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Abstract

This study was conducted to compare chemical composition and nutritive value of 

conventional and transgenic (Roundup Ready) maize. Chemical methods were used for 

nutrient content determinations. Effective degradability and its characteristics  were 

determined by in sacco method, and intestinal digestibility by mobile bag method. Crude 

protein content in conventional maize was 97.3 g.kg-1 DM, and 96.6 g.kg-1 DM in 

transgenic maize. Effective degradability of organic matter reached up to 59.9 and 62.3 %, 

and ileal digestibility of crude protein non-degradable in rumen was 92.9 for modified and 

96.1 % for conventional form of maize. Our results suggest that chemical composition and 

nutritive value of RR maize is equivalent to its isogenic form. 

Second object was to analyse foreign DNA present in experimental feed mixture that 

contained genetically modified Roundup Ready maize. The presence of cp4 epsps fragment 

from transgenic maize and zein gene fragment was analysed by PCR method. We used the 

amplified fragment of glyceraldehyde 3-phosphate dehydrogenase from rat’s genome as 

control. Samples analysis  showed individual variability of studied fragments presence of 

transgenic maize and α-zein gene fragments in individual animal organs  and among 

animals. It was demonstrated that presence or absence of studied DNA fragments (cp4 

epsps and zein gene fragments) in organs of animal fed RR maize does not depend on 

content of genetically modified maize in feed mixture for experimental animals.
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Introduction

With growing number of world population decrease food resources per inhabitant, 

bringing about uncertainty as far as sufficient nutrition is concerned. GM plants of 

first or second generation become one of possible solution. 

RR maize (with introduced gene of glyphosate resistance) is included to the first 

generation of GM plants that is characteristic by simple input of a specific trait 

(increased resistance to pests, tolerance of herbicides). Therefore there is no  

hypothesis of nutrient composition or nutrient digestibility change that belong 

together with agronomic traits of plant to basic parameters for substantial 

equivalence assessment (that is also without significant change). This was 

confirmed by many previous experiments (Flachowsky et al., 2005).
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Introduction of recombinant DNA technologies and foreign genes incorporation 

into economically important plants genome gives cause for increased interest in 

safety of plants, modified in this way, in food chains of animals and humans. 

DNA degradation from feed in the digestive tract of animals is not complete and 

therefore it cannot be negated that fragments of genes come into intestines 

epithelium  and the host organism  absorbs them. Daily intake of DNA represents 

in humans 0.1-1g, in pigs 0.5-4 g and in dairy cows 40-60 g (Phipps and Beever, 

2000). It is necessary to add to the DNA amount received from diet similar DNA 

amounts coming from digestive tract microbial colonization. Therefore people as 

well as animals must cope with foreign DNA for million of years already.

DNA from feed is rapidly and effectively broken down after ingestion in the 

digestive tract by gastric acid and various nucleases. However, some DNA 

fragments of plant origin were found in mice gastro-intestinal tract (Schubbert et al., 

1997), in organs and tissues of monogasters (Reuter and Aulrich, 2003). It was not 

possible to identify plant origin DNA in hens (Tony et al., 2003).

The objective of this work was to determine and compare nutritive value of 

transgenic and conventional maize by chemical and biological methods, to study 

the DNA fate, to detect fragments of foreign DNA in selected organs, various parts 

of digestive tract, its content and in excrements of rats. Potential presence of 

foreign DNA in experimental animal organs was detected by polymerase chain 

reaction method (PCR). As source of foreign DNA was used transgenic maize 

NK603 Roundup Ready of MONSANTO that contains two express cassettes of 

gene that codes enzyme tolerant to glyphosate, 5-enolpyruvylshikimate-3-

phosphate synthase isolated from Agrobacterium sp. strain cp4 (cp4 epsps) (fig.1).

Fig 1. Scheme of express cassettes cp4 epsps contained in maize NK603 (Deng et al., 

1999)

Transgenic maize NK603 contains two cp4 epsps express cassettes with regulatory 

sequences (fig. 1). Sequence cp4 epsps was obtained from Agrobacterium sp. strain 

cp4 (Padgette et al., 1996). Gene used for transformation was partly modified but it 

has 99.4 % homology of nucleotide sequence and greater than 99.7 % homology of 

amino acid sequence of native Agrobacterium cp4 gene.
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Material and Methods

The presence of individual nutrients in both forms of maize was assessed by 

chemical analyses (Chrenkova et al., 2002). Rumen degradability was determined by 

in sacco method (Harazim et al., 1999). Small mobile bags method, detailed by 

Chrenkova et al. (2000), was used to determine intestinal digestibility of non-

degraded crude protein from maize. Biological methods using rats (Chrenkova et al., 

2002) were used to estimate digestibility of crude protein, biological value of 

proteins (BVP), net protein utilization (NPU), utilizable protein (UP), protein 

efficiency ration (PER) and feed consumption per 1 g gain.

Experimental animals

Experiments were conducted with 56 laboratory rats (males) of isogenic line of 

Wistar species from UEF SAS Dobra Voda. The animals were placed individually 

in balance cages with controlled light regime and constant temperature. After 

adaptation to the experimental conditions rats were fed defined diet with a maize 

for at libitum intake, once daily. There was also a control of feed intake during the 

whole experimental period.

Animals were divided into five groups according to time when feeding stopped.

Feed mixture

Experiments were carried out on conventional (Zea mays L.) and genetically 

modified Roundup Ready maize (NK603) of the same company (MONSANTO, 

USA).

The tested transgenic and isogenic line of maize created 94 % content of feed 

mixtures and it represented the only resource of N in diets (Tab. 2) (Chrenkova et al., 

2002).

Animals were sacrificed with ether. Immediately the samples of blood, tissues and 

intestinal content were taken. Samples were frozen and stored at –80
o

C until the 

isolation of DNA.

Arrangement of the experiment

First group consisted of 30 animals fed RR-maize in the feed mixture. The control 

group consisted of 6 animals fed diet including isogenic maize. Rats were stopped 

to feed after seven days of feeding and in given time intervals (0h, 2h, 4h, 8h, 12h 

and 24 h) the animals were slaughtered. Samples of blood, tissues and intestinal 

content were collected to isolate DNA.

5 animals fed modified maize were placed into second and third group in each. 

One animal in each group was used as control. In the second group after 14 days of 

feeding and in third group after 21 days of feeding we collected the samples 

likewise in the first group.
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In fourth and fifth group there were studied by 4 animals fed the experimental diet 

containing RR maize. After 14 days feeding the diet, this one, was replaced by 

mixture containing different N source (pea) and animals were slaughtered after 48 

hours (group 4) and after 72 hours (group 5), and tissue samples were collected to 

isolate DNA. DNA was analysed in the samples of blood, kidney, liver, spleen, 

thymus, thigh muscle, heart, duodenum, jejunum, ileum, caecum and large 

intestine from experimental animals in groups 1, 2 and 3 . In groups 4 and 5, DNA 

was analysed only in blood, kidney, liver, spleen, thymus and thigh muscle 

samples.

Scheme 1. Arrangement scheme of the experiment

Group 1st 2nd 3th 4th 5th

Tested animals 30 5 5 4 4

Control animals 6 1 1 0 0

Feeding stopped after 7 days 14 days 21 days 14 days 14 days

Slaughtering after 0,2,4,8,12,24 h 0 h 0 h 48 h
x

72 h
x

x 

 pea diet

Isolation of DNA

DNA was isolated from isogenous and transgenic maize using the method of 

Junghans and Metzlaff, 1990. 

DNA from blood and tissues was isolated by digestion with proteinase K, salting 

out of proteins, and DNA precipitation by isopropanol (Miller et al., 1988).

DNA from intestine contents and excrements  was isolated by QIAamp DNA Stool 

Mini Kit (QIAGEN, Hilden, Germany) according to the instructions of 

manufacturer.

Isolated DNA was dissolved in solution 10 mM Tris-HCl. pH 8.5. 

200 ng DNA was used for PCR.

Polymerase chain reaction

PCR method was used to study cp4 epsps fragment presence from transgenic 

maize, zein gene fragment and amplified fragment of glyceraldehyde-3´ phosphate 

dehydrogenase (G3PDH, GAPDH) from rat genome was used as a control. 

PCR was carried out in reaction mixture, volume 25 µl, in thermocycler PTC-150 

(MJ Research). Reaction mixture contained 1 x reaction solution, 1.5 mM MgCl2, 0.4 

pmol/µl of each primer, 0.2 mM of each dNTP, 1 µg/µl BSA (Promega), 1.5 U 

Platinum Taq DNA polymerase (Invitrogen) and 200 ng template DNA. The 

negative control was included (without content of template DNA) in each analysed 

set of samples.

PCR conditions for amplification of cp4 epsps fragment were: first denaturation 

step 94
o

C 2 min., then 40 cycles 94
o

C 20 s, 68
o

C 40 s, last step 72
o

C 10 min; for 

amplification of zein fragment: first denaturation step 94
o

C 2 min, then 40 cycles 
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94
o

C 20 s, 64
o

C 30 s, 72
o

C 30 s, last step 72
o

C 10 min, and for amplification of 

G3PDH (GAPDH) fragment: first denaturation step 94
o

C 2 min, then 35 cycles 94
o

C 

20 s, 64
o

C 30 s, 72
o

C 30 s, last step 72
o

C 10 min.

Sequences of used primers and expected size of PCR product are presented in 

Table 1.

Table 1. Primers used at PCR analysis

Name Sequence 5'-3'

Annealing

temperature

PCR 

product

Reference

Cp4epsps F GCGTCGCCGATGAAGGTGCTGTC

Cp4epsps R CGGTCCTTCATGTTCGGCGGTCTC

68ºC 272 bp Jennings et 

al., 2003

ZEIN23F CAAGCCTACATGCTACAACAAGC

ZEIN22R CTACGTTTGCCAGAGCAAGTGG

64ºC 220 bp GenBank Acc.No.

V01474

R2_G3PDHF TGAACGGATTTGGCCGCATTG

R2_G3PDHR ATGCCGAAGTGGTCGTGGATG

64ºC 487 bp GenBank Acc.No.

M17701

Agarose electrophoresis

PCR products were analysed on 3% agarose gel containing ethidium bromide, in 

solution 1 x TAE at 130 V 45 min.

Table 2. Composition of feed mixtures (% dry matter)

Component Conventional maize Transgenic maize  

Maize 94,1 93,8

Oil 3,7 3,8

Mineral mixture 1,3 1,4

Vitamin mixture 0,9 0,9

Results and Discussion

It can be concluded that chemical composition of genetically modified and 

conventional maize do not differ. Substantial equivalence of both varieties is given. 

We noticed only slight differences among basic nutrients. Starch content was high 

in both maize varieties  (729 g.kg
-1

 DM and 736 g.kg
-1

 DM). Content of fat reached 

40 g.kg
-1

 DM, and crude protein 97 g.kg
-1

, proportion of fibre was lower (17 and 15 

g.kg
-1

 DM).  No marked differences were observed in amount of metabolizable 

energy either (16.5 and 16.8 MJ.kg
-1

 DM). Content of mineral elements, mainly Ca, 

was low.

Studies that compare substantial equivalence between conventional and transgenic 

plants are aimed mainly at soybean (Taylor et al., 1999). Some studies compared 

also conventional and Bt maize (Flachowsky and Aulrich, 2001a, b, Aulrich et al. 2001), 

or sugar beet (Böhme et al., 2001). In none of the presented experiments were 

observed statistically significant differences between modified and conventional 

crops.
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Amino acid composition was measured also. Low values were obtained with two 

essential amino acids – lysine and tryptophan (0.26 and 0.17 % in dry matter). Non-

significant differences were noticed in content of amino acids between the 

modified and conventional form that were confirmed by Padgette et al. (1996) and 

Aulrich et al. (2001).

Content of fatty acids is similar and corresponds with results of Aulrich et al. (2001). 

In published literature were not observed differences between transgenic and 

isogenic maize either.

Effective degradability of organic matter (Tab. 3) reached values 59.9 % and 62.3 % 

at expected passage rate 0.06.h
-1

 and intestinal digestibility of crude protein non-

degradable in rumen 92.9 % and 96.1 % for modified and conventional form of 

maize. The results document that changes, which increase tolerance of plants to 

pesticides, have no significant influence on chemical composition, effective 

degradability or intestinal digestibility of nutrients.

Biological experiments performed on rats proved no statistically significant 

differences between animals fed the mixture of isogenic and transgenic maize. 

High nitrogen digestibility was observed (84.9 % and 84.5 %) in both hybrids, and 

differences between PER values were not significant  (1.51 and 1.41). BPV, NPU 

and UP values were also almost identical (Tab. 4). Similarly, other authors ( 

Flachowsky and Aulrich, 2001a,b) did not observe any significant changes in balance 

experiments with other animal species.

PCR method was used to study cp4 epsps fragment presence of transgenic maize, 

zein gene fragment, and amplified fragment of glyceraldehyde-3´-phosphate 

dehydrogenase (G3PDH, GAPDH) from a rat genome was used as control.

DNA suitable for PCR of all samples was isolated, without presence of inhibitors 

Taq DNA polymerase. It was confirmed by successful amplification of GAPDH 

fragment of size 487 bp from rat genome. 

Zein fragments of 220 bp and cp4 epsps of 272 bp were detected in all 

intestinal tissue and content   samples in groups 1 to 3.

PCR analysis results for presence of cp4 epsps gene and α-zein gene fragments are 

summarized in Table 5.

The α-zein gene fragment was detected in blood of 30 animals in group1 and 

fragment cp4 epsps gene in 17 animals. Besides blood was the highest occurrence 

of detected fragments in liver, kidney and spleen. These organs are very well 

bloodshot and presence of studied genes fragments corresponds with the presence 

of fragment in blood. On the contrary, the presence of cp4 epsps gene and α-zein 

gene fragments in heart was noticed only at one animal. However, in this group 

were two animals in which were not find fragments of cp4 epsps gene or α-zein 

gene in any of the analysed organs or blood.
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In group 2 fed RR maize for 14 days there were detected, similarly to group 1, 

some of the studied fragments but α-zein gene fragment was not find in heart of 

any animal of this group. 

In animals fed RR maize for 21 days (group 3) there were detected all the studied 

gene fragments, similarly to first two groups, the presence of fragments in studied 

organs was variable also. 

In group 4 (48 hours after stop feeding) was found cp4 epsps gene fragment as well 

as α-zein gene fragment in blood of two animals. None of the studied fragments 

were found in liver, muscle or thymus. The α-zein gene fragment was detected 

several times in this group. Any fragment of cp4 epsps gene was not found in 

kidney either.

In group 5 (72 hours after stop of RR maize feeding) cp4 epsps gene fragments 

were found in blood of one animal. The fragment of α-zein gene was found in 

blood samples of two animals. Any studied gene fragments were not found in 

heart and muscle of any animal in this group.

Table 3. Degradability characteristics, effective degradability of organic matter and 

ileal digestibility in rumen nondegradable crude protein

Feed a (%) b (%) c(%/h) ED (%) Ileal digest.

Maize DK 537 RR 23.5 76.5 0.054 59.9 92.9

Maize DK 537 28.6 71.4 0.052 62.3 96.1

k=0,06.h
-1

Table 4.  Results of testing isogenic and transgenic maize in experiments on rats (n = 

10)

Non-transgenic 

maize

Transgenic maize

Weight gain in g 35.5 ± 4.93 34.22 ± 2.39

Feed consumption per 1 g in g 8.13 ± 1.36 8.24 ± 0.94

PER 1.51 ± 0.15 1.41 ± 0.14

BPV                                              % 74.06 ± 3.96 75.11 ± 5.53

Digestibility of crude protein % 84.92 ± 1.94 84.50 ± 1.82

NPU                                             % 63.53 ± 4.44 63.24 ± 4.97

UP                                                % 12.88 ± 0.09 12.82 ± 1.01

% of retained N from N received 42.46 ± 4.10 42.26 ± 5.07

% of retained N from N digested 50.32 ± 4.40 50.68 ± 6.12

All differences are not significant (P>0.05)

Table 5. PCR analysis results for presence of studied genes fragments in selected 

organs in %

Organ blood kidney liver heart muscle thymus spleen

Group 1E 2Z E Z E Z E Z E Z E Z E Z

1 56.7 80 13.3 26.7 26.7 40 3.3 3.3 3.3 6.7 8 4 16.7 23.3

2 40 80 40 40 20 20 20 0 20 20 20 20 20 20
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3 60 60 20 20 20 0 20 20 20 0 20 0 20 20

4 50 75 0 25 0 0 25 25 0 0 0 0 25 25

5 25 50 25 25 25 0 0 0 0 0 25 0 25 25

1

E - cp4 epsps, 
2

Z - -zein

Studied gene fragments were not detected in all analysed organs of experimental 

animals.

An individual variability of studied cp4 epsps fragments from transgenic maize 

and α-zein gene fragments presence was determined analysing samples in 

individual animal organs   as well as among the animals. Results show that 

presence or absence of studied DNA fragments in animal organs   fed RR maize 

does not depend on content of genetically modified maize in feed mixture.

Daily dose of transgenic maize received by the animal in diet is very small and so 

the amount of totally received DNA changes only slightly. Beever and Kemp (2000)

calculated that a dairy cow of 600 kg weight, fed mixture of transgenic maize 

containing Cry protein (size of insert 4000 bp) isolated from Bacillus thuringiensis

(Bt maize) with 60 % content of Bt maize in feed mixture consumes approximately 

600 mg of total plant DNA daily, the amount of transgenic DNA being less than 3 

µg. Using the same calculation for NK603 maize with size of insert 6706 bp is the 

amount of consumed transgenic DNA 3.86 µg.

With 94 % content of RR maize (NK603) in feed mixture and consumption of 12 g 

feed daily is the dose of transgenic DNA consumed by rats 3 ng/day.

DNA from genetically modified organisms is an equivalent of DNA from 

organisms that were always a part of human food or feed for animals. Any risk 

connected with consumption of DNA remains irrespective of DNA origin, as 

organism digests all DNA from feed in the same way. Fragmentation of DNA 

during processing of food (feeds) and passage through gastro-intestinal tract 

decreases the probability that intact genes able to code foreign proteins could be 

transferred to intestinal microflora. Probability of transfer and functional 

integration into intestinal microflora or into human (animal) cells is also minimal 

(Jonas et al., 2001). Three studies are dealing with the same problem (Klotz and 

Einspanier, 1998; Khumnirdpetch et al., 2001). The authors monitored the presence of 

cp4 epsps fragments in coding sphere of Roundup ready (RR) soybean. However, 

these fragments were detected neither in blood nor in milk of dairy cows or in 

various samples of broiler hens fed RR soybean. As opposed to these studies, 

although with variability, we detected the presence of cp4 epsps fragments and α-

zein gene in organs of rats fed RR maize.

Conclusions

The results of this study demonstrated that genetically modified maize (RR) has 

chemical composition and nutritive value comparable to its conventional form. 
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There were only slight differences among individual components; however, they 

are not statistically significant and are in correspondence with other studies.

RR maize at proportion of 94% in the diet had no influence on feed consumption, 

behaviour or state of health in experimental animals.

Other subject of study was the determination of potential presence of foreign genes 

fragments in intestinal tract and selected organs of rats fed Roundup ready (RR) 

maize. Our results confirm presence of foreign gene fragments but there is only 

little probability of occurrence of a functional, intact foreign gene in organs of 

animals fed RR maize.
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