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 Abstract     
Background: There are some debates about the possible 
unintended effects of genetically modified (GM) crops on 
consumer health. The gut microbiota plays an important role in 
maintaining the health of the host, especially in gastrointestinal 
diseases. The current review focuses on the studies with the aim 
of evaluating whether their outcomes indicate any adverse effects 
of feeding genetically modified (GM) crops on alteration and the 
count of gut microbiota. 
Methods: A structured literature search was performed 
independently by three authors on Scopus, Web of Science, 
PubMed, and Embase on the 1st of July 2019. In total, 333 
publications were obtained by the search strategy, which 
decreased to 306 after excluding the duplicates. Furthermore, 
experimental studies that have designed a control group and were 
written in English were included in the review. After reviewing 
the full texts, 16 studies were included. To access the quality of 
articles, we used the Cochrane checklist. 
Results: Ten publications (62.5%) used 50% or more genetically 
modified (GM) diet in the treatment group. In 11 studies (68.7%), 
the duration of animal feeding was 90 days or more. There were 
no significant differences in the experimental and control groups 
of both male and female rats on the 90th day; it can be concluded 
that non-genetically modified (GM) and genetically modified 
(GM) rice diets did not cause any changes in the gut bacteria. 
Data analysis of different animal models showed that the most 
changes in the microbial flora were observed in the chicken and 
the least in the rat. In the studies in this review, all microbial 
isolates were anaerobic, and the Lactobacillus and Enterococcus 
families were common organisms. 
Conclusion: Based on our literature review, we claim that there 
is not any significant difference in gut microbiota between 
the control group and the group with a transgenic diet. The 
mechanisms of the effects of genetically modified (GM) foods 
on the gut microbiota in animals should be explicated in future 
studies. Nevertheless, this study provides valuable information 
for research on genetically modified (GM) foods and whether 
they are useful or detrimental to human health.
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Introduction

There has been an exponential growth in the subject of 
agricultural land cultivation with genetically modified 
(GM) crops since 1996. In 2016, 20 years later, 185.1 
million hectares were cultivated with genetically 
modified (GM) crops throughout the world (The 
International Service for the Acquisition of Agri-biotech 
Applications (ISAAA), 2017).1 As the cultivation area 
and marketing of genetically modified (GM) products 
extend, an increasing number of consumers are 
becoming familiar with them, which has caused a lot of 
concern about the possible inadvertent impact of these 
new products on the environment and public health.2 
Maize, cotton, soybean, and canola are the most common 
genetically modified (GM) crops.3 In these crops, a gene 
has been introduced to either cause insect resistance,4 
such as in the case of Bacillus thuringiensis (Bt) maize, 
or induce herbicide tolerance, an example of which would 
be Roundup Ready (RR) soybean. Genetic modification 
has been done on Bacillus thuringiensis (Bt) crops to 
cause the expression of one or more Cry proteins from 
the bacterium Bacillus thuringiensis (Bt) to protect them 
against insects of the order Lepidoptera.1, 5 Since 2013, 
one of the preconditions for authorizing GM crops in 
the European Union has been 90-day feeding studies 
on rodents.1

Recently, the critical role of the gut microbiota 
in keeping the host healthy has gained worldwide 
recognition.6 There is a functioning and complex 
microbiota in the gastrointestinal tract of mammals 
that affects the health of their bodies by playing an 
important role in intestinal metabolism. For example, 
the gut microbiota is tasked with energy extraction 
from indigestible foods, the development of the gut 
immune system, and the synthesis of crucial vitamins.7 
Numerous studies have shown that intestinal bacteria 
play an unparalleled role in physiology, intestinal 
morphology, development of the immune system, and 
digestion.5, 8, 9 As a complex and active ecosystem, 
the gut microbiota is responsible for many critical 
functions in the host, such as modulating metabolic 
processes, fermenting undigested energy, harvesting 
nutrients, and detoxifying toxic compounds.10

It is a widely recognized fact that many species 
of bacteria are beneficial, such as Lactobacillus, 
Bifidobacterium and some types of Streptococcus, while 
some other species such as Bacteroides, Clostridium 
and Enterobacterium can be dangerous due to their 
metabolic activities. There are even some species 
that can be potentially pathogens.2 The composition 
of the eaten food can have long-term effects on the 
microorganisms living in the gastrointestinal tract, 
which can be characterized by the fecal microbial 
flora.7 Some research has shown that changes in the 
structure of the microbiota in the gastrointestinal 
tract play a role in several conditions, such as 

inflammatory bowel disease, type 2 diabetes, colon 
cancer, brain abnormalities,6 and multisystem organ 
failure.11-13 For instance, colonic cancer, constipation, 
and inflammatory bowel disease can be influenced 
by the composition and metabolic activities of the 
microbiota.2 Hence, certain food safety evaluations 
have been carried out on genetically modified 
organisms (GMOs) to identify the intestinal microbiota 
as a genetically modified organism (GMO) food safety 
index.7 Therefore, it is crucial to carefully monitor the 
composition of gut bacteria in order to achieve a better 
safety evaluation of genetically modified organisms 
(GMOs) with regard to their impact on gastric health.2 
Previous studies have indicated some differences 
between animals fed with GM products and the ones 
on a non-genetically modified (GM) diet. It has been 
proposed that genetically modified organisms (GMOs) 
might influence the health of animals in unknown 
ways.7 Furthermore, it has also been suggested that 
randomly inserting a transgene into the genome of 
animals may lead to some unintended changes.2 With 
the dvent of transgenic technology, scientists have been 
able to cultivate several genetically modified (GM) 
crops using Cry proteins extracted from Bacillus 
thuringiensis (Bt)-targeting pests.10 In the past 20 
years, there have been numerous trials on animals 
aiming to assess the safety of GM crops cultivated 
with Cry proteins.10

The present review focuses on previous studies 
in the field aiming to determine whether they 
reported any adverse effects on genetically modified 
(GM) crops about unintended changes and the gut 
microbiota count. To this end, we reviewed several 
experimental studies published in refereed scientific 
journals that involved feeding genetically modified 
(GM) crops to animals, rats and mice, pigs/saws, 
or poultry. Therefore, this study summarizes and 
discusses the observed effects of feeding genetically 
modified (GM) crops as reported in the literature.

Methods

Research strategy: The PICO elements for this study are 
P (problem): Genetically Modified Food; I (intervention): 
genetically modified (GM) feeding; C (comparison): 
Not genetically modified feeding; and O (outcomes 
of interest): Gut microbiota composition. A structured 
literature search was performed independently by 
three authors on Scopus, Web of Science, PubMed 
and Embase on 1 July 2019 (Table 1). In total, 333 
publications were obtained by the search strategy, 
which decreased to 306 after omitting duplicates. 
Moreover, the review only included publications that 
were in English. The references included in the selected 
publications were used to find other peer-reviewed 
publications on the subject (“snowballing”). To access 
the quality of articles, we used the Cochrane checklist.  
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The collected articles were considered and scored 
independently by three authors and each publication which 
had the eligibility criteria was included in our review.

Inclusion criteria: All experimental animal studies 
which assess the impact of genetically modified (GM) 
crops on the gut microbiota. 

Exclusion criteria: Experiments without control 
group, the Cochran quality scale under 7 articles which 
were written in Persian or non-English language and 
articles the full text of which was not found.

In this regard, abstract screening was used to select 
26 relevant publications. After the review of the full 
texts was done, 16 studies were included (Figure 1). 

Results

We reviewed 16 scientific publications up to 1st of July 
2019, which had our inclusion criteria. The characteristics 
of the articles are shown in Table 2. Ten publications 
(62.5%) used 50% or more genetically modified (GM) 
diet in the treatment group. The duration of treatment 
varied from 2 to 420 days. In 11 studies (68.7%), the 
duration of animal feeding was 90 days or more. Nine 
studies were conducted on rats, 4 on pigs and saw, 2 
on broilers, and 1 on mice. In all, 8 studies fed their 

animals with genetically modified rice, 3 maize, 2 corn, 
1 apple, 1 soybean, and 1 canola. Most of the studies 
(75%) were performed in China, and a few of them were 
done in Ireland (3 studies) and New Zealand (1 study). 
All 3 studies in Ireland were done on pigs, all of which 
were fed with maize. One study in New Zealand was 
done on mice fed by apple. One experimental group 
included animals from multigenerational studies. Only 
2 multigenerational studies were conducted on Bacillus 
thuringiensis (Bt) maize in saws14 and on rice in pigs.10 
Results are shown briefly in Table 3 and reported 
separately based on bacteria family.

Entrobacteriacea 
Liu et al., Yuan et al. and Buzoianu et al. showed 

that there was a larger number of Enterobacteriaceae in 
the genetically modified (GM) group as compared with 
the non-genetically modified (GM) group.2, 10, 14 In Xu 
et al.’s study, the number of Escherichia coli (E. coli) 
was increased in non-genetically modified (GM)group, 
in contrast with the genetically modified (GM) one.15

In contrast to the mentioned studies, in the 
Zou et al.’s study, there was a significant reduction 
in all groups about the relative abundance of the 
Escherichia coli (E. coli) subgroup in males and 

Table 1: Search strategy to study the impact of feeding GM crops on gut microbiota
Key words
Gastrointestinal Microbiome” OR “Gut Microbiome” OR 
“Gut Microflora” OR “Gut Microbiota” OR “Gastrointestinal 
Flora” OR “Gut Flora” OR “Gastrointestinal Microbiota” OR 
“Gastrointestinal Microbial Community” OR “Gastrointestinal 
Microflora” OR “Gastric Microbiome” OR “Intestinal 
Microbiome” OR “Intestinal Microbiota” OR “Intestinal 
Microflora” OR “Intestinal Flora” OR “Enteric Bacteria

Genetically Modified Food” OR “GMO Food” OR “Genetically Modified 
Plant” OR “GMO Plant” OR “Genetically Engineered Plant” OR 
“Transgenic Plant” OR “Genetically Modified Organism” OR “GMO 
Organism” OR “Genetically Engineered Organism” OR “Transgenic 
Organism” OR “Genetically Modified crop” OR “Genetically engineered 
crop” OR “Genetic manipulated crop” OR “Transgenic crop” OR 
“transgenic food” OR “genetically altered food” OR “genetically altered 
crop” OR “genetically altered plant” OR “Bioengineered food” OR 
“Bioengineered crop” OR “Bioengineered plant

333 of records identified
through database searching

306 of records after duplicates removed

306 of records screened 280 of records
excluded

26 of full-text articles
assessed for eligibility

16 of studies included in
quantitative synthesis

10 of full-text articles
excluded, with reasons
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Figure 1: Flowchart of information through the different phases of a systematic review
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females by the end of the first month (by about 10%) 
as compared with the baseline, and the reduction 
continued up to the end of the study. However, these 
changes were not significant between the groups.7 
Another study by Buzoianu et al.16 has shown that 
being fed with genetically modified (GM) maize has 
had no effect on any of the counts of the cultivable 

bacteria from this family, whether enumerated in 
the feces, ileum, or caecum. There has also not 
been any significant impact on the composition of 
the caecal microbiota. According to the findings, it 
is safe to feed genetically modified (GM) maize to 
pigs in terms of the effects it has on their intestinal 
microbiota. 

Table 2: Summary of the characteristics of studies reporting the effect of genetically modified (GM) crops on gut microbiota
Author Year Country Sample size Animal Sex Study 

duration
Genetically 
modified 
organisms 
(GMOs) 
Crop 

Percent of 
genetically 
modified 
organisms 
(GMOs) in diet

1 Wentao Xu 2011 China 36 male and 36 female. 
divided into 6 groups 
randomly (n=6 per group), 

Sprague–
Dawley rats

M/F 90 days Rice 30%, 50%, 70%

2 Yanfang 
Yuan 

2011 China 36 rats (18 male and 18 
female) six groups (six rats 
per group)

Sprague–
Dawley (SD) 
rats

M/F 90 days T2A-1 rice 70%

3 Stefan G. 
Buzoianu 

2012 Ireland, 40 (case=9 , control=8) pigs M 110 days Maize 38.88%

4 Stefan G. 
Buzoianu 

2012 Ireland, 18 (9 each treatment) Crossbred 
pigs

M 31 days Maize 38.88%

5 Stefan G. 
Buzoianu 

2013 Ireland 9 non- genetically modified 
organism (GMO), 10 
genetically modified 
organism (GMO)

The saw M/F 36 weeks Maize 38.88

6 Yanfang 
Yuan 

2013 China 84 animals divided into 14 
groups (six rats/group) 

Rat M/F 90 days T2A-1 rice 70%

7 Richard V. 
Espley 

2014 New 
Zealand

30 (each group n=10) Swiss mouse M trial 1=7 
days, 
trial 2=21 
days

Apple 20%

8 Xiaozhe Qi 2014 China Three groups (10 rats/sex/
group). 

Sprague-
Dawley rat

M/F 90 days 4-114-7 rice 50%

9 Lin Lu 2015 China 160, 20 cages (8 chicks 
per cage) with 10 cages 
(replicates) for each 
treatment.

Arbor Acres 
commercial 
male broilers

M 42 days Corn (PTC) 54.0% during 
1–21 days and 
61.0%during 
22–42 days

10 Kai Zhao 2016 China Sixty (three groups, with 20 
rats in each group (10 male 
and 10 female per treatment

SPF Sprague 
Dawley rats

M/F 90 days Rice T1C-1 60%

11 Tianqi 
Lang 

2017 China 140 (70 male and 70 female). 
7 groups 20 rats/group (10 
rats per sex).

Sprague-
Dawley (SD) 
rats for

M/F 90 days Canola RF3 2.5, 5 and 
10% (w/w)

12 Penggao Li, 2017 China Forty (20 female and 20 
male) 
 

Sprague-
Dawley (SD) 
rats

M/F 10 weeks Corn 75.0%, 76.5% 
and 76.2%,

13 Geng Lili 2018 China 140 (two groups) Arbor Acres 
broilers 

F 42 days Rice
TT51

100%

14 Qiang Liu, 2018 China 26 pigs (13 females and 13 
males) 
(f0F control group, n=14) 
and a case group (f0Z group, 
n=12), 
27 offspring of the first 
generation (f1).  
control group (f1F group, 
n=10) and a case group 
(f1Z group, n=17)

Inbred 
Wuzhishan 
pigs

M/F Fed for 
f0=360 
and 
f1=420 
days

 MH86 rice 56-66% by mass 
based on the 
composition of 
rice

15 Shiying 
Zou 

2018 China 140 
Seven groups 

Sprague-
Dawley (SD) 
rat

M/F 90 days DP-356Ø43 
soybeans

7.5%, 15% and 
30% wt/wt

16 Xueqin 
Zhang 

2019 China 140 (Seventy male and 
seventy female)- 7 groups 
(10 rats/sex/group)

Sprague-
Dawley rats

M/F 90 days Rice Lac-3 17.5, 35 and 70%
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Table 3: The impact of feeding GM crops on animal gut microbiota
Author Year Method Sample region Bacteria family Results

1 Wentao Xu 2011 Real-time quantitative 
PCR (RQ-PCR) based on 
genus-specific 16s rDNA 
primers

Cecal sample Enterobacteriaacea
Lactobacillaceae
Clostridiaceae
Prevotellaceae
Rikenellaceae
Bifidobacteriaceae
Entrococcaceae
total anaerobes

These results suggested 
that genetically modified 
(GM) had a complex 
effect on caecal microflora 
that may be related to the 
health of the host

2 Yanfang Yuan 2011 “1- real-time 
quantification method 
(RM)”

Fecal sample Enterobacteriaacea
Lactobacillaceae
Clostridiaceae
Bifidobacteriaceae
Entrococcaceae
total anaerobes

No adverse effects on 
the numbers of specific 
bacteria in rat faeces were 
observed as a result of 
GMR feeding

3 Stefan G. 
Buzoianu 

2012 Culture-based methods Fecal, cecal, ilial 
sample

Enterobacteriaacea
Lactobacillaceae
total anaerobes

Did not affect counts 
of any of the culturable 
bacteria enumerated in 
the feces, ileum or cecum

4 Stefan G. 
Buzoianu 

2012 “Sequencing of 16S 
rRNA tags (V4 region; 
239 bp long”

Fecal, cecal, ilial 
sample

Enterobacteriaacea
Lactobacillaceae
total anaerobes

Some of the differences 
observed within the cecal 
microbiotas

5 Stefan G. 
Buzoianu 

2013 16S rRNA gene 
sequencing

Fecal, cecal, ilial 
sample

Enterobacteriaacea
Lactobacillaceae
total anaerobes

Confirms the lack 
of adverse effects of 
genetically modified (GM) 
maize on the intestinal 
microbiota of pigs

6 Yanfang Yuan 2013 “16S rRNA genes and 
denaturing gradient gel 
electrophoresis (DGGE)”

Fecal sample Lactobacillus salivarius, 
Bifidobacterium longum, 
Enterococcus faecalis, 
Escherichia coli and 
Clostridium butyricum

Comparable differences 
were observed in the 
bacterial composition 
from GI tract content

7 Richard V. 
Espley 

2014 “Quantified by real-time 
PCR and cultures”

Colonic content Total bacteria, Bacteroides-
Prevotella-Porphyromonas 
group, Bifidobacterium spp., 
Lactobacillus spp.

High-flavonoid apple was 
associated with changes 
in gut microbiota

8 Xiaozhe Qi 2014 16S rRNA gene Fecal sample Have microbiota profile 
but not count

9 Lin Lu 2015 “16S rRNA PCR-
denaturing gradient gel 
electrophoresis (DGGE) 
culture-based methods”

Cecal, ilial 
sample

Enterobacteriaacea
Lactobacillaceae
total anaerobes, total 
aerobes

No adverse effect on the 
quantity and diversity of 
gut microorganisms

10 Kai Zhao 2016 “16S rRNA genes and 
denaturing gradient gel 
electrophoresis (DGGE)”

Fecal sample Salmonella, Lactobacilli, 
Streptococcus, E. coli

Cluster analysis of 
DGGE profiles revealed 
significant individual 
differences in the rats’

11 Tianqi Lang 2017 V4 region of the 16S 
rRNA was amplified by 
PCR and then sequenced 
with a MiSeq platform

Fecal sample Microbacterium 
Staphylococcus Clostridium 
Paracoccus Acinetobacter 
Psychrobacter 
Lactobacillus or Lactococcus 
Bifidobacterium Escherichia 
coli (E. coli) or Proteus 

Diets containing 
genetically modified 
(GM) canola did not 
disturb the balance of gut 
microbiota

12 Penggao Li, 2017 “V3–V4 regions of the 
bacterial 16S ribosomal 
RNA Illumina MiSeq 
Sequencing”

Fecal sample Lactobacillus,
Barnesiella, Ruminococcus, 
Bacteroides, Clostridium 
XI and Clostridium 
XlVa, Ruminococcus 2, 
Enterococcus, Streptococcus 
and Oscillibacter Tannerella

Similar effects on the fecal 
microbiota were observed 
after consuming a 
genetically modified (GM) 
GM- and non- genetically 
modified (GM) -corn-
based diet for long periods

13 Geng Lili 2018 Sequencing the 16S 
rRNA

Cecal sample Enterobacteriaacea
Lactobacillaceae
total anaerobes, total aerobes

No adverse effects on 
the broiler intestinal 
microbiota

14 Qiang Liu, 2018 16S rRNA gene 
sequencing

Fecal sample Lachnospiraceae, Rumino-
coccacea, Prevotellaceae, 
Christensenellaceae, Strepto-
coccaceae, Lactobacillaceae
Enterobacteriaceae, 
Pseudomonadaceae and 
Pasteurellaceae

Bacillus thuringiensis (Bt) 
rice consumption has no 
adverse effects on the 13 
gut microbiota
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Furthermore, another study by Buzoianu et al., 
Lang et al., and Lili et al. reported that fecal, ilea, and 
ceca counts of Enterobacteriaceae were not affected 
by Bacillus thuringiensis (Bt) maize exposure. No 
significant differences were observed in Escherichia 
coli (E. coli) or Proteus.17-19 However, in Buzoianu et 
al.’s study, the pigs fed with Bacillus thuringiensis 
(Bt) treatment showed a lower cecal abundance of 
Succinivibrionaceae than those fed with isogenic 
treatment (0.17% vs. 1.80%; P=0.08).17

Lactobacillaceae
In some studies, the Lactobacillus group had 

a higher count in non-genetically modified (GM) 
males at the end of the third month compared with 
baseline.7, 15, 20 In Espley et al.’s21 study, relative to 
the total bacteria count in the colon, there was a 
significantly larger number of Lactobacillus spp. in 
the control group on the 2nd day as compared with 
any other dietary treatment (P<0.01, diet; P<0.01, 
day; P<0.01, diet 3 day). Also, in the Zou et al.’s7 
study, there were several differences (in the form of 
decrease in the genetically modified (GM)-fed group 
in the relative abundance of the Lactobacillus group 
among the males between genetically modified (GM) 
and non-GM groups.

The number of Lactobacillus was decreased in the 
non-genetically modified (GM) group, but not in the 
genetically modified (GM) group, which suggests that 
GM might be putting the intestinal tract at a health 
risk.15 In the Li et al.’s6 research, there was a significant 
increase in Lactobacillus in the group of female rats 
following genetically modified (GM) corn-feeding as 
compared with the standard diet, while Lactobacillus 
was the largest genus in all fecal samples (36.13 vs. 
12.02%, P<0.05).

In a study conducted by Yuan et al.,2 compared 
with the standard group, both GM and non- genetically 
modified (GM) rice-fed groups showed a significantly 
higher count of Lactobacillus in feces on the 30th 
day although the count was decreased on the 60th 
and 90th days. Overall, several studies showed that 
Lactobacillus was not affected by maize, rice, corn in 
rats, pigs and birds in genetically modified (GM) and 
non- genetically modified (GM)-fed groups.2, 11, 17-19, 22

Although some studies demonstrated this effect 
happened in the first week of the study, the difference 
at the end of the study weeks was non-significant.11 
Also, some studies showed that these differences 
depended on the gender and study area of the 
gastrointestinal tract, but, overall, it seems they could 
not find significant differences. 

Enterococcus
The genetically modified (GM) and non- genetically 

modified (GM) groups had many differences in terms 

of the relative abundance of Enterococcus in the males 
in the Zou et al.’s study,7 and in genetically modified 
(GM)-fed animals it was lower in both genders. Yuan 
et al., Buzoianu et al., and Yuan et al.2, 11, 17 showed 
significantly higher numbers of Enterococcus in 
genetically modified (GM)-fed groups compared 
with non-genetically modified (GM) groups. This 
difference was also seen in the groups fed with corn, 
maize and rice, and was also significant in rats and 
pigs. In other words, the difference observed was 
not dependent on the animal, gender, or the type of 
feeding differences.11, 15, 17, 19

Clostridiaceae
The studies of the Clostridiaceae genus showed 

that gender was important in differences in the number 
of bacteria. In the Li et al.’s study,6 Clostridium IV 
was significantly increased in the genetically modified 
(GM) group of male rats compared with the control 
group (6.2 vs. 1.68%, P<0.05); however, said it was 
not the case with the female group.

In another study, Clostridium sensu stricto was 
increased in the corn-fed groups of female rats, 
while it reduced in the males (P<0.05). There was a 
significant decrease in the relative abundance of the 
Clostridium perfringens subgroup in both males and 
females at the end of the first month (by approximately 
10%) as compared with baseline, and the decrease 
continued up to the end of the study.7

Peptostreptococcaceae
In the Lili et al.’s study,11 there were larger numbers 

of Peptostreptococcaceae in isogenic rice-fed broilers 
(P=0.02).

Thermoanaerobacteraceae
In Lili et al.’s study,18 among the more 

scarce families, there were higher levels of 
Thermoanaerobacteraceae in genetically modified 
(GM) rice-fed broilers (P=0.03).

Prevotellaceae
In the Xu et al.’s study,15 there was not any 

clear regular pattern for the genome copies of the 
Bacteroides–Prevotella group among 3 subjects in 
the genetically modified (GM) and non-genetically 
modified (GM) groups. Espley et al.’s21 study 
concluded that regardingthe Bacteroides-Prevotella- 
Porphyromonas group, diet (P=0.03) and day (P=0.05) 
had significant impacts. In this respect, there was a 
higher bacteria count in the mice fed with genetically 
modified (GM) crops as compared with those on the 
non-genetically modified (GM) diet. In Zou et al.’s7 
study, at the baseline, there was a minor increase in 
the relative abundance of the Bacteroides–Prevotella 
group in the female groups as time passed, while a 
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significant decrease was observed in the relative 
abundance of the same bacteria in the male groups 
down to about 10% by the end of the first month and 
20% by the end of the study.

Bifidobacteriaceae
In Xu et al. and Lang et al.’s studies,19 there was 

not any clear regular pattern for the genome copies 
of the Bifidobacterium group among 3 subjects in 
the genetically modified (GM) and non-genetically 
modified (GM) groups.19 Buzoianu et al.17 reported 
a low prevalence of the Bifidobacteriaceae group, as 
they were only observed in the ceca of two pigs fed 
with the isogenic maize diet and five pigs fed with 
the genetically modified (GM) maize diet. Based 
on this finding, they concluded that the abundance 
of Bifidobacteriaceae tends to be higher in the ceca 
of pigs that received the genetically modified (GM) 
treatment than the pigs which received the isogenic 
treatment (P=0.06). Espley et al.’s21 study revealed a 
significantly higher level of Bifidobacterium spp. in 
the mice that received RG-F and Royal Gala apple 
flesh and peeled (RG-FP) diets as compared with any 
other diet in the experiment (P<0.01, diet; P<0.01, day; 
P<0.01, diet 3 day).21 In Li et al.’s study,6 there was 
also a significant increase in Bifidobacterium in the 
group of female rats fed with the GM diet (2.17% vs. 
0.13%, P<0.05). In Zou, et al.’s7 study, a different trend 
of diversity was observed for the beneficial bacteria 
from the Bifidobacterium genus. In this regard, there 
was a significant increase of 1.2 fold in the relative 
abundance of bacteria from the Bifidobacterium genus 
in the genetically modified (GM) and non- genetically 
modified (GM) groups at the end of the study compared 
with baseline. Furthermore, there was a similar final 
abundance of bacteria from the Bifidobacterium genus 
between the males and females.

Barnesiellac (Porphyromonadaceae Family)
There was also an increase in the second largest 

genus in Li et al.’s study,6 Barnesiellac, following corn-
feeding, and the increase was significant in the group 
of female rats on the genetically modified (GM) diet 
(23.42 vs. 9.31, P<0.05), while a significant decrease 
was observed in Tannerella in the same group (1.03 
vs. 7.90%, P<0.05), but not in the males.

Akkermansiaceae (Verrucomicrobia)
Li et al.6 reported an increased level of the 

Akkermansia genus from the Verrucomicrobia 
phylum in corn-fed groups of male rats, which was 
significant in the non-genetically modified organism 
(GMO) group (5.74 vs. 0.32%, P<0.05). However, 
in male animals, the proportion of Firmicutes in 
the genetically modified organism (GMO) group 
decreased significantly compared with the group 
which received the standard diet (59.59 vs. 80.25%, 

P<0.05). There was also a significant increase in the 
proportions of Verrucomicrobia and Candidatus 
Saccharibacteria in the non-genetically modified 
organisms (GMOs) group (5.74% and 1.85% vs. 0.32% 
and 0.19%, respectively, P<0.05).

Total Bacteria
In Lili et al.’s study,18 no differences were observed 

in the total number of aerobes or anaerobes in the ceca 
of broilers on isogenic rice or Bacillus thuringiensis 
(Bt) rice diets for 42 days (P>0.05). Moreover, there 
were no significant differences between broilers-fed 
Bacillus thuringiensis (Bt) -rice and isogenic-rice 
diets. There were also no significant differences 
in the relative abundance of bacterial phyla in the 
cecum of broilers on Bacillus thuringiensis (Bt)-
rice and isogenic rice diets. Overall, 31 bacterial 
families were detected in the DNA found in the cecal 
contents of broilers. Furthermore, there were not any 
significant differences in the relative abundance of 
the major families under study in the cecal contents 
of isogenic and Bacillus thuringiensis (Bt) rice-fed 
broilers.18 In Zou, et al.’s study,7 the male group 
fed with genetically modified (GM) soy beans had 
different gut microbiota than the non-genetically 
modified (GM male group. Meanwhile, with regard 
to other bacterium types, the trends of abundance 
were similar between GM and non-GM groups. 
Furthermore, no significant differences were observed 
between the male and female or genetically modified 
(GM) and non- genetically modified (GM) groups. In 
a study carried out by Buzoianu et al.,17 there were 
no significant differences in the relative abundance 
of bacterial phyla in the cecal contents of pigs fed 
with Bacillus thuringiensis (Bt) and isogenic maize 
diets. Also, no significant differences were observed 
between diets regarding the relative abundance of any 
major families. In addition, Xu et al. concluded that 
genetically modified (GM) diet had a complicated 
impact on caecal microflora, and associated this 
impact with the host’s health.15

In another study by Buzoianu et al.,14 for many 
species, there were significant differences (P<0.05) 
between genetically modified (GM) maize-fed piglets 
andthose in the control group during weaning, where 
genetically modified (GM) maize-fed piglets had a 
generally higher relative abundance. However, in the 
case of Proteobacteria, there was a lower relative 
abundance in genetically modified (GM) maize-
fed piglets. Overall, authors reported that feeding 
GM maize to sows and their piglets influenced the 
intestinal microbiota. However, these were limited 
effects that had no relationship with any health 
problems in the sows and their piglets.14 The patterns 
of denaturing gradient gel electrophoresis (DGGE) 
indicated the predominance of bacteria in the ceca of 
piglets, which suggested that different diets had caused 

https://www.google.com/search?sxsrf=ACYBGNSst4GPRJ9AtFRN6XN5STH1midhXA:1570871192586&q=Porphyromonadaceae&stick=H4sIAAAAAAAAAONgVuLSz9U3MCrMM8pLXsQqFJBfVJBRWZSfm5-XmJKYnJqYCgACTPKaIwAAAA&sa=X&ved=2ahUKEwjv3K-br5blAhWjMewKHbaXDBsQmxMoATASegQIDBAU&sxsrf=ACYBGNSst4GPRJ9AtFRN6XN5STH1midhXA:1570871192586
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major changes.11 Analyzing the relative abundance of 
the bacteria under study revealed small changes in 
the B/E ratios (Bifidobacterium/Enterococcus) during 
all research stages and in all groups, with the ratios 
ranging between 1.19-1.33, which shows a proper 
balance in gastric health.11

Through denaturing gradient gel electrophoresis 
(DGGE) analysis, Zhao et al.23 analyzed nine samples 
over two weeks and found small differences in the 
fecal samples of both experimental and control groups 
during the same growth stage. In this regard, they 
found several common dominant bands, indicating 
the presence of dominant bacteria in every fecal 
sample. This finding also showed the low impact 
of Bacillus thuringiensis (Bt) transgenic rice on the 
dominant microorganisms that are vital for sustaining 
rats in the long term. A cluster analysis carried out 
on denaturing gradient gel electrophoresis (DGGE) 
patterns suggested that the development of rats had 
a bigger impact on the intestinal microbiota than the 
Bacillus thuringiensis (Bt) rice diet.23 Espley et al.’s21 
study showed a significantly lower total bacteria count 
for the mice in the control group compared with the 
mice that received genetically modified (GM) diets. 
For the mice in the control group, a significantly higher 
total bacteria count was observed after 7 feeding days 
as compared with after 21 days. Lu et al.22 arrived at 
the possibility that genetically modified (GM) diet 
might not have an adverse impact on microflora in 
the ileum and cecum. Furthermore, no significant 
differences (P>0.05) were observed between birds 
fed with genetically modified (GM) corn and those 
in the control group in terms of aerobic and anaerobic 
bacteria count. Similar bands were detected in the 
ileum and cecum of birds in the genetically modified 
(GM) and non-genetically modified (GM) groups. In 
addition, there were also similar band numbers in the 
ileum or cecum (P>0.05), which suggests that the two 
diets resulted in the presence of similar dominant 
microflora in the ileum or cecum. 

Gender-related Studies
In another related study by Qi et al.,24 in terms of 

bacterial diversity, a significantly different β-diversity 
was observed between the genetically modified (GM) 
and non-genetically modified (GM) groups of male 
rats on the 30th day and female rats on the 90th day 
(P<0.05). However, the difference was not significant 
in the two genders simultaneously, which means that 
it was not associated with time. As to α-diversity, 
there were significant differences (P<0.05) between 
the genetically modified (GM) and non- genetically 
modified (GM) groups of male rats on the 90th day. The 
same was also true for the non- genetically modified 
(GM) and control groups.

As to diet type, there were differences between 
genders with respect to the relative proportion of phyla 

and genera. In the females, there were no any significant 
differences between the four groups in terms of the 
abundance of major phyla. Meanwhile, in the male 
groups, compared with the standard group, there was a 
significant reduction in the proportion of Firmicutes in 
the genetically modified organism (GMO) group (59.59 
vs. 80.25%, P<0.05); also, significant increases were 
observed in the proportions of Verrucomicrobia and 
Candidatus Saccharibacteria in the non-genetically 
modified organism (GMO) group (5.74% and 1.85% vs. 
0.32% and 0.19%, respectively, P<0.05).6 In a research 
by Zhang et al.,25 on the 90th day, there were different 
gut microbiota structures in 70% of the genetically 
modified (GM) and 70% of the non-genetically 
modified (GM) groups of both genders compared with 
their respective control groups (P<0.05). Furthermore, 
a significant difference was observed between the 
70% of the genetically modified (GM) and the 70% 
of the non-genetically modified (GM) male groups 
with respect to the gut microbiota structure (P<0.05), 
while no significant difference was detected between 
the two female groups (P>0.05). Since there were no 
significant differences in the experimental and control 
groups of both male and female rats on the 90th day, it 
can be concluded that non- genetically modified (GM) 
and genetically modified (GM) rice diets did not cause 
any changes in the gut bacteria (P>0.05). However, 
there were more obvious changes in the gut microbiota 
of male rats as compared with the females.25

Discussion

In-vivo and in-vitro studies on animals have shown the 
significant effect of diet, age, gender, culture, lifestyle, 
and host genotype on the intestinal microbiota.19 The 
microbial composition of the gut varies in different parts 
of the digestive tract. The gut microbiota is composed 
mainly of anaerobes, which are approximately 2–3 times 
more than facultative anaerobes and aerobic bacteria, but 
most of the bacteria in the cecum are aerobic. In the small 
intestine, the predominant organisms are enterococci and 
lactobacilli.26 In the studies in this review, all microbial 
isolates were anaerobic, and the Lactobacillus and 
Enterococcus families were common organisms. Similar 
results have been achieved using the conventional plate 
count method and the real-time PCR method. Hence, the 
method of counting would not be the case for discussion 
in this study.

Nutrition Contents of Food
As some studies have shown that carbohydrate 

compounds in transgenic and non-transgenic products 
can be different27, 28 and in the study of Buzoianu et 
al.,17 carbohydrate was more in transgenic crops, the 
increase in the population of Enterobacteriaceae and 
Bifidobacteria in the transgenic-fed group can be 
related to the difference in nutritional content.
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In Espley et al.’s research21 that used apple as 
genetically modified (GM) food, there was a significant 
difference between bacterial species in the control 
group and the group fed with apples. It may be due to 
the fiber in apple. An association was made between 
fiber intake and the composition of gut microbiota by 
means of a decrease in the gut transit and pH. Fiber 
is considered the main source of fermentation for 
microbiota, thereby changing the gut microbiota.29 
The action of gut anaerobic bacteria on carbohydrates 
and their fermentation produces organic acids such as 
SCFA (acetate, propionate and butyrate), as well as 
the production of gases such as carbon dioxide and 
hydrogen, which have a significant impact on the pH 
of GIT contents. In addition to this change in the pH 
value, the gastric bacteria composition will also be 
influenced by the GIT environment. Furthermore, 
different bacterial compositions will affect the pH 
value, as well as SCFA characteristics.11 However, in 
another study, there were significantly higher counts 
of Lactobacillus and Enterococcus in the feces of rice-
fed animals on the 30th day. Lactobacillus, a beneficial 
bacterium can use glucose and lactose and produce 
lactic acid to prevent the growth of pathogenic 
bacteria in the gut and also has an important role in the 
immune system. Based on studies, it can be claimed 
that the number and diversity of Lactobacillus species 
vary with the type of food and diet.15

In the case of transgenic apple, given the genetic 
alteration in fruit color, coding genes increases 
anthocyanosides in fruit. In the study of Tugba 
Ozdal,30 anthocyanosides increased the population 
of Bifidobacteria, Lactobacilli and whole intestinal 
bacteria in humans. As to total bacteria, the results 
are consistent with those of the study of Esply et al.21 
However, the results are not the same for Bifidobacteria 
and the Lactobacilli family. This variation may be due 
to differences between humans and animals. On the 
other hand, gastrointestinal bacteria are decreased by 
flavonoids augmentation. Therefore, the researcher 
should carefully analyze the macro- and micro-
nutrients of transgenic foods before preparing them.

In Zou, et al.’s research,7 the only study that 
has been done on soybeans as genetically modified 
(GM) food, soybean had a considerable effect on 
the increasing frequency of Biphidiobacterium, 
Clostridium, Escherichia coli (E. coli) and Bordetella 
groups compared with the control group.

Duration of Study
In Buzoianu et al.’s research16 that studied two 

generations, no significant difference was observed 
between bacterial species in the parental and newborn 
groups. Long-term use of Gm could cause changes 
in the number and species diversity of bacteria in 
the gut. For example, in Buzoianu et al.’s study,14 it 
was shown that a group fed with Gm maize totally 

had a higher prevalence of microbiota existing in the 
gut than the control group (except Proteobacteria). 
Research on the impact of Bacillus thuringiensis 
(Bt) maize diets on the gut microbiota is limited to 
studies showing that the hosts’ gut microbiota has 
had great tolerance for Bacillus thuringiensis (Bt) 
maize. However, this increasing rate could be due to 
long-term feeding with Gm.17

Gender Differences
Although in some animal and human studies 

such as Mueller et al.’s study31 it has been found that 
microbial flora of the two genders are different, in 
the research reviewed in a recent study, there was no 
significant difference between genders, due to non-
drug group. For this reason, the use of two genders 
or each of them can be done with no change in the 
results of studies. However, according to a series of 
observations, if the study used both genders, it is 
recommended that each gender should be compared 
with itself for data analysis. In the study by Adriana 
Cabal et al.,32 it was emphasized that nutrition, age, 
geography, genetics, and lifestyle can have more 
impact than gender differences.

In Zhang et al.’s research,25 changes in the gut 
microbiota of male rats compared with female rats 
have been evident. Totally, more indicators are 
changing in male rats compared with female rats. 
This is because male rats have higher sensitivity in 
the growth period compared with female ones. Several 
studies have demonstrated that gender influences gut 
microbiota composition.33

Body Composition
In a study that discussed bacteria based on their 

diversity,24 there were some significant differences in 
microbiota between the genetically modified (GM) 
group and the control group. These differences in male 
rats happened on the 30th day, and in female rats it 
happened on the 90th day. It could be because of the 
difference in BMI of animals that these two factors are 
effective for bacterial diversity. Moreover, it seemed 
that total body fat content also had an impact on the gut 
microbiota diversity and composition.29 For example, 
in a study conducted in the USA, it was shown that 
the BMI in female animals was related to the overall 
gut microbiota. Also, in another study carried out in 
Spain, it was reported that the microbiota explained 
31.17%.8 A study in China found a significantly higher 
α-variability in the intestinal microbiota of the low-
weight group as compared with other weight groups; 
however, this only applied to women. At the genus 
level, there was a higher abundance of Bifidobacterium 
Coprococcus and Dialister, as well as a significantly 
higher abundance of Phascolarctobacterium, in obese 
women, while a higher frequency of Fusobacterium 
was observed in obese men.29
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Animal Model
Data analysis of different animal models showed 

that the most changes in the microbial flora were in the 
chicken and the least in the rat. Since studies by Flemer 
et al.34 have shown that rats have the highest microbial 
resemblance to humans, their reproduction would be 
faster than pigs and chicks, so rats are suggested to 
be better animal models than other animals in future 
similar studies.

Conclusion

Based on our literature review, we claim that there is 
no significant difference in the gut microbiota between 
the control group and the group fed with the transgenic 
diet. Due to the low frequency of certain species and 
the inadequate information indicating gastric health, we 
had some trouble describing the differences between 
genetically modified (GM) and non-genetically 
modified (GM) groups. In addition, most of the bacterial 
community residing in the rat gut is still unknown, and 
most of these bacteria are not able to culture. For future 
research, we recommend that the mechanism of action 
of GMR should be clarified in animal guts. However, 
it still provides invaluable data in GMR, whether it is 
beneficial for human health or hazardous.
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