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Introduction

The development and use of genetically modi-
fied (GM) crop biotechnology is considered an im-
portant tool to meet the feed requirements of live-
stock and the food demand of the human population 
(Sung et al., 2006), which will globally increase 
from the current 7 to 9 billion people in 2050. The 
demand for meat and milk will nearly double during 

this time, as described in a review by Flachowsky  
et al. (2013). 

Genetically engineered crop plants can help elim-
inate the application of agricultural chemicals against 
different plant diseases. These crops have been ge-
netically modified for a range of different traits, but 
herbicide tolerance and insect protection are the two 
most common traits, and maize and soyabeans are the 
most widely grown genetically modified crops.

ABSTRACT. The experiment was performed to determine whether transgenic 
maize containing the Bt gene (MON 810) and soyabean meal produced from 
glyphosate-tolerant plants (Roundup Ready, MON 40-3-2) compared with non-
transgenic plants can affect the performance parameters, milk composition, 
blood serum metabolite profiles and transfer of tDNA into milk of cows. The 
experiment was carried out from the third week before parturition to the 305th 
day of lactation on 40 Polish Holstein-Friesian cows, which were allotted to  
4 groups of 10 animals according to body weight, milk yield and parity. The 
cows in all groups were fed a total mixed ration (TMR) formulated according 
to IZ-INRA (2009). The concentrate mixtures added to TMR contained: non-
modified (traditional) maize and soyabean meal (group TMG/TS); traditional 
maize and genetically modified (GM) soyabean meal (group TMG/MS); GM 
maize and traditional soyabean meal (group MMG/TS); or GM maize and GM 
soyabean meal (group MMG/MS). There were no significant differences be-
tween transgenic and non-transgenic feeds in productivity, milk composition 
and blood metabolite profiles such as: β-hydroxybutyric acid (BHBA), free fatty 
acids (FFA), glucose, insulin and progesterone. The transgenic DNA sequenc-
es of MON 810 and RR soyabean meal were not detectable by PCR in milk.
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Over the last years the cultivated area of GM 
plants has rapidly increased around the world. In 
2014, 181.5 million hectares of transgenic crops were 
grown globally, at an annual growth rate of 3% from 
175.2 million hectares in 2013 (ISAAA, 2015). 

In compound feeds for domestic animals, food 
production, and human nutrition, maize grain and 
soyabean meal are the most common and it is primar-
ily these feeds that have been genetically modified.

The transgenic maize (MON 810) grown in 
Europe was modified by the integration of the  
cry1Ab gene (isolated from Bacillus thuringensis, 
Bt), which encodes the insecticide Bt crystal pro-
tein, Cry1Ab, that kills corn borer larvae, a major 
pest of maize in Europe. 

The modified soyabean meal available on the 
Polish feed market is imported and derived from 
Roundup Ready (RR) genetically modified plants, 
which are produced by incorporating the epsps gene 
obtained from Agrobacterium sp. (strain CP4); in 
plants it expresses the enzyme 5-enolpyruvylshiki-
mate-3-phosphate synthase, which assures resist-
ance to the glyphosate herbicide, Roundup.

Genetically modified plants, as well as feeds and 
foods derived from them, have to undergo a risk as-
sessment for animal and human health because of the 
possibility of horizontal gene transfer to feeds and 
animals producing food. At present in Poland there is 
an ongoing discussion whether to legally allow com-
mercial GM crops (Lisowska and Cortez, 2013).

Cow’s milk is one of the important foods in hu-
man nutrition due to its nutritional value and use as 
a raw material in processing into milk products. 

There are few studies in Poland comparing the 
potential effects of Bt maize and glyphosate-tolerant 
(Roundup Ready) soyabean meal on productivity, 
milk composition and transfer of transgenic DNA 
into milk of cows. 

Up to now most experiments with livestock 
were conducted to determine if fragments of trans-
genic DNA or their encoded protein were present in 
the digestive tract of livestock and in foods such as 
milk, meat and eggs (Flachowsky et al., 2012). 

Studies on the detection of DNA in food prod-
ucts derived from animals receiving GM varieties 
modified for a single trait showed that GM crops 
can be considered equally safe for human health as 
those derived from animals fed conventional feeds 
(Flachowsky et al., 2005; Phipps et al., 2006; Eins-
panier, 2013). No significant differences were found 
in feed intake and milk production of crossbred 
dairy cows and the proteins encoded by 2 transgenes 
were not transferred to blood and milk in an experi-
ment by Singhal et al. (2006). A study on Holstein 

dairy cows in a single reversal design indicated that 
silage modified with 2 transgenes (herbicide toler-
ance and insect resistance) also did not affect ani-
mal performance or milk composition, and no trans-
genic DNA or Cry1Ab protein was detected in milk  
(Calsamiglia et al., 2007).

On the other hand, a study with goats showed 
that small DNA fragments can be detected not only 
in milk, but also in kid organs when mothers were 
fed GM soyabeans; it also revealed elevated levels 
of lactic dehydrogenase (LDH) in tissues, suggest-
ing an increase in cell metabolism (Tudisco et al., 
2010). 

The long-term feeding trials on Simmental cows 
described by Guertler at al. (2010) showed that no 
recombinant DNA or Cry1Ab protein was detect-
ed in milk, blood and urine, whereas the Cry1Ab 
protein that could be found in the faeces and milk 
of cows fed genetically modified maize grain for  
25 months should be classified as not different from 
the milk of cows fed non-transgenic maize. The lat-
er studies of Guertler at al. (2012) found that GM 
maize (MON810) compared with near-isogenic feed 
has no effect on major genes involved in apoptosis, 
inflammation and cell cycle in the gastrointestinal 
tract and in the liver of dairy cows.

There were no consistent effects of feeding 
maize grain MON810 or its isogenic line on milk 
yield and composition or body condition. A long-
term study demonstrated the compositional and nu-
tritional equivalence of MON810 and its isogenic 
counterpart line (Steinke et al., 2010).

In respect to plasma metabolic parameters of 
Simmental cows fed iso- and transgenic feeds in the 
first period of lactation, no clear differences were 
found in the concentration of most metabolites 
(Steinke at al., 2009).

The results of most transgenic feed experiments 
cited above were favourable but not always conclu-
sive. For this reason, they were difficult to legislate 
and commercialize in some countries (including  
Poland) due to concerns over the health safety of 
feeds and foods for animals and humans. 

Thus the experiment on Polish Holstein-Friesian 
cows under Polish feeding conditions was carried 
out.

The aim of the study was to evaluate the effect 
of transgenic maize grain (MON810) containing the 
Bt gene, genetically modified to protect itself against 
the European corn borer and soyabean meal pro-
duced from glyphosate-tolerant (Roundup Ready, 
MON 40-3-2) plants on productivity and milk com-
position, serum metabolite profiles and transfer of 
tDNA into milk.
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Material and methods

Tested feeds
The genetically modified maize grain (MMG) 

and modified soyabean meal (MS) were compared 
with non-modified feeds, here called traditional 
(TMG and TS). The TMG and MMG was produced 
in Poland under similar conditions. The TS and MS  
was imported from Brazil by the company Agsol, 
Poland. The GM maize grain was obtained from 
plants containing the Bt gene and expressing the 
Cry1Ab protein (Yield Gard, MON810), genetically 
modified for protection against the European corn 
borer (Ostrinia numbilatis). The tested soyabean 
meal was produced from glyphosate-tolerant plants 
(Roundup Ready, MON-40-3-2). The non-modi-
fied, isogenic parental line of maize grain (DKC 
3420) and non-modified commercial soyabean meal 
served as control feeds.

Experimental design and animal feeding 
The experiment was carried out on 40 Polish 

Holstein-Friesian cows arranged into 4 groups of  
10 animals according to an analogue method based 
on parity (from 1 to 3), maximum milk yield of pri-
miparous cows at the peak of lactation and of mul-
tiparous cows in the previous lactation and body 
weight (BW) three or four weeks before calving 
(mean: 604 kg, range 477 to 692 kg). The experi-
ment was carried out until 305 days of lactation. The 
Local Kraków Ethics Committee for Experiments 
with Animals approved all of the experimental pro-
cedures relating to the use of live animals. 

The cows were kept in a loose barn. Three or 
four weeks before predicted parturition the cows 
were moved to a calving pen where they stayed for 
5 to 7 days after calving. 

During lactation all of the cows were fed a to-
tal mixed ration (TMR), but before parturition (ap-
proximately the last 3 weeks), the TMR offered 
during lactation was diluted with 50% straw barley 
chaff (length about 6 cm). The composition of TMR 
(Table 1), the concentrate mixtures added to TMR 
(Table 2) and their feed value were calculated ac-
cording to the IZ PIB-INRA (2009) recommenda-
tions, using INRAtion-PrévAlim version 3× (2005) 
software basing on our own chemical analysis. 

The concentrate mixtures added to the TMR 
contained: non-modified, traditional maize grain 
and soyabean meal (group TMG/TS), traditional 
maize grain and modified soyabean meal (group 
TMG/MS), modified maize grain and traditional  
soyabean meal (group MMG/TS), or modified maize 
grain and soyabean meal (group MMG/MS).

The cows were fed in groups and the TMR ration 
was given according to the average daily milk yield 
of the cows in the feeding group. Rations were for-
mulated taking into account the average body weight 
of the cows in each group about six months before 
calving and assuming that after calving the maximum 
milk production at the peak of lactation should reach 
35 kg per day.  When the mean milk yields of cows in 
groups decreased to 28 kg per day and then to 18 kg 
per day, the daily rations of TMR were changed. The 
TMR was formulated using a fodder wagon (10 m3) 
and the physical form of TMR was checked by Pen 
State Particle Separator (PSPS) screens. The refusals 
from each feeding group were weighed for groups 
during lactation on one day every two weeks before 
the morning feeding.

In addition, effective rumen degradability (ERD) 
of dry matter (ERDDM) and crude protein (ERDCP) 
in the traditional (non-modified) and genetically 
modified maize grain (MON810) and RR soyabean 
meal were determined on three permanently fistu-
lated dry cows with a mean body weight of 680 kg 
employing the in sacco method according to Polish 
standards (Kowalski et al., 2008). The samples were 

Table 2. Composition of concentrates, as fed, %

Item
Concentrates for groups
TMG/TS TMG/MS MMG/TS MMG/MS

Maize MON810, ground   –   – 51.5 51.5
Traditional maize, ground 51.5 51.5    –   –
RR soyabean meal   – 25.0   – 25.0
Traditional soyabean meal 25.0   – 25.0   –
Barley, ground 10.0 10.0 10.0 10.0
Triticale, ground bran   5.0   5.0   5.0   5.0
Wheat, ground bran   5.0   5.0   5.0   5.0
Limestone   1.0   1.0   1.0   1.0
Premix Blatin –TMR Mix  
    (BASF) 1

  2.5   2.5   2.5   2.5

TMG/TS – non-modified, traditional maize grain and traditional soya-
bean meal, TMG/MS – traditional maize grain and modified soyabean 
meal, MMG/TS – modified maize grain and traditional  soyabean meal,  
MMG/MS – modified maize grain and soyabean meal; RR – Roundup 
Ready; 1 93.1% DM; g · kg–1: P 30.0, Ca 180.0, Mg 100.0, Na 80.0;  
mg · kg–1 DM: Cu 1200, Zn 8700, Mn 4040, Co 17.0, Se 40.0, I 83.0;  
IU · kg–1 DM: vit. A 1000000, vit. D 80000, vit. E 2500

Table 1. Total mixed ratio (TMR) composition for all groups (% in dry 
matter (DM)) (depending on the group, the concentrates added to 
TMR consisted of: transgenic or/and non-transgenic maize grain and 
transgenic or/and non-transgenic soyabean meal)

Feeds %
Concentrate mixture 35.0
Grass silage   7.0
Maize silage 45.0
Lucerne-grass silage   6.0
Beet pulp silage   6.0
Rapeseed cake (9.6% fat in DM)   1.0
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incubated for 2, 4, 8, 16, 24 and 48 h after feeding. 
The basic daily ration for fistulated cows consisted 
of, kg: meadow hay 6 and concentrate mixture 2.56,  
containing, %: barley 44, wheat bran 40, soyabean 
meal 12, vitamin-mineral premix 3 and ground lime-
stone 1. The ration was formulated to meet mainte-
nance requirements (about 0.5 kg milk per day) and 
three weeks before incubation of feed samples the 
basic ration for cows was offered. 

Sampling
Samples of each feed were taken three times for 

analysis. Representative samples of refusals were 
analysed three times from three days: days 33, 47, 
61; days 75, 89, 100; and days 150, 200, 250. 

The curves of changes in the body weight of 
the cows in lactation were developed taking into 
account the measurements on days: from 5–7 af-
ter calving, every two weeks thereafter and from  
100 days lactation. 

Milk yield was estimated daily using Milk Mas-
ter equipment. Milk composition was determined 
in representative daily samples collected from each 
cow every two weeks throughout lactation, starting 
from ±10 days after calving. The samples were re-
frigerated at 4°C for no longer than 2 weeks.

On days 120, 150 and 220 after calving, a total 
of 72 milk samples were collected from 6 cows from 
each group and analysed for suspected presence or 
absence of the transgenic DNA of genetically modi-
fied RR soyabean and Bt maize (MON 810). The 
collected milk samples were frozen at –20°C and 
stored until DNA analysis.

Starting from the first week after calving to  
4 weeks of lactation, blood samples were taken on 
days 7, 10, 17 and 24 from the jugular vein about  
4 h after the morning feeding and blood serum was 
preserved at –20°C until analysis. 

Analysis 
The chemical composition of feeds and rep-

resentative samples of refusals were analysed ac-
cording to AOAC (2005) methods. The volatile 
fatty acids (VFA) in silages (protein requirement 
and energy value calculated) were analysed by gas 
chromatography using a Varian 3400 apparatus and 
8200CX autosampler, and a CP-Wax 58 capillary 
column (25 m × 53 mm × 1 mm). The initial furnace 
temperature of the column (80°C) was increased by 
7°C · min–1 until 270°C. The injection temperature 
was 200°C and the detector temperature, 260°C. 
Helium was used as the carrier gas at a flow of  
6 ml · min–1. One millilitre of water extract from 
the silages was applied to the column. Silage pH 

was determined with the Auto Kjeldahl Unit K-370 
(Bischi) using the pH determination function. Lac-
tic acid was determined by high performance liquid 
chromatography (HPLC) after separation of water 
permeates with 24% met-phosphoric acid using  
a Lichrocart Superspher RP 18 250 cm column, UV 
detector at 210 nm, fluent (1 µl H2O + 100 µl H2SO4, 
1 ml ·  min–1), and injection 20 µl.

The milk composition was determined using 
a Milko-Scan FT 120 (Foss Electric, Denmark). 

Free fatty acids (FFA) in blood serum were 
determined colorimetrically using acyl-CoA syn-
thetase, oxidase, and peroxidase (WAKO Rea-
gents). D-3 hydroxybutyric acid (BHBA) was 
determined by a kinetic enzymatic reaction using 
a  Cobas-Bio analyser (Roche) and a high-sensi-
tivity reagent kit (RANDOX). Glucose was deter-
mined using a VITROS 950 analyser (Ortho-Clin-
ical Diagnostic; Test Methodology Manual. 1997). 
Progesterone was determined by a radioimmunol-
ogy reaction (BioSource INS-IRMA Kit and Bio-
Source PROG-RIA-CT Kits).

Polymerase chain reactions (PCR) were per-
formed according to JRC (Joint Research Centre) 
GMO methods (“GMO METHODS: The European 
Union Database of Reference Methods for GMO 
Analysis”; gmo-crl.jrc.ec.europa.eu/gmomethods). 
The list of the primers used in the study, together 
with information relating to their base sequences  
(5’– 3’), target element and amplicon size, is given 
in Table 3.

PCR analysis was performed to determine the 
presence of transgenic DNA of GM soyabean meal 
and GM maize grain in concentrates and milk. DNA 
was extracted from concentrate and milk samples us-
ing CTAB methods (PN-EN ISO/IEC 21571:2007). 

When effective rumen degradability was deter-
mined, the presence of transgenic DNA from GM 
feeds in samples after each hour of incubation was 
also estimated by PCR. 

PCR analysis was also used to assess transfer of 
transgenic DNA of GM maize and soyabean meal 
into the rumen population of microorganisms. The 
rumen digesta were collected from 3 ruminally 
fistulated cows twice at a one-month interval, 6 h 
after feeding. Cows were fed for two weeks in the 
same manner as during the in sacco determination 
of ERD. DNA from each sample was isolated im-
mediately after collection using a “Plasmid Mini” 
kit (A & A Biotechnology cat. 020-250) to isolate 
plasmid DNA specific only for microorganisms and 
frozen at –20°C.

The results were subjected to one-way analysis 
of variance using the GLM procedure of SAS (2001).  
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The differences between treatments were then esti-
mated using the LSM – least square mean method. 
P < 0.05 was considered significant.

The curves showing changes in daily milk 
yield in subsequent days of lactation, depending on 
treatments, were calculated using Quick Statistica 
(1992), according to the equation:

Y = a log x + bx + c  
where: Y and x – mean daily yield and lactation day, 
respectively.

Results
Tested feed 

The composition and nutritional value of Bt 
maize and RR soyabean meal compared with com-
mercial, isogenic traditional lines did not differ from 
the standard range and the feed value of the four 

concentrates added to TMR contained, on average, 
similar levels of protein and energy (Table 4). 

Nutritive value of TMR for all groups was simi-
lar and levels of protein and energy (per kg DM) 
averaged: 167.5 ± 8.5 g CP, 99.5 ± 2.0 g PDIN,  
91 ± 2.5 g PDIE and 0.96 ± 0.01 UFL (Table 5). 

Dry matter and protein digestibility  
in the rumen

The average effective degraded dry matter in the 
rumen (ERDDM) was similar (Table 6) for genetically 
modified and non-modified maize grain, but effec-
tive degraded crude protein (ERDCP) of genetically 
modified maize grain was somewhat higher than for 
TMG. ERDDM and ERDCP of GM soyabean meal were 
slightly greater compared with traditional feed.

During 48 h of incubation (for each hour) we 
did not find any statistically significant differences  
(P > 0.05) between percentage values (Figure 1) of  
 

Table 3. Primers used in the study for the detection of maize and soyabean genes 

Primer Sequence 5’ – 3’ Target element Amplicon size, 
bp References

35s-f2
Petu-r1

TGA TGT GAT ATC TCC ACT GAC G
TGT ATC CCT TGA GCC ATG TTG T

Transition site of 35S promoter sequence  
to the chloroplast-transit-signal sequence  
in Roundup Ready soyabean

172 QL-CON 00-001

VW01
VW03

TCG AAG GAC GAA GGA CTC TAA CG
TCC ATC TTT GGG ACC ACT GTC G

Transition site of the genomic DNA into  
the 35S promoter in MON810 maize

170 QL-EVE-ZM 001

p35s-cf3
p35s-cf4 

CCA CGT CTT CAA AGC AAG TGG
TCC TCT CCA AAT GAA ATG AAC TTC C

CaMV 35s promoter of RR soyabean  
and MON810 maize

123 QL-ELE-00-004 

HA-NOS 118-f
HA-NOS 118-r

GCA TGA CGT TAT TTA TGA GAT GGG
GAC ACC GCG CGC GAT AAT TTA TCC

NOS terminator of RR soyabean 118 QL-ELE 00-009

GM03
GM04 

GCC CTC TAC TCC ACC CCC ATC C
GCC CAT CTG CAA GCC TTT TTG TG

Soyabean lectin gene (endogenous) 118 QL-CON 00-001

IVR1-F
IVR1-R 

CCG CTG TAT CAC AAG GGG TGG TAC C
GGA GCC CGT GTA GAG CAT GAC GAT  

Maize invertase gene (endogenous) 226 QL-EVE-ZM 001

Table 4. Nutritive value of maize grain and soyabean meal (transgenic or non-transgenic) and concentrates (in kg DM), according to IZ-PIB INRA 
(2009)

Feeds
Dry 
matter
g 

Crude 
protein 
g

Ether 
extract
g

Crude  
fiber
g

Ash

g

PDIN

g

PDIE 

g

UFL

Traditional maize, ground 862   89 41.1 22.1 15.3   70   95 1.21
Maize MON810, ground 863   89 39.8 21.3 14.7   70   95 1.21
Traditional soyabean meal 878 554 29.5 39.8 63.6 404 276 1.24
RR soyabean meal 887 515 36.6 48.7 71.2 376 260 1.25
Concentrates for groups

TMG/TS1 872 210 39 41 39 154 138 1.16
TMG/MS1 874 201 35 37 39 155 138 1.16
MMG/TS1 872 211 40 43 38 155 138 1.16
MMG/MS1 874 201 35 40 38 148 134 1.16

1 see Table 2; PDIN – protein digestible in the intestine corresponds to the amount of microbial protein synthesised in the rumen which depends 
on level of nitrogen originating from protein in the rumen plus dietary protein undegraded; PDIE – protein digestible in the intestine corresponds 
to the amount of microbial protein synthesised  in the rumen which depends on energy available plus dietary protein undegraded; PDI – total 
protein digestibility in the intestine meeting the  requirement of animal which  corresponds to lower value of PDIN or PDIE; UFL – feed unit for 
milk production, 1 UFL = 1.7 Mcal
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dry matter and crude protein degradability of both  
maize grain types. The differences in rumen deg-
radation of crude protein GM soyabean meal were 
statistically significant (P = 0.02) only for the 4-h 
incubation. 

Production, milk composition, and body 
weight 

Intake of TMR and nutrients during the experi-
ment period was comparable in all experimental 
groups (Table 7). 

There was no effect (P > 0.05) of diets on milk 
production or milk composition (Table 8), whereas 
statistically significant differences (P < 0.01) were 
found for the lactation period, which was shorter in 
the control group (TMG/TS).

The course of lactation curves indicates that the 
milk production of cows in particular groups was 
similar during all lactation periods (Figure 2). 

The efficiency of diet and nutrient utilization 
per kilogram milk production of the average cow in 
a group was similar in all of the groups (Table 9).

Table 6. Effective rumen degradability of dry matter (ERDDM) and 
crude protein (ERDCP) in of traditional and modified maize grain and 
soyabean meal (k = 0.06%)1

Item ERDDM ERDCP

Maize MON810, ground 58.0 44.0
Traditional maize, ground 58.1 41.3
RR soyabean meal 67.6 59.0
Traditional soyabean meal 70.1 62.6
k – the rumen outflow rate taken as 0.06 (%/h); 1 were calculated using 
NEWAY EXEL (Chen,1995)

Figure 1. Changes of rumen degradability of dry matter (A) and 
crude protein; (B) during incubation TMG – traditional maize grain,  
MMG – genetically modified maize grain (MON810), TS – traditional 
soyabean meal, MS –  genetically modified soyabean meal (Roundup 
Ready); * P = 0.02

Table 7. Intake of Total mixed ration and nutrients (average for cow in 
group per day)

Groups1
Dry  
matter
%

Crude 
protein
g

PDIN2 
g

PDIE2  
g

PDIP2 
g

UFL2

TMG/TS 19.4 3085 1882 1765 660 18.82
TMG/MS 18.7 3048 1870 1702 654 17.95
MMG/TS 19.4 3085 1901 1765 679 18.82
MMG/MS 18.8 3102 1918 1711 677 17.61
 1 see Table 2; 2 see Table 4

Table 8. Total and daily milk production and milk composition

Item Groups1
  P SETMG/TS TMG/MS MMG/TS MMG/MS

Total milk yield,  
    kg/cow 7900 7998 8043 8079   0.99 206.2

Daily milk yield,  
    kg/day/cow     27.69     26.66     26.90     27.52   0.94     0.68

Period of lactation, 
    days

  285.3a   300.0b   299.0b   293.3ab <0.01     1.85

Milk composition, % 
dry matter, %     12.58     12.28   12.95     12.48   0.07   0.09
fat, %       3.78       3.55   3.48     3.94   0.24   0.08
protein, %       3.23       3.24   3.19     3.29   0.38   0.02
lactose, %       4.74       4.81   4.80     4.77   0.70   0.02
urea, mg ·  l–1   203   183   190   212   0.55   7.44
casein, %       2.59       2.60   2.74      2.58  0.08   0.03
fat/protein       1.17       1.10   1.10      1.19  0.39   0.02

1 see Table 2; ab means with different superscipts within a row are  
significantly different at P ≤ 0.05 

Table 5. Chemical composition, nutritive value and fermentation product (FP) of TMR in groups (in kg DM) according to IZ-PIB INRA (2009)

Groups1 Dry  
matter %

Crude  
protein, g

Ether  
extract, g

Crude  
fibre, g

Ash
g

PDIN2 
g

PDIE2 
g

UFL2 FP3 

g
TMG/TS 42.9 159 30 163 75   98 91 0.97 38
TMG/MS 41.1 163 30 168 80 100 91 0.96 39
MMG/TS 43.4 159 30 161 74   98 91 0.97 39
MMG/MS 41.1 165 30 178 88 102 91 0.94 34
1 see Table 2; 2 see Table 4; 3 FP = acetic acid + propionic acid + butyric acid + lactic acid 
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No statistically significant differences were not-
ed between the groups for each measurement day. 
The final average body weight (ABW) was higher 
than the initial ABW. The increase in  average body 
weight during lactation for particular cow groups 
ranged between 41 kg in group MMG/TS to 81 kg in 
group TMG/TS (Figure 3).

Blood serum metabolite profiles
Regarding the metabolic parameters in blood 

serum, no statistically significant differences  
(P > 0.05) in serum concentrations of FFA or BHBA 
were noted between the averages for groups on each 
measurement day (Figure 4), although on day 7 after 

Figure 2. Changes in daily milk yield during lactation, kg · d–1; TMG/TS – non-modified, traditional maize grain and traditional soyabean meal,  
TMG/MS – traditional maize grain and modified soyabean meal, MMG/TS – modified maize grain and traditional  soyabean meal, MMG/MS – modified 
maize grain and soyabean meal

Figure 4. Concentration of free fatty acids (FFA) and β-hydroxybutyric 
acid (BHBA) in blood serum; TMG/TS, TMG/MS, MMG/TS, MMG/MS – see 
Figure 2

Figure 3. Changes in body weight (BW) during lactation; TMG/TS,  
TMG/MS, MMG/TS, MMG/MS – see Figure 2

Table 9. Feed and nutrient conversion per kg milk of average cow in 
group

Groups1
Dry 
matter,
kg

Crude 
protein,
g

PDI2,
g

UFL2 Concentrates,
kg

TMG/TS 0.70 111.41 63.74 0.67 0.25
TMG/MS 0.70 114.32 63.84 0.67 0.25
MMG/TS 0.70 114.68 65.61 0.70 0.26
MMG/MS 0.70 112.72 62.17 0.64 0.25
1 see Table 2; 2 see Table 4
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calving a tendency towards higher (group TMG/TS) 
and lower (group MMG/MS) BHBA concentrations 
was observed (P < 0.09). 

Also no significant differences were found among 
the groups in insulin and glucose concentrations for 
almost each study period, except for the glucose con-
centration (Figure 5) on day 10 after calving. On this 
day it was lower in group MMG/MS, in which cows 
received genetically modified maize grain MON 810 
and RR soyabean meal (P < 0.04).

The mean concentrations of blood metabolic 
parameters among groups of dairy cows were not 
statistically different, although there was a tendency 
towards a higher glucose concentration in group 

MMG/TS (P < 0.08) and progesterone concentration 
on day 14 of lactation in group MMG/MS (P < 0.09).

Results of DNA analysis
Analysis of compound feed samples showed 

that the concentrate given to groups TMG/TS and 
MMG/TS contained very low levels of GM soyabean 
meal, while the concentrate for groups TMG/MS and 
MMG/MS contained 100% and 82% GM soyabean 
meal, respectively (Table 11). The content of GM 
maize MON810 in the concentrate for groups TMG/
TS and TMG/MS points to trace amounts of GM 
maize grain MON810 in the concentrate for groups 
MMG/TS and MMG/MS (27.6% and 24.6%, respec-
tively). 

There was no horizontal transfer of DNA origi-
nating from GM feeds into plasmid DNA of micro-
organisms existing in the rumen of cows fed the 
concentrate for group MMG/MS.

Transgenic DNA fragments from insect-resist-
ant maize (MON 810) and herbicide-tolerant soya-
bean (Roundup Ready) were not detected in any of 
the cow milk samples. 

The feed samples of Roundup Ready soyabean 
meal collected from all three cows after 2 and 4 
h of incubation in the rumen were contaminated 
with transgenic DNA. Transgenic DNA in samples 
of Bt maize grain (MON 810), collected  from 3 
cows after 2 h of incubation in the rumen was ob-
served in three cows, and after 4 h of incubation in 
one cow. Transgenic DNA of both GM feeds was 
not found in any of the samples after 8 h of rumen 
incubation. 

Discussion

The chemical composition and feed value of 
GM maize and soyabean meal used in the present 
study were not modified in relation to traditional 
soyabean and maize grain. Although numerically 
small differences were observed in feed values, they 
were within the normal expected range and were 
comparable to the feeds used in Poland (Table 4). 
Some studies show that the composition of commer-
cial glyphosate-tolerant soyabeans, compared over 
three years with multiple varieties remains equiva-

Figure 5. Concentration of insulin and glucose in blood serum;  
TMG/TS, TMG/MS, MMG/TS, MMG/MS – see Figure 2

Table 10. Average concentration of blood metabolic parameters 

Groups1
During 4 weeks after calving, mean Progesterone,

ng · ml–1

FFA
mm · l–1

BHBA
mm · l–1

insulin,
µU · l–1

glucose 
mm · l–1

day 14  
of lactation

day 21  
of lactation

TMG/TS 0.66 0.49 7.28 3.73 0.48 0.51
TMG/MS 0.68 0.39 7.76 3.71 0.51 0.57
MMG/TS 0.58 0.35 8.88 3.99 0.57 0.62
MMG/MS 0.66 0.37 8.27 3.62 0.57 0.58
P 0.45 0.12 0.40 0.08 0.09 0.44
SE 0.02 0.02 0.34 0.05 0.02 0.02
1 see Table 2; FFA  – free fatty acids; BHBA – β-hydroxybutyric acid in 
blood serum

Table 11. Content of genetically modified plants in concentrates 

Modification
Concentrates for groups1

TMG/TS TMG/MS MMG/TS MMG/MS
RR soyabean meal2, % 0.05 100   0.23 82
Maize grain MON 810, % 0.01     0.05 27.6 24.6
1 ,2 see Table 2
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lent to that of non-modified conventional soyabeans 
(McCann et al., 2005). Beever et al. (2003) showed 
that transgenic feedstuffs had similar feeding values 
to isogenic feeds and did not adversely affected ani-
mal performance. Phipps et al. (2003), who fed cows  
a total mixed ration (TMR) containing either maize 
silage from a genetically modified (GM) variety, 
which was tolerant to the herbicide glufosinate  
ammonium, or its near isogenic no-GM counterpart, 
reported similar composition and nutritive values of 
both feeds. 

Rossi et al. (2005), who compared Bt maize 
grain with the corresponding near isogenic line in 
feeding broilers, reported some numerical differ-
ences in chemical composition, but the variability 
of nutrient contents was not different between both 
forms of maize grain. The results of the many ani-
mal experiments already completed have mostly 
revealed no significant differences between iso-
genic and transgenic hybrids (Flachowsky et al., 
2005). Results confirming the absence of signifi-
cant differences between Bt maize grain MON 810 
and glyphosate-tolerant soyabean meal in relation 
to traditionally non-modified components in feed-
ing calves were reported by Furgał-Dierżuk et al. 
(2014). GM plants of the first generation used in 
the present study are characterized as being with-
out substantial changes in composition and nutritive 
value and can be generally considered equivalent to 
their isogenic counterpart (Flachowsky et al., 2013).

McCann et al. (2005) reported that the composi-
tion of soyabean seeds and processed fractions ge-
netically modified for glyphosate tolerance (event 
40-3-2 and 61-67-1) were comparable to the non-
modified seeds and fractions of conventional soya-
bean meal. 

The average values of ERDDM and  ERDCP of tra-
ditional and genetically modified maize (TMG and 
MMG) and soyabean meal (TS and MS) showed 
the lack of distinct differences in effective rumen 
degradation of dry matter and crude protein (Table 
6, Figure 1). These results and average percentage 
values of dry matter and crude protein degradability 
suggest that GM feeds should not influence feed val-
ue. However, the somewhat higher curve of crude 
protein Bt maize grain degradability during incuba-
tion and lower RR soyabean meal compared with 
conventional feeds, suggest small changes in pro-
tein structure. In an in vitro study Sung et al. (2006) 
used a diet with rice straw and maize (MON810/
Event176/DK729) and found no significant differ-
ences in digestibility of dry matter, NDF, or ADF 
at 12 and 24 h in the rumen for both transgenic and 
isogenic forms of maize. Using an in situ technique, 

Wiedeman et al. (2006) showed (as in our experi-
ment) that ruminal digestion decreased the presence 
of functional cry1Ab gene fragments and that it was 
unlikely that full-size functional Cry1Ab protein 
molecules would be present after 8 h incubation in 
the rumen. In our experiment, after 8-h rumen in-
cubation of Bt maize grain and RR soyabean meal, 
we observed no evidence of the presence of tDNA 
specific for Bt maize and RR soyabean meal within 
the detection limits.

The effect of genetically modified Bt maize 
grain and RR soyabean meal on productivity, milk 
composition, DM intake of cows, and nutrient con-
version in the present study (Tables: 7, 8, 9 and Fig-
ure 2) was in agreement with earlier studies. Grant et 
al. (2003) found no differences in feed intake, milk 
production, milk composition, and milk compo-
nent yields between cows fed Bt maize and non-Bt 
near-isogenic hybrids. However, in our experiment 
a tendency appeared between groups towards a dif-
ferent content of dry matter (P = 0.07) and casein  
(P = 0.08) in milk and differences in lactation 
periods were observed (P < 0.01). Steinke et al. 
(2010), who studied the effect of feeding Bt maize 
(MON810) to Simmental cows, showed no signifi-
cant differences between GM feed and near isogenic 
control, although the milk of cows fed Bt maize had 
a significantly higher content of fat, lactose and pro-
tein. The authors suggest that the differences in milk 
composition between isogenic- and transgenic-fed 
dairy cows were not due to the different kind of feed, 
but rather to individual or physiological differences 
between the animals. In a study by Calsamiglia et al. 
(2007), feeding 2GM maize silage to lactating Hol-
stein cows did not affect DM intake or milk yield, 
but increases were observed in the content of milk 
protein, lactose, and SNF. The absence of differenc-
es between treatments in the body weight of cows 
during lactation (Figure 3) may suggest that in all 
groups the diets similarly and sufficiently covered 
the requirements of the cow and foetus.

The absence of differences between treatments 
found in the present experiment in terms of the FFA, 
BHBA and progesterone concentrations in blood 
serum (Figure 4, Table 10) suggest that transgenic 
feed compared with isogenic lines did not negative-
ly affect the health and reproductive status of the 
cows. Trabalza-Marinucci et al. (2008) showed that 
a diet including insect-resistant Bt 176 maize did not 
have adverse effects on the health of ewes over a 
three-year period. The lack of statistically signifi-
cant differences between treatments in the concen-
tration of glucose (with the exception of the sample 
from day 10) and insulin in blood serum (Figure 5) 
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suggests the similar energetic status of cows in all 
groups, as also indicated by the serum concentra-
tions of FFA and BHBA. It can be assumed that the 
cows in all groups were at a similar risk of fatty liver 
and similarly prone to ketosis. The higher (P = 0.04)  
glucose concentration in the sample collected on day 
10 of lactation from cows in the MMG/TS group could 
have resulted from a different physiological and 
metabolic status of the experimental animals and/or 
feed intake on that day. Steinke et al. (2009), who fed 
dairy cows Bt maize in two consecutive lactations, 
found the serum glucose concentration to be higher  
(P < 0.05) in transgenic-fed cows over the first lacta-
tion of the trial. 

The content of GM plants in the experimental 
concentrates suggests that the compound feeds had 
the appropriate composition (Table 11). The per-
centage of GM plants in concentrates containing 
their isogenic counterpart (0.04%–0.5%) shows that 
non-modified soyabean meal and maize grain were 
conventional lines without RR soyabean and maize 
MON 810 (Table 11). Generally,  a 0.9% content of 
GM plants is acceptable in isogenic crop plants. In 
the context of evaluating GM in plants, such a level 
is admissible if the detection of the GM component 
was accidental. 

In the present study, in the experimental feeding 
groups no milk sample was suspected to contain 
tDNA specific for Bt maize and RR soyabean 
meal within detection limits. These results are in 
accordance with previous findings that also reported 
the absence of recombinant DNA and protein in 
milk cows (Phipps et al., 2003; Nemeth et al., 2004; 
Calsamiglia, et al., 2007; Guertler et al., 2009; 
Einspanier, 2013) and in milk goats (Rizzi et al., 
2008), although chloroplast DNA fragments were 
detected in milk. Degradation of the intact transgenic 
DNA and protein during feed processing and storage, 
and during ruminal and intestinal digestion might be 
the reasons for the absence of these recombinant 
fragments in milk. After feed intake, both the DNA 
and protein are further degraded within the bovine 
gastrointestinal tract (Lutz et al., 2006; Wiedemann  
et al., 2006). Paul et al. (2010) reported that the 
Cry1Ab protein from MON810 is increasingly 
degraded during digestion in the dairy cow 
gastrointestinal tract via small fragments, and in 
comparison with total protein in feed, the relative 
amount of CrylAb protein in faeces is markedly 
reduced, indicating that CrylAb protein is not more 
stable than other proteins in the feed.

In contrast to those results, Tudisco et al. (2007, 
2010, 2015) showed that small DNA fragments can  
 

be detected in milk goats fed soyabean meal. Agodi 
et al. (2006) detected small fragments of recombi-
nant DNA in analysed milk samples from the Italian 
market, which they suspected was due to feed and 
faecal contamination during milking of cows fed 
genetically modified diets. In a study by Guertler  
et al. (2010), the Cry1Ab protein was found in  
faeces, whereas no recombinant DNA or Cry1Ab 
protein was detected in milk.

Absence of horizontal gene transfer to ruminal 
microorganisms was found not only in our study, but 
also by other researchers. Trabalza-Marinucci  et al. 
(2008), who fed ewes a diet with Bt maize, found 
no differences compared with isogenic feed for total 
amylolytic and cellulolytic bacterial concentrations, 
as well as protozoa numbers and composition. Sung 
et al. (2006), when comparing the effects of trans-
genic maize (MON 810 and Event176) and isogen-
ic maize (DK729) on in vitro rumen fermentation 
showed that bacterial population numbers were not 
affected by transgenic corn.

Feed DNA fragments may be transferred into 
the tissue, milk and eggs of animals as a natural 
process. When finally reviewing all available data, 
there is no scientific evidence that milk, meat, or 
eggs derived from animals fed feed containing com-
mercialized GM-plants are less safe for the con-
sumer than those produced with conventional feed 
(Einsapanier, 2013).

Conclusions
The indicators of milk yield and composition, as 

well as dry matter intake, body weight and blood se-
rum metabolite profile of cows obtained in this study 
support the conclusion that a total mixed ration with 
insect-resistant MON810 maize and glyphosate-
tolerant soyabean meal (Roundup Ready) did not 
affect production parameters or the health of cows. 
The chemical  composition of the feeds, as well as 
the rumen dry and crude protein degradability of ge-
netically modified feed remain substantially equiva-
lent to conventional feeds. Transgenic DNA frag-
ments from genetically modified Roundup Ready 
soyabean meal and Bt maize were not detected in 
milk by PCR methods and did not influence the ru-
men microorganism population. The current results 
conform to earlier work with plants of the “first gen-
eration”, e.g., without substantial changes. There is, 
however, a need for new, quality studies using new/
other plants, e.g. bio-fortified plants or plants with 
substantial changes in composition, and new, more 
sensitive, analytical methods.
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