internal organs of rats on a non-GM diet and those fed an additional 10% GM dried
potato [31]. In our hematology index results, no significant differences were observed in blood
parameters between the non-GM group and the GM experimental group of rats. Several GM
crops tested in rat feeding studies have shown similar results, not exhibiting any adverse effects
[18, 32-35]. A series of studies showed that dietary GM soybean did not affect the hematologi-
cal parameters of pigs, calves, broilers, and laying hens [36]. A recent long-term oral toxicity
study to assess the safety of transgenic rice in the highly inbred Wuzhishan pigs found no
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Table 2. Hematology values from two diet groups.

Hematology Before After

Factor Group Mean+SD p-value Mean+SD P-value Mean Difference (*100)

WBC (x10°/ uL) 1 9.71+0.0.6 0.22 8.51+1.15a 0.87 1.02
2 8.83+1.75 8.66+2.23

RBC (x10°%/ uL) 1 6.74+0.13 0.77 8.27+0.50a 0.73 -0.21
2 6.79+0.49 8.11+1.13a

HGB (g/DI) 1 13.13+0.44 0.26 14.80+1.04a 0.17 1.04
2 12.76+0.67 15.47+0.79a

HCT (%) 1 40.08+1.39 0.73 43.20+3.38 0.29 1.32
2 40.40+1.82 44.83+2.42a

MCV (fL) 1 59.45+1.60 0.9 52.17+1.36a 0.24 0.55
2 59.60+2.50 52.87+1.73a

MCH (pg) 1 19.48+0.57 0.31 17.88+0.74a 0.39 0.98
2 18.87+1.49 18.26+0.89

MCHC (g/dL) 1 30.93+4.58 0.7 34.31+1.56a 0.72 -0.46
2 31.62+1.83 34.53+0.72a

PLT (x10%/ uL) 1 356.5+20.36 0.22 745.71+143a 0.29 -3.33
2 378.75+38.62 764.62+62a

LYM (x10%/ uL) 1 5.85%1.34 0.78 5.47+1.26 0.23 1.14
2 5.63+1.44 6.40+1.83

RDW (%) 1 10.83+0.60 0.08 14.50+1.59a 0.71 -0.75
2 11.31+0.33 14.22+1.26a

MPV (fL) 1 3.95+0.61 0.6 7.11+0.63a 0.18 -0.21
2 3.81+0.33 6.76+0.32a

PDW (fL) 1 17.00+0.26 1 8.58+0.98 0.22 -0.49
2 17.00+0.76 8.08+0.47

P-value: compared between the non-GM soybean (group 1) and GM soybean (group 2) groups
* Statistically significantly different before and after the experiment in each group (p<0.05)

https://doi.org/10.1371/journal.pone.0311443.t1002

significant difference in the growth, reproduction, haematological parameters or organ mor-
phology between the GM and non-GM groups [37]. Xiang et al. found no significant differ-
ences between two transgenic soybean groups and the parental JACK group in survival,
growth performance, feed efficiency, body index and enzyme activities after eight weeks of
feeding in juvenile channel catfish [38].

No significant difference was observed between the non-GM and the GM experimental
group in terms of fecal bacterial quantity indicator. Nejabat et al reviewed 16 scientific publica-
tions, in which ten studies (62.5%) used 50% or more GM diet in the treatment group, with
the duration of the treatment varying from 7 to 420 days. Nine studies were conducted on rats,
four on pigs and saw, two on broilers, and one on mice. In all, eight studies fed their animals
genetically modified rice, maize in three cases, corn, apple, soybean, and canola in one case
[39]. The review revealed that there was no significant difference in the gut microbiota
between the control group and the group on the transgenic diet [39]. Mesnage et al. showed
that the consumption of the GM maize varieties (NK603 and MON®810) had no effect on the
status of the faecal microbiota even up to 33% of the total diet compared to non-GM lines [40].
Xu et al. reported that a diet containing 70% GM rice reduced the abundance of Lactobacillus
group. But diets containing 30% and 50% GM rice did not alter the abundance of bacteria
[41]. Feeding pigs with transgenic corn (MONS810) for 110 days had no effect on total
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Table 3. Serum chemistry values from two diet groups.

Serum chemistry Before After

Factor Group Mean+SD P-value Mean+SD P-value Mean Difference (100)

Urea (mg/dL) 1 51.85+4.98 0.66 46.71+3.98a 0.08 4.94
2 50.57+5.68 50.37£3.66

Cr. (mg/dL) 1 0.51£0.10 0.76 0.50+0.05 0.2 -0.02
2 0.50£0.05 0.46x0.05

TG (mg/dL) 1 57.28+9.63 0.003* 68.14+20.07 0.08 -4.80
2 79.57+12.73 85.62+15.59

Ca (mg/dL) 1 10.41+0.35 0.08 9.32+0.62a 0.19 -0.36
2 10.77+0.34 9.32+0.24a

Chol (mg/dL) 1 54.57+6.21 0.09 55.14+9.88 0.16 -0.03
2 61.71+8.44 62.25+8.95

GLU (mg/dL) 1 301.42+36.03 0.62 284.85+51.13 0.72 1
2 291.57+36.99 276.00+£44.68

Ph. (mg/dL) 1 7.94£1.19 0.83 7.30+£3.92 0.72 -1.81
2 7.82+0.74 5.37£0.26a

PRO (g/dL) 1 6.27+0.44 0.12 6.21+£0.40 0.18 -0.41
2 6.61+£0.32 6.13+0.37

AST (U/L) 1 124.14£8.15 0.06 76.85+30.32a 0.54 6.23
2 133.42+8.32 92.37+4.62a

ALT (IU/L) 1 49.85£10.96 0.58 73.14+13.14a 0.24 -2.08
2 47.42+2.82 68.62+14.87a

Alb (g/dL) 1 3.30+0.16 0.01* 2.78+0.18 0.24 -0.11
2 3.52+0.12 2.90+£0.17

TAC (mM/L) 1 1.32+0.19 0.83 1.27+0.12 0.84 -0.00
2 1.34£0.16 1.28+0.12

MDA (uM/L) 1 2.06+0.30 0.66 1.97+0.20 0.87 -0.08
2 2.13£0.24 1.95+0.30

P-value: compared between the non-GM (group 1) soybean and GM soybean (group 2) groups

*Statistically significantly different from non- GM soybean (group 1) (P<0.05)

* Statistically significantly different before and after the experiment in each group

https://doi.org/10.1371/journal.pone.0311443.t003

anaerobes and the abundance of Lactobacillus, Enterobacteriaceae, thought it had an effect on
the abundance of the genus Holdemania in the caecum [42]. In a separate experiment, Schro-
der et al. found that feeding rats GM rice resulted in a higher count of coliforms in the ileum,
while the count of bifidobacteria in the duodenum was lower compared to the control group
[43]. Compared with non-transgenic parent wild-type rice, the transgenic variant exhibited no
observable impact on the levels of fecal coliform, lactobacillus or total anaerobes. Buzoianu

et al. demonstrated GM Bt maize had no adverse effects on the intestinal microbiota of pigs
and their offspring, though it exerted effects on Enterobacteriaceae counts and total anaerobe,
as well as in the abundance of Proteobacteria [42]. These findings imply that the impact of
transgenic feeds on gut microbiota may vary based on the duration of the experiment and the
quantity and type of transgenic feed used.

Our findings showed that the number of lactobacillus in both groups was significantly
lower, while the number of Bacteroides group and Enterococcus genus higher. Recently, several
studies have shown that the population and composition of the gut microbiota may be altered
by the consumption of soy foods. Recent research has indicated that soy food consumption
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Table 4. Real-time PCR quantification of stools samples from rats.

Total bacteria

Lactobacillus group

Cl. perfringens subgroup

E. coli sub group

Enterococcus genus

Bifdobacterium genus

Bacteroides group

Group

1

I I e T e N e O S S S Y

Before After

Mean+SD p-value Mean+SD p-value Mean Difference (*100)
10.55+0.42 0.31 10.87+0.40 0.47 -0.24
10.97+0.48 11.05£0.09

10.05+0.39 0.95 5.30+0.84* 0.89 0.13
10.02+0.60 5.40+0.82*

6.31+0.22 0.87 6.20+0.59 0.97 -0.04
6.34+0.23 6.19+0.59

6.43+0.31 0.93 6.58+0.75 0.95 0.06
6.40+0.35 6.61£0.59

5.84+0.92 0.86 6.53%1.73 0.97 0.17
5.72+0.63 6.58+1.87

8.18+0.72 0.92 8.22+0.46 0.80 -0.06
8.12+0.81 8.10+0.67

8.25+1.43 0.94 8.78+1.85 0.94 -0.03
8.16+1.28 8.66+1.81

P-value: compared between the non-GM soybean (group 1) and GM soybean (group 2) groups

* Statistically significantly different before and after the experiment in each group

https://doi.org/10.1371/journal.pone.0311443.t1004

can influence the gut microbiota’s population and composition. Findings suggest that soy milk
consumption specifically alters the gut’s bacterial makeup, resulting in a heightened presence
of the Bacteroidetes and Proteobacteria groups, alongside a decrease in the relative abundance
of bifidobacteria and Firmicutes [44]. In another study, rats fed chicken protein had higher lev-
els of beneficial genus Lactobacillus, while those fed soy protein group had the lowest Lactoba-
cillus content [45]. Microflora in the intestine tract is essential for immune, protective, and
metabolic functions, with an overall massive impact on the host nutrition and health status.

Considering that Given that mobile elements such as modified DNA can be transferred lat-
erally to other receptors, including eukaryotes, prokaryotes, and even human [46], this study
investigated the effect of transgenic soy consumption on the antibiotic resistance of intestinal
bacteria, especially on the sensitivity of E. coli and E. faecalis bacteria to different antibiotics.
The results indicated that E. coli isolated from rat stool became more sensitive to all antibiotics
used in both groups, with no significant effect of GM soybean on the susceptibility tests. More-
over, E. faecalis isolated from rat stool showed increased sensitivity only to penicillin and
erythromycin, with a statistically significant difference between the non-GM diet group and
the GM group in terms of erythromycin susceptibility (the resistance was slightly lower at the
end of the experiment). Czerwinski et al. reported that the consumption of transgenic corn did
not change the resistance of E.coli and Clostridium against antibiotics. However, compared
with conventional feeds, GM soybean slightly increased resistance of clostridium from caecum
against kanamycin and erythromycin and clostridium from the ileum against kanamycin [47].
They reported the effect of transgenic feeds on the outcome of susceptibility tests was insignifi-
cant. There has been a limited number of studies conducted on susceptibility testing, indicat-
ing a significant gap in research. Comprehensive investigations are required to draw definitive
conclusions regarding the impact of genetically modified (GM) feed on bacterial resistance to
antibiotics.

One of the limitations of this study was the use of one gender of rats. It is suggested that this
research be investigated for the female gender as well.
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Table 5. Result of antibiogram of E.coli and E.faecalis diameter of the inhibition zone in cm.

E. coli Before After
Ant. Group Mean+ Sd (cm) p-value Mean +Sd (cm) P-value Mean Difference (*100)
AZM 1 1.90£0.24 0.99 2.96%0.25 0.2 -0.55
2 1.95+0.17 2.46%0.50
AP 1 1.93£0.20 0.1 2.16£0.05 0.07 -0.04
2 1.67£0.23 1.86+0.25
KAN 1 1.63£0.08 0.24 2.03+0.05 0.09 -0.04
2 1.57£0.05 1.93+0.05
TET 1 2.05£0.22 0.15 2.43%0.11 0.25 -0.00
2 1.82+0.20 2.2+0.26
GM 1 1.96+0.08 0.69 2.23%0.15 0.10 -0.17
2 1.97+0.12 2.06£0.05
E.faecalis
PEN 1 1.66+0.32 0.41 1.82+0.13 0.45 -0.05
2 1.82+0.20 1.92+0.20
TET 1 2.14+0.20 0.76 2.14£0.15 0.31 -0.06
2 2.17+0.09 2.11£0.03
ERY 1 1.98+0.21 0.38 1.88+0.35 0.03* 0.32
2 2.15+0.33 2.37+0.13
AMP 1 2.00+0.07 0.37 2.08+0.08 0.68 -0.13
2 2.20+0.38 2.14£0.32
VAN 1 1.76+0.11 0.90 1.90+0.14 0.11 -0.14
2 1.77£0.20 1.77+0.04
RIF 1 2.02+0.71 0.67 1.43+0.057 0.10 1.25
2 1.56+0.05 1.64+0.38

P-value: compared between the non-GM soybean (group 1) and GM soybean (group 2) groups

https://doi.org/10.1371/journal.pone.0311443.t005

Conclusions

In conclusion, the consumption of transgenic soy had no significant effect on body weight,
serological and biochemical parameters, and microflora of the gastrointestinal tract in rats.

However, the consumption of transgenic soybean changed the resistance of E. faecalis against
erythromycin. The findings highlights the importance of understanding the potential impact
of transgenic soy on antibiotic resistance. Further research is needed to elucidate the mecha-
nisms underlying these interactions and assess the long-term consequences for human health.
To ensure the safety and efficacy of these products for consumers, it is necessary to continue
investigating the effects of GM foods on the antibiotic resistance of the gut microbiota.
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