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ABSTRACT

The aim of this work was the evaluation of fatty acids contents in meat and selected
offal in lambs fed a diet containing silage of whole plants of genetically modified
maize (Bt) MON 810 line. The material consisted of 14 Polish Merino lambs of mean
start body weight 24 kg. There were two feeding groups selected of 7 lambs each. In
the control group (K) the lambs were fed isogenic maize silage, which in the second
group (GMO) was substituted with the modified maize silage (Bt) MON 810 line. After
70 days of feeding (feed portions were standardised according to the DLG system)
the lambs were slaughtered and dissected. The results were evaluated statistically
and the significance of differences was calculated with the two factor variation
analysis (nutrition, tissue).

Feeding genetically modified maize silage did not change, in a statistically significant
way, the contents of any main fatty acids in the pool of all acids nor the contents of
the totals and their proportions, while the factor causing clear differences was the
tissue. Differences for the majority of the results were statistically significant.
Statistically significant interactions noted (nutrition X tissue) are probably due to
different values of these traits in the analysed tissues.
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STRESZCZENIE

Celem pracy byta ocena zawartosci kwasow ttuszczowych w miesie i wybranych
podrobach jagnigt tuczonych dawkami z udziatem kiszonki z catych roslin
genetycznie modyfikowanej kukurydzy (Bt) linii MON 810. Materiat badawczy
stanowito 14 jagnigt rasy merynos polski o sredniej poczgtkowej masie ciata 24 kg,
sposrod ktérych wydzielono dwie grupy zywieniowe po 7 sztuk w kazdej. W grupie
kontrolnej (K) jagnieta zywiono kiszonkg z kukurydzy izogenicznej, ktérg w grupie
drugiej (GMO) zastgpiono kiszonkg z modyfikowanej genetycznie kukurydzy (Bt) linii
MON 810. Po 70 dniach tuczu (dawki znormalizowano wedtug systemu DLG)
jagnieta poddano ubojowi i dysekcji. Wyniki opracowano statystycznie, a istotnos¢
réznic miedzy badanymi grupami okreslono za pomocg dwuczynnikowej analizy
wariancji (zywienie, tkanka).

Zywienie zmodyfikowang genetycznie kiszonkg z kukurydzy nie zréznicowato w
Sposob istotny statystycznie procentowego udziatu gtéwnych kwasow ttuszczowych
w puli wszystkich kwasow oraz zawartosci sum i ich wzajemnych proporcji, a
czynnikiem wyraznie roznicujgcym okazata tkanka. Dla wiekszosci wynikdw roznice
byly istotne statystycznie. Odnotowane statystycznie istotne interakcje (zywienie x
tkanka) sg prawdopodobnie uwarunkowane odmiennym ksztattowaniem sie wartosci
tych cech w obrebie analizowanych tkanek.

Stowa kluczowe: kwasy ttuszczowe, jagnieta, poledwica, podroby

DETAILED ABSTRACT

Dyskutujgc o zdrowotnosci cztowieka zwraca sie uwage na szereg réznych
czynnikow. Obecnie wiele kontrowersji wzbudza stosowanie w rolnictwie
transgenicznych odmian roslin uprawnych (GMO). Przyktadem takiej rosliny jest
kukurydza odporna na owady (Bt) linii MON 810, dopuszczona do uprawy przez
Komisje Europejskg. Problem moze by¢ bardzo istotny, poniewaz jest to surowiec
powszechnie wykorzystywany do produkcji kiszonek w zywieniu przezuwaczy. Dla
owiec dobrej jakosci kiszonka z kukurydzy jest najtanszg paszg w okresie zywienia
zimowego. Zdajgc sobie sprawe, iz mieso owcze zaliczane jest do produktow
spozywczych o wysokiej wartosci odzywczej w pracy poddano ocenie zawarto$¢
kwasoéw ttuszczowych w migsie i wybranych podrobach jagnigt tuczonych dawkami z
udziatem kiszonki z catych roslin genetycznie modyfikowanej kukurydzy (Bt) linii
MON 810.

Materiat badawczy stanowito 14 jagniagt rasy merynos polski o Sredniej poczatkowe;j
masie ciata 24 kg, sposrod ktérych wydzielono dwie grupy zywieniowe po 7 sztuk w
kazdej. W grupie kontrolnej (K) jagnieta zywiono kiszonkg z kukurydzy izogenicznej,
ktérg w grupie drugiej (GMO) zastgpiono kiszonkg z modyfikowanej genetycznie
kukurydzy (Bt) liniit MON 810. Po 70 dniach tuczu (dawki znormalizowano wedtug
systemu DLG) jagnieta poddano ubojowi i dysekcji. W analizowanych tkankach
(miesien najdtuzszy grzbietu, watroba, serce i nerki) oznaczono zawarto$¢ kwaséw
ttuszczowych, ich sumy oraz wzajemne proporcje miedzy nimi. Wyniki opracowano
statystycznie, a istotno$¢ réznic miedzy badanymi grupami okreslono za pomocg
dwuczynnikowej analizy wariancji (zywienie, tkanka).
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Zywienie zmodyfikowang genetycznie kiszonkg z kukurydzy nie zréznicowato w
sposoéb istotny statystycznie procentowego udziatu gtéwnych kwasow ttuszczowych
w puli wszystkich kwaséw. Sposrdd ocenianych kwasow dla obu grup zywieniowych
najwyzszg procentowg zawartos¢ stwierdzono dla kwasu oleinowego Cig.1. Na
kolejnym miejscu byty kwasy nasycone: stearynowy Cig.oi palmitynowy Cie.0. Tkanka
wyraznie roznicowata zawarto$¢ szeregu kwasow ttuszczowych. Dla wiekszosci
wynikow réznice okazaty sie istotne statystycznie (p<0.05). Najwyzszy udziat
procentowy w analizowanych tkankach, podobnie jak w przypadku grup
zywieniowych, odnotowano dla kwasu Cis.1, Ci6:0 i C1s.0. W miesniu najdtuzszym
grzbietu (poledwicy) stwierdzono istotnie wyzszy udziat kwasoéw Cig.1 i Ci6:0 W
porownaniu z watrobg, sercem i nerkami. Analiza zawartosci sum oraz wzajemnych
proporcji kwaséw ttuszczowych nie wykazata réznic istotnych statystycznie dla
czynnika zywieniowego. Suma kwasow ttuszczowych nasyconych (SFA) i
nienasyconych (UFA) dla obu grup zywieniowych (K i GMO) byta zblizona. W
badaniach stwierdzono istotne statystycznie réznice w udziale procentowym sum
kwasow ttuszczowych i wzajemnych ich relacjach w obrebie analizowanych tkanek.
Ze zdrowotnego punktu widzenia (SFA, UFA i UFA/SFA) najlepsza tkankg okazato
sie serce, gdzie suma kwasow nasyconych (SFA) wynosita 43.72%, suma
nienasyconych (UFA) 56.28%, a UFA/SFA 1.30. Dla porownania w watrobie wartosci
tych cech ksztattowaty sie odpowiednio: 56.32%, 43.68% i 0.27. Odnotowane
statystycznie istotne interakcje (zywienie x tkanka) dla pojedynczych kwasow, sum
kwasoéw ttuszczowych oraz wzajemnych ich proporcji sg prawdopodobnie
uwarunkowane odmiennym (potwierdzonym statystycznie) ksztattowaniem sie
wartosci tych cech w obrebie analizowanych tkanek.

INTRODUCTION

Application of GMO (Genetically Modified Organisms) in agriculture in the form of
transgenic varieties of crop plants brings a lot of controversy currently in the
community (Hatat, 2004, Ochocki and Stanczak, 2005a, 2005b). In Poland this type
of discussions intensified after the European Commission allowed a transgenic
variety of maize MON 810, which meant its free cultivation in all EU countries
inclusive of Poland. Transgenic varieties of MON 810 maize, as shown in the EU
Catalogue of Varieties of Agricultural Plants, are resistant to (ostrinia nubilaris),
currently the most important maize pest. This fact is often the single deciding reason
for the cultivation of this variety and its use for silage production destined for feeding
of ruminants.

The release of GMO plants into the environment, according to the EU directive
(2001/18/EC), must be preceded by the evaluation of the risk not only to the
environment, but also to animals and people. Many authors (Aumaitre, et al., 2002,
Flachowsky, 2005, Wiedemann, et al., 2005) have compared the elemental
composition of seed and silage from whole plants of maize, resistant to insects (Bt)
and herbicides (Pat) cultivated in Europe, with isogenic maize. The results did not
show any significant differences between those plants in the contents of nutritional
components. There is also some interest shown regarding their effect on the quality
of animal products.

Feeding silage of high quality to sheep in winter is a valuable and the cheapest
fodder, with maize silage being often most popular. Therefore there can be a
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transgenic variety of maize present in sheep diet. This has motivated our team to
investigate the effects of genetically modified maize on nutritional value of animal
products, such as the contents of fatty acids.

The aim of this work was the evaluation of the contents of fatty acids in meat and
selected offal in lambs fed silage of whole plants of genetically modified maize (Bt)
MON 810.

MATERIAL AND METHODS

Material consisted of 14 Polish Merino lambs of starting weight 25 kg. There were
two feeding groups established of 7 lambs each. The lambs in control group (K) were
fed isogenic maize silage, which in the second group (GMO) was replaced with
genetically modified maize (Bt) MON 810 line. Daily feed rations ranged from 1.5 to
1.7 kg. The remaining components of the feed ration (meadow hay, compound feed
CJ, crushed barley meal) were identical in both groups. Feed ration were calculated
according to the DLG system. After 70 days of feeding the lambs were slaughtered
and dissected. During the dissection there were meat samples taken from the longest
back muscle (m. longissimus dorsi) and offal (liver, heart and kidneys). Contents of
fatty acids were determined in the analysed tissues according to the Rése-Gottlieb
method A.O.A.C nr 905.02 (Kretowska-Kutas, 1993) with a gas chromatograph by
Varian company type 3800 GC with a FID detector. Numerical data was evaluated
statistically by calculating x, SEM. Significance of differences between the groups
was determined with a two-factor variance analysis (feeding, tissue) with Statistica V.
5.5 programme.

RESULTS AND DISCUSSION

Feeding genetically modified maize silage did not differentiate significantly
statistically the percentage contents of main fatty acids in the pool of all acids (Table
1). In the pool of evaluated acids for both feeding groups the highest percentage
content was found for the oleic acid Cig.1 (group K-25,67% and group GMO-26.76%),
and this was confirmed by other authors ( Baranowski, et al., 2007, Kaczor, et al.,
2000, Siminska, et al., 2011, Tejeda, et al., 2008, Wood, et al., 2008). In subsequent
places there were saturated acids: stearic Cig. (respectively: 25.24% and 23.92%)
and palmitic Ci.0 (respectively: 21.00% and 21.39%). In work by other
authors(Baranowski, et al., 2007, Kaczor, et al., 2000, Tejeda, et al., 2008, Wood, et
al., 2008) the order of these acids was reversed (Ci6.0 and Cig.0). Tissue clearly
differentiated statistically the contents of individual fatty acids (Table 1). The highest
percentage contents in the analysed tissues, as well as in the feeding groups, were
noted for acids Cig.1, C16:0 and Cigo. In the longest back muscle (loin) there were
found significantly higher levels of acids Cig.1 and Ci6.0 in comparison to liver, heart
and kidneys. Among evaluated tissues liver had the highest (30.76%), and loin the
lowest (19.20%) content of Cig.0. Similar results were obtained by Kaczor, et al.
(2000). Among the evaluated unsaturated acids heart appeared to have the richest in
linoleic (Cis:2n6) @and y-linoleic (Cis:3n6) acids, and kidneys in arachidonic acid (Cz0.4né).
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In our research there were also statistically significant interactions noted (feeding x
tissue).

Table 1. Contents of main fatty acids in tissues of lambs depending on feeding and
tissue type (%)
Tabela 1. Zawartos¢ gtownych kwaséw ttuszczowych w tkankach jagnigt w
zaleznosci od zywienia i rodzaju tkanki (%)

Fatty acids  Group nutrition Tissues Interaction
(n=7) (n=14)
K GMO Loin Liver Heart Kidneys
Cia:0 x 1.34 1.10 3.47%  0.39® 1.01® 0.55% *
SEM 0.32 022 0.16 0.03 0.08 0.04
Cis0 x 21.00 21.39 29.27% 20.18®° 16.66%% 21.41% *
SEM 1.11  0.99 0.41 0.31 0.37 0.24
Cie1 x 1.21 1.33 2.15% 1.33%° 0.5 (.86% *
SEM 0.14 0.13 0.05 0.05 0.03 0.03
Ciz:0 x 1.70 1.72 1.42%8 255% 133° 1.37¢ *
SEM 0.11 0.14 0.03 0.06 0.03 0.03
Ci71 x 0.64 0.72 0.86% 0.72%° 0.51® 0.52% *
SEM 0.04 0.04 0.02 0.02 0.01 0.01
Ciso X 25.24 23.92 19.20® 30.76®° 23.67® 23.73% *
SEM 0.96 0.19 0.50 0.42 0.53 0.52
Cig1 x 25.67 26.76 35.83% 26.53%° 18.02%% 22.54% *
SEM 1.60 1.70 0.49 0.33 0.36 0.49
Cis:2n6 x 13.92 1414 524* 8.18% 28.07®% 13.95%¢ *
SEM 2.06 @ 2.17 0.20 0.22 0.66 0.27
Cag:3n8 x 057 067 0.54* 0.39% 099 (0.48“ *
SEM 0.05 0.06 0.02 0.03 0.04 0,02
Ca0:4n6 X 6.14 567 0.922 5.10% 7.21%¢ 171.17% *

SEM 0.89 0.79 0.07 0.20 0.26 0.30
Values in lines marked with the same letters differ significantly statistically : aa
p<0.05
* interaction for factors: group of nutrition x tissue confirmed statistically p<0.01

As shown in Table 2, feeding did not statistically significantly affect the contents and
the proportions of fatty acids. The total of saturated fatty acids (SFA) and unsaturated
(UFA) for both feeding groups (K and GMO) was similar and on average amounted to
50%, therefore ratio UFA/SFA was also close to 1. Value of PUFA/SFA indicator,
regardless of the feeding, appeared optimal for a proper human diet according to
directives from the Department of Health and Social Security (1984) and was 0.45-
0.46. The research has shown statistically significant differences in percentage of
sums of fatty acids and their relationships within the analysed tissues (Table 2). From
a health point of view (Z SFA, Z UFA and UFA/SFA) the best tissue appeared to be
the heart, further kidneys, loin and the worst was liver. Similar results were obtained
by Kaczor, et al. (2000), who has compared tissues of the Polish Woolly sheep, as
well as Kalinowska, et al. (2000), analysing tissues of goat kids. In this research the
sum of saturated fatty acids SFA in heart was the lowest (43.72%), while it was the
highest in liver (56.32%). The sum of unsaturated acids UFA was respectively:
56.28% and 43.68%, and this resulted in a better value of the UFA/SFA ratio for the
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heart (1.30). Heart and kidneys have also shown the highest sum of polyunsaturated
acids (PUFA) respectively: 36.94% and 26.92%. The lowest quantities of
polyunsaturated acids (PUFA) were found in the loin (6.70%), and this resulted in the
lowest value of PUFA/SFA ratio (0.12). Statistically significant interactions (feeding x
tissue) noted for the sums of fatty acids and their proportions are conditioned, as in
the case of individual acids, upon different values of these traits within the analysed
tissues.

Table 2. Profile of fatty acids in tissues of lambs depending on nutrition and tissue
type (%)
Tabela 2. Profil kwasow ttuszczowych w tkankach jagnigt w zaleznosci od zywienia i
rodzaju tkanki (%)

Specification  Group nutrition Tissues (n=14) Interaction
(n=7)
K GMO Loin Liver Heart Kidneys
SFA X 50.83 49.66 54.15% 56.32%° 43.72%9 49.00° *
SEM 1.18 1.40 0.62 0.50 0.68 0.50
MUFA x 27.72 29.03 39.15% 28.80%° 19.34%®9 24.08%¢ *
SEM 177 1.84 0.49 0.35 0.39 0.52
PUFA x 21.45 2131 6.70° 14.89%° 36.94%9 26.92%¢ *
SEM 2.66 2.75 0.26 0.41 0.83 0.44
UFA X 49.17 50.34 45.85% 43.68*° 56.28%% 51.00% *
SEM 1.18  1.40 0.62 0.50 0.68 0.50
UFA/SFA x 099 1.05 0.85% 0.78%° 1.30®% 1.05* *
SEM 0.05 0.06 0.02 0.02 0.03 0.02
MUFA/SF x 054 058 0.73* 0.51* 0.44%® 0.50* *
SEM 0.03  0.03 0.02 0.01 0.01 0.02
PUFA/SFAx 045 046  0.12* 0.27% 0.86®% 0.55% *

SEM 0.06 0.07 0.01 0.01 0.03 0.01
Values in lines marked with the same letters differ significantly statistically : aa
p<0.05
* interaction for factors: group of nutrition x tissue confirmed statistically p<0.01

CONCLUSIONS

Feeding genetically modified maize silage did not significantly differentiate the
percentage contents of the main fatty acids in the pool of all acids or the contents of
the sums and their proportions.

Tissue statistically significantly differentiated the contents of several fatty acids, their
sums and proportions.

Statistically significant interactions (feeding x tissue) noted for the contents of
individual acids, sums of fatty acids and their proportions are probably conditioned
upon different (statistically confirmed) values of these traits within the analysed
tissues.
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