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Abstract

The digestive fate of ingested transgenic DNA and/or proteins in livestock fed a diet 
containing genetically modified (GM) feed is at present the topic of scientific discussion.  A 
number of studies possible transfer and accumulation of novel DNA 
and/or proteins 

Transgene detection either in form of DNA or protein was more prevalence in the 
experimental studies when monogastric animals or fish were used as the experimental 
animals. Although, these transgenes were also detected in the tissues, organs and products of 
large and small ruminants, yet the detection frequency was less when compare with that in 
non-ruminants and fish. Thus overall, findings from this study indicated that transgenic DNA 
is not completely degraded during feed processing and digestion and that DNA fragments 
could be detected by well-established detection methods such as PCR or qPCR in a number of 
organs and tissues of livestock animals.
Keywords; Genetically modified (GM) feed, Transgenic DNA/protein, DNA transfer, 
Digestibility, Polymerase chain reaction (PCR)

have investigated the 
from transgenic plants in tissues samples of various livestock species, but the 

data reported are sometimes controversial. Therefore, this study aimed to evaluate the 
potential transfer and accumulation of transgenic DNA/ proteins from transgenic feed 
ingredients to livestock through reviewing scientific publications on experimental studies in 
large and small ruminants, monogastric and fish. Most of the studied experiments were 
conducted in Europe, and in majority these experiments, transgenic maize or soybean, or 
both, expressing insect resistant or herbicide tolerant or combination of both, were fed to the 
experimental animals. More than 50% of the experimental studies evaluated, reported the 
detection of transgenic DNA/protein from a number of analyzed samples of various livestock 
species. 

Introduction
In recent years, the biotechnological 
advances, based on recombinant DNA 
technology, have allowed the production of  
a great deal of novel crop varieties, 
popularly called genetically modified (GM) 
crops or transgenic crops . Over the past few 
years, the adoption of these GM crops for 
human and animal consumption is 
increasing frequently . Various animal 
feeding studies, with transgenic crops were  
conducted so far and based on outcomes of 
these studies, a substantial equivalence 

between the present GM crops and 
conventional varieties was established  as 
majority of these experimental studied did 
not reveal any substantial changes in feed 
digestibility, performance, or health in 
animals fed GM feeds compared with 
animals fed non-GM feeds . Scientist have 
also evaluated the digestibility and possible 
transfer of the transgenic DNA (tDNA) 
from transgenic crops to livestock tissues 
and their products intended for human 
consumption, and no traces of tDNA have 
been identified in any of the accessed tissue 
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or products of these animals consumed GM 
feeds . Conversely, some studies have 
Shockingly reported the trace of very small 
DNA fragments from transgenic crops in 
tissues from pigs, sheep, goats  and fish  .  
These contradictory findings have resulted 
to considerable public debate concerning 
the safe use of GM crops in livestock 
feeding. In order to update our knowledge 
on this topic, this review aimed to evaluate a 
number of published experimental studies 
in refereed scientific journals that focused 
on fate of recombinant DNA/protein 
digestibility and its potential transfer to 
livestock tissues and livestock derived 
products consumed by humans. The 
digestive fate of tDNA/protein and its 
possible transfer to livestock and their 
product was and summarized and 
highlighted.

Material and methods
A structured literature searches in Scopus 
(http:// www.scopus.com/home.url) and 
Web of Science (http:// webofscience.com/) 
were performed using five different search 
strings; Assessing the possibility of GM 
DNA transfer from GM feed to livestock, 
Carry-over of DNA from GM feed to 
livestock, Detection of recombinant plant / 
endogenous DNA in GM fed animals, 
Digestibility of transgenic DNA in 
livestock tissues fed GMO-based diet, Fate 
of transgenic DNA in animal tissues. 
Publications relevant to our “search string” 
were selected based on abstract screening. 
Other related peer-reviewed papers from 
the reference list in the selected 
publications were also considered. 
Publications studies involved non-
livestock species (e.g. rodents and other 
wild animals) were overlooked. However, 
any study which involves the use of fish as a 
model was as well included. Besides, 
publications which are only written in 
English were used in this review. For 

 

 

evaluating the digestibility and the possible 
transfer of transgenic DNA/protein to 
livestock tissues, experimental studies 
which used control groups were only 
selected. A number of the published 
experimental studies that assessed the effect 
of GM feeds on health parameters (e.g. 
h a e m a t o l o g y,  s e r u m  c h e m i s t r y,  
histopathology and immunology) and 
performance parameters (e.g. average daily 
weight gain, body weight, feed conversion), 
or reproductive traits (e.g. litter size, birth 
weight) were come across, but we only 
focused on those studies which were more 
specific to transgenic DNA/protein 
digestibility and its potential transfer to 
livestock tissues. 

Results
A total of 48 scientific publications from the 
period of 2001 to 2016, which reported the 
studies that focused on the potential transfer 
of transgenic DNA/proteins from GM feeds 
to livestock tissues were evaluated. The 
overview of the experimental studies that 
were described in these 48 publications is 
presented in Tables 1 and 2. Any publication 
in which the authors reported the use of an 
animal species and their offspring as 
experimental animals e.g.  goats and their 
offspring, sow and their offspring or does 
and their litters, were regarded as one 
experimental groups. Similarly, animals of 
multigenerational studies were as well 
considered as one experimental group.
Figure 1 shows the distribution of the most 
common GM crops  used  in  the  
experimental studies. Although, various 
GM crops have been reported to be used as 
additional feed ingredients in livestock diet, 
in this review, it was found that GM maize 
or GM soybean were mostly fed to the 
experimental animals than any other GM 
crops. Other GM crops such as GM cotton, 
GM canola and GM rape seeds were also 
used in some of the experimental studies, 
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Table 1.  Fate of transgenic DNA/protein  in the tissues of large and small ruminants fed GM feed  
GM-feed 
material  

Transgene 
present  

Animal 
species  

Tissues/sample  
assayed  

Transgene 
detection  

Detection 
method  

 

References  

GM maize & 
soybean

 

Bt & herbicide
 tolerant genes

 

Dairy cow
 

Milk
 

No
 

qPCR
 

(De Giacomo et 
al., 2016)

 GM maize & 
soybean

 

Bt & herbicide

 tolerant genes

 

Dairy cow

 
Milk, rumen

 
No

 
PCR

 
(Furgaù-Dierýuk et 

al., 2015)

 GM maize & 
soybean

 

Bt & herbicide

 
tolerant genes

 

Calf

 

Blood, liver, spleen, 
kidney,

 
pancreas, muscle, 
stomach,

 
duodenum, jejunum, 
colon,

 

excreta

 

Yes, in 
stomach

 

PCR

 

(Sieradzki et 
al., 2013)

 

GM maize

 

Cry1Ab

 

Dairy cow

 

blood, feces, milk, urine

 

Yes, in feces

 

ELISA

 

(Paul et al ., 
2010)

 

GM maize

 

Bt gene

 

Dairy cow

 

Blood

 

No

 

qPCR

 

(Bertheau et al., 
2009)

 

GM maize

 

Cry1Ab

 

Dairy cow

  

Blood, milk, feces, urine

 

NO

 

ELISA

 

(Gürtler et al ., 
2009)

 

GM maize

 

Cry1Ab, 
mepsps

 

Dairy cow

 

Milk

 

No

 

PCR

 

(Calsamiglia et 
al., 2007)

 

MG maize 
and soybean

 

Bt & herbicide

 

tolerant genes

 

Dairy cow

 

Milk

 

Yes

 

PCR

 

(Agodi et al ., 
2006)

 

GM maize

 

Glufosinate 
resistant gene

 

Dairy cow

 

Milk

 

No

 

PCR 
&ELISA

 

(Phipps et al ., 
2005)

 

GM cotton

 

cry1Ac, 
cry2Ab & cp4 
epsps

 

Dairy cow

 

Milk

 

No

 

PCR

 

& 
southern 
blot

 

(Castillo et al ., 
2004)

 

GM

 

maize 
and soybean

 

cry1a[b]

 

cp4 epsps

 

Beef & 
dairy cow

 

blood, feces, intestinal 
and

 

rumen content, milk

 

Yes, in all 
samples

 

PCR

 

(Phipps et al ., 
2003)

 

GM soybean

 

cp4 epsps

 

Dairy cow

 

Mil

 

NO

 

PCR

 

(Phipps et al ., 
2002)

 

GM maize

 

CryIA(b)]

 

Beef & 
dairy cow

 

blood, feces, intestinal

 

content, milk, muscle, 
liver &

 

spleen

 

Yes

 

PCR

 

(Einspanier et 
al., 2001)

 

GM maize

 

Bt gene

 

Sheep

 

GIT, liver, lymph nodes 
&

 

rumen fluid

 

NO

 

PCR

 

(Trabalza-
Marinucci et 
al., 2008)

 

GM 
rapeseed

 

cp4 epsps

 

Sheep

 

digesta, faeces

 

& blood

 

No

 

PCR & 

 

qPCR

 

(Alexander et 
al., 2006)

 

GM canola

 

cp4 epsps

 

Sheep

 

GIT and GIT content,

 

kidney, liver, spleen

 

Yes, in GIT 
and GIT 
content

 

PCR & 
southern 
blot

 

(Sharma et al ., 
2006)

 

GM maize

 

CryIA(b )

 

Sheep

 

feces, oral cavity, rumen 
fluid

 

Yes, in 
rumen fluid

 

PCR

 

(Duggan et al ., 
2003)

 

GM soybean

 

cp4 epsps

 

Goat

 

Blood, liver, kidney, 
skeletal muscle, spleen, 
heart & milk

 

Yes , in 
blood & milk

 

PCR

 

(Tudisco et al ., 
2010b)

 

GM maize

  

Goat

 

Milk

 

NO

 

PCR & 

 

qPCR

 

(Rizzi et al ., 
2008)

 

PCR=Polymerase chain reaction, qPCR=Real-time polymerase chain reaction, ELISA= Enzyme link 
immunosorbent assay 10
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Table 2.  Fate of transgenic DNA/protein in  the tissues on non-ruminants/fish  fed GM feed  
GM-feed 
material  

Transgene 
present  

Animal 
species  

Tissues/sample  
assayed  

Transgene 
detection  

Detection 
method  

References  

GM
 
maize 

and 
soybean

 

Bt
 

& 
herbicide

 tolerant 
genes

 

Broiler
 
Blood, liver, spleen, 
breast muscle, gizzard, 
duodenum, Jejunum, 
ileum, caecum, cloaca & 
excreta

 

Yes, in 
gizzard & 
duodenum

 

PCR
 

(Sieradzki et al ., 
2013)

 

GM

 

maize 
and 
soybean

 

Cry 1A(b) & 
cp4 epsps

 

Broiler

 

Gizzard, duodenum,

 
jejunum, ileum, caecum,

 
blood, liver, spleen, 
breast & muscle

 

Yes, in 
Gizzard

 

PCR

 

(Úwi¹tkiewicz et 
al., 2010)

 
MG maize 
and 
soybean

 

Cry 1A(b) & 
cp4 epsps

  

Broiler

 

Kidney

 

& Liver 

 

Yes, in liver

 

Multiplex –
PCR

 

(Øehout et al ., 
2008b)

 
GM soya

 

Herbicide

 

tolerant gene

 

Broiler

 

Blood

 

Yes

 

PCR

 

(Øehout et al ., 
2008a)

 

GM maize

 

Bt gene

 

Broiler

 

Muscle

 

No

 

PCR

 

(Nemeth et al ., 
2004)

 

GM maize

 

cry1Abgene

 

Broiler

 

kidney, liver, muscle,

 

spleen

 

No

 

PCR & 
southern 
blot

 

(Jennings et al ., 
2003)

 

GM maize

 

cry9C

 

Broiler

 

Blood, liver, muscle

 

No

 

PCR & 
ELISA

 

(YONEMOCHI 
et al., 2002)

 

GM corn

 

phyA2 gene

 

Laying hens

 

Blood, heart, gizzard ,

 

liver, spleen, kidney, 
breast muscle, & eggs 

 

Yes in 
gizzard

 

PCR & 
western blot

 

(Ma et al., 2013)

 

GM

 

maize 
and 
soybean

 

Bt & 
herbicide

 

tolerant 
genes

 

Laying hens

 

Blood, liver, spleen, 
breast muscle, gizzard, 
duodenum, Jejunum, 
ileum, caecum, cloaca , 
excreta & eggs

 

Yes, in 
gizzard & 
duodenum

 

PCR

 

(Sieradzki et al ., 
2013)

 

GM maize 
and 
soybean

 

Bt & 
herbicide

 

tolerant 
genes

 

Pig

 

Blood, liver, spleen, 
muscle, stomach, 
duodenum, jejunum & 
excreta

 

Yes, in 
stomach, 
duodenum

 

PCR

 

(Sieradzki et al ., 
2013)

 

GM maize 
and 
soybean

 

Bt & 
herbicide

 

tolerant 
genes

 

Pig

 

Blood

 

No

 

PCR

 

(Úwi¹tkiewicz et 
al., 2013)

 

GM maize

 

cry1Ab

 

Pig

 

Blood, GIT content, 
heart, kidne y, liver, 
muscle & spleen

 

Yes, in GIT

 

PCR

 

(Walsh et al ., 
2012)

 

GM maize

 

Cry1Ab

  

Pig

 

Blood & feces

 

No

 

PCR

 

(Buzoianu et al., 
2012)

 

GM maize

 

cry1Ab

 

Pig

 

Blood, GIT content, 
heart, kidney, liver, 
muscle, & spleen

 

Yes in

 

GIT

 

PCR & 
ELISA

 

(Walsh et al ., 
2011)

 

GM maize 
and 
soybean

 

Bt & 
herbicide

 

tolerant 
genes

 

Pig

 

stomach, duodenum, 
ileum, caecum colon, 
blood, liver, spleen,

 

lung 
& muscle

 

Yes, in 
stomach & 
duodenum

 

PCR

 

(Úwi¹tkiewicz et 
al., 2011)

 

GM maize

 

cry9C

 

Pig

 

Blood, liver &muscle

 

NO

 

PCR & 
ELISA

 

(Yonemochi et 
al., 2010)
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GM canola  

 
 

cp4 epsps  

 
 

Pig  

 
 

GIT content, and GIT 
tissues  
kidney, liver & spleen

 

 
 

Yes, in the 
whole GIT 
content &

 GIT tissues
 

 
 

PCR & 
southern blot  

 
 

(Sharma et al ., 
2006)  

GM maize
 

Cry1A(b)
 

Pig
 

blood, kidney, liver, 
muscle,

 spleen

 

Yes, in 
blood,  
kidney, liver 
& spleen

 

PCR & 
southern blot

 

(Mazza et al ., 
2005)

 

GM maize

 

Bt gene

 

Pig

 

Muscle

 

No

 

PCR

 

(Nemeth et al ., 
2004)

 
GM maize

 

Cry1A

 

Pig

 

blood, GIT plus content,

 
liver, muscle, lymph 
nodes, & spleen

 

NO

 

PCR

 

(Klotz et al ., 
2002)

 GM maize

 

Cry1Ab

 

Pig

 

Muscle

 

No

 

PCR, 
southern blot 
& ELISA

 

(Weber and 
Richert, 2001)

 GM 
soybean

 

Herbicide

 

tolerant 
genes

 

Rabbits

 

Blood, liver, kidney, 
heart, stomach, jejunum, 
muscle & adipose tissue

 

Yes, in 
stomach 
digesta & 
feces

 

qPCR

 

(Morera et al ., 
2016)

 GM 
soybean

 

Herbicide

 

tolerant 
genes

 

Rabbits

 

Blood, liver, kidney, 
heart & muscle 

 

NO

 

PCR

 

(Tudisco et al ., 
2006)

 

GM 
soybean

 

Herbicide

 

tolerant 
genes

 

Fish 
(salmon)

 

GTI

 

NO

 

qPCR/In situ 
hybridization

 

(Sanden et al ., 
2011)

 

GM maize 
& soybean

 

Bt & 
herbicide

 

tolerant 
genes

 

Fish (Zebra)

 

brain, GIT, liver, muscle

 

Yes, in GIT 
& liver

 

qPCR

 

(Sissener et al ., 
2010)

 

GM 
soybean

 

Herbicide

 

tolerant 
genes

 

Fish (trout)

 

Blood, brain, GI tract

 

contents, kidney, liver,

 

muscle & spleen

 

Yes, in the 
whole GI 
tract content,

 

kidney, 
leucocytes,

 

muscle

 

Nested PCR

 

(Chainark et al ., 
2008)

 GM 
soybean

 

Herbicide

 

tolerant 
genes

 

Fish ( trout)

 

Muscle

 

Yes, in 
muscle

 

Nested PCR

 

(Chainark et al ., 
2006)

 

GM maize 
& soybean

 

Bt & 
herbicide

 

tolerant 
genes

 

Fish 
(salmon)

 

Blood, GIT content, 
kidney & liver

 

Yes, in 
blood, GIT 
content, 
kidney 
&liver

 

PCR

 

(Nielsen et al ., 
2005)

 

GM 
soybean

 

Herbicide

 

tolerant gene

 

Fish 
(salmon)

 

brain, GIT content, liver 
& muscle

 

Yes, in mid 
and distal

 

intestinal 
content, 
pyloric 
content & 
stomach

 

PCR

 

(Sanden et al ., 
2004)

 
PCR=Polymerase chain reaction, qPCR=Real-time polymerase chain reaction, ELISA= Enzyme link 
immunosorbent assay
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however, the percentage use of these crop 
was very minimal when compare to those of 
GM maize and soybean. Additionally, more 
than 95% (Tables 1 and 2) of the GM crops 
used in these experimental studies were 
engineered to possess a single or binary 

insect resistant trait, herbicide tolerant trait 
and sometime combination of both traits. 
Only one study was found with GM corn 
expressing a trait other than insect resistant 
or herbicide tolerant trait (Table 2).

Figure 1. Distribution of genetically modified (GM) crops in livestock diet

 
 

From the result of these studies, it was 
noticed that most of the experimental 
studies were conducted in dairy cows and 
pigs and only few studies were conducted in 
farm animals like calves, goats, laying hens 

and rabbits (Fig. 2 A). Furthermore, 
majority of the studies were conducted in 
Europe, with only few studies from 
Argentina, China, Japan, and the USA. 
Within Europe, most of the studies were 
done in Italy and Poland (Fig. 2 B).
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Figure 2. Livestock species distribution and country wise distribution of the reviewed studies

 

The traceability of transgenic DNA and 
proteins in the organs, tissues and products 
of livestock animals is depicted in (Fig. 3 A) 
below. Based on the result obtained from 
this study, it was found that transgenic DNA 
and protein could be detected in the organs, 
tissues or products of the experimental 
animals. Out of 48 studies evaluated, more 
than fifty percent (58.3%) of the 
experimental studies (Tables 1 and 2), 
reported the detection of transgenic 
DNA/proteins either in the tissues, organs 
or products of the experimental animals 
using various molecular detection 
technique depicted in (Fig. 3B). The 
possibility of transgenic DNA/protein 
detection was also evaluated with respect to 
livestock species. Transgene detection 

either the inform of DNA or protein was 
more prevalence in the experimental 
studies when monogastric animals or fish 
were used as the experimental animals 
(Fig.3A).  Although, these transgenes were 
also detected in the tissues, organs and 
products of large and small ruminants, yet 
the detection frequency was less when 
compare with that in non-ruminants and 
fish (Fig.3A).  Thus, overall findings from 
this study indicated that dietary DNA is not 
completely degraded during feed 
processing and digestion and that DNA 
fragments could be detected by PCR or 
variant of PCR such as M-PCR, N-PCR and 
qPCR (Fig. 3B) in a number of organs and 
tissues of livestock animals.

Figure 3. Transgene detection frequency in the analyzed tissues of the experimental animals (A)
and distributions of the molecular method used for the transgene detection (B). 
Note; M_PCR= Multiplex-PCR, N_PCR=Nested-PCR, S. blot = Southern blot, W. blot= Western blot, Int. hybridization=In situ 
hybridization
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Discussion
Currently, the detection and fate of 
transgenic DNA and/or proteins in livestock 
feed and their tissues has been emphasized 
as an essential issue in the ongoing debate 
over the use of transgenic crops in livestock 
feed as well as human food products . 
Livestock and humans are continuously 
exposed to diverse sources of exogenous 
DNA as part of their diet. DNA and proteins 
are constituents of almost all feedstuffs and 
foods. Scientist have reported that both 
human and animals have the historic 
ingestion of DNA and proteins of plant and 
animal origin, without any real evidence of 
related health problems . The DNA consists 
of genetic code and is therefore found in 
almost every cell in plants and animals. In 
addition, DNA in plants and animals is 
commonly comprised of the similar four 
basic units known as nucleotides. As such, 
the digestive fate of dietary sources of DNA 
like the naturally occurring DNA from 
plants, animals, and other organisms and the 
inserted DNA in GM crops are the same . 
Following ingestion, all types of DNA (i.e 
indigenous plant DNA or transgenic DNA) 
is rapidly broken down within the gastro 
intestinal (GI) tract of both animals and 
humans through the action of digestive 
enzymes and microbial activities into small 
fragments and nucleotides . Studies have 
revealed  that, in ruminants ,more than 85% 
of plant DNA consumed is degraded to 
nucleotides within 4 h and absorbed into 
rumen microbes or passed into the 
duodenum . 
This study was conducted to investigate the 
digestive fate of transgenic DNA /protein in 
the digestive tract and other tissues of farm 
animals fed genetically modified feed by 
reviewing scientific publication from 
referee journals. Out of 48 experimental 
studies reviewed, more than 50% of these 
s tudy  conf i rmed tha t  t ransgenic  
DNA/protein is not completely degraded in 

the animal tissues and is easily detectable 
when standard molecular detection methods 
is applied. These experimental studies, 
reported the detection of transgenic 
DNA/protein in a number of analyzed 
samples (e.g. rumen fluid, GTI and GIT 
contents, blood, liver, kidney, heart, Gizzard 
and animal faeces among others) when 
transgenic maize or soybean or both were 
included in the diet of the experimental 
animals. The finding from this study 
revealed that transgenic DNA may undergo 
the similar fate as DNA from conventional 
feed but resistant to mechanical, chemical, 
and enzymatic activities and also to 
microbial processes of the digestive tract of 
livestock since it is not completely 
degraded. This deduction was in accordance 
with previous report, that small plant DNA 
fragments can survive after digestion due to 
their interaction with some dietary 
compound in the upper digestive tract and 
that some could enter the intestinal 
epithelium and be absorbed by the host 
organism . Since the transgenic DNA is not 
different from other sources of DNA in the 
diet, if plant DNA is absorbed, it is very 
likely that transgenic DNA may also be 
absorbed . Studies have also shown that 
intestinal microflora of the small bowel of 
some human ileo-stomists was capable of 
acquiring and harboring DNA sequences 
from transgenic soybean even if gene 
transfer from the bacteria to the mammalian 
cells did not occurred. However in those 
studies, no harmful effects have been 
identified either in the farm animals or 
humans . Contrarily,  other studies indicated 
the evidence of complete degradation of 
free DNA in ruminant and monogastric GIT 
upon its release from partially or completely 
digested feeds . These controversial 
findings, continued to fuel public concerns 
regarding the use of transgenic crops in 
livestock feeding mainly due to the potential 
risk of horizontal transfer of transgenic 
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DNA from a transgenic diet to farm animals 
and derived products intended for human 
consumption. Despite these controversies, 
scientific evidence indicates that the 
potential existence of plant DNA fragments, 
transgenic or not, in animal tissues and 
fluids presents no health risks for animals 
and human. Since the  size of individual 
nucleotides or the sequences of the DNA 
fragments absorbed is so small as compare 
with that of the intact transgenes that they 
are not likely to transfer genetic information 
. And in any case, the chances of transfer and 
functional integration of DNA transgenic or 
not, from ingested feed or food is very rare . 
Moreover, no gene or DNA fragments 
absorbed by vertebrates through intestinal 
mucosa have ever been identified in the 
genome of animals and humans . Also the 
United Nations Food and Agriculture 
Organ iza t i on ,  t he  Wor ld  Hea l th  
Organization, and the US Food and Drug 
Administration have declared that the 
ingestion of DNA from various sources 
including DNA introduced in to the GM 
crops did not indicate any health or safety 
concerns to both human and animals. These 
decisions are based mainly due to the 
previous history of safety related with the 
ingestion of DNA by human and animals . 

Conclusion
Based on this study, it was concluded that 
transgenic DNA may exhibited similar 
s t ab i l i ty  and  pe r s i s t ence  in  the  
gastrointestinal tract of livestock animals. 
Feed-derived foreign DNA fragments are 
not completely degraded and may possibly 
be taken up into organs and tissues of farm 
animals through the GI tract. Nevertheless, 
the potential existence of DNA fragments, 
transgenic or not, in animal tissues and 
fluids presents no health risks for animals 
and human. Transgenic DNA detection in 
livestock is dependent on a number of 
factors, including matrix effects, limit of 

detection (LOD), transgene quantity in the 
feed, feed digestibility, and differences in 
the digestive physiology among livestock. 
Overall, the finding of our study provide 
some information on the digestive fate of 
feed transgenic DNA in farm animals, given 
that the persistence of DNA after dietary 
exposure is one of the important aspect of 
risk assessment for genetically modified 
foodstuffs.
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