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Jubilee of Professor Jan Plesnik

Significant Slovak scientist, teacher and
humanist Prof. Jan Plesnik, DSc., Dr.h.c.,
important representative of the Czech-
Slovak and Slovak science, founder and
long-time director of the Research Institute
for Animal Production (RIAP) in Nitra
and pedagogue at the Slovak University
of Agriculture in Nitra, celebrates his 90"
birthday on 23" April 2015.

Professor Plesnik was born in Krajné, in
a family of farmers. As it was a family with
traditional respect for the heritage of fathers
and the culture of the nation, which esteemed
education, so it allowed education also to the
son. After finishing the two-year Agricultural
School in Martin he went on to study at the
four year Higher Economic School in KoSice,
where he passed the school-leaving exams.
During the years 1945-1950 he studied at
the University for Agriculture and Forest
Engineering in Brno aimed at scientific-
research work.

The first place of work of Prof. Plesnik
was the Research Institute for Animal
Production in Viglas. The institute was
replaced to Nitra in 1961. Prof. Plesnik
performed the function of director from
1959 to 1991. I take the liberty to cite the
esteemed toastee: “The goal of my life
and working sense of my life was to create
a modern reputable scientific institution,
create a material and personal democratic
atmosphere and conditions for free research

work as well as realization of the workers’

abilities.” He motivated and involved the
whole personnel of the institute to fulfil this
grandiose goal by his hard work, respect for
the truth and personal enthusiasm. During
this period defended more than 70 workers
the title CSc. or PhD. and 12 workers the title
DSc. in RIAP.

The bibliography of the toastee is also
rich. It contains nearly two dozen of books
and some hundred scientific, specialist and
popular-professional  publications, which
draw from the results of his own scientific
work. Jan Plesnik devoted much time also
to the Slovak Academy of Sciences; he was
its member, correspondent and academician
during the years 1969-1980. He was also
member of the Czechoslovak Academy of
Sciences, Russian Academy of Agricultural
Sciences and other FEuropean scientific
societies. After 1990 he became initiator of
the foundation and in 1993 the first chairman
of the Slovak Academy of Agricultural
Sciences. Professor Plesnik remains spiritual
father of this learned society till nowadays.

Jan Plesnik is a many-sided personality.
As an art lover he gained recognition for
creation of an exhibition hall in the Research



Institute for Animal Production, in which
are regularly presented works of outstanding
Slovak and foreign artists. He was also at
the origin of the International Film Festival
Agrofilm, which represents successfully
Slovakia and our agro-sector in the world for
30 years.

The toastee is laureate of high state
national and foreign distinctions. The personal
qualities and performance results of Prof.
Plesnik evaluated a number of universities by
awarding him the academic degree honorary
doctor. He is honorary citizen of the town
Nitra.

Multidimensional personality of Jan
Plesnik is expressed in his life and work,
based on a deep, honest and humble analysis
of phenomena that results in a characteristic

philosophical manuscript. These values
led him to a special and very exceptional
position among the representatives of animal
sciences. If there is anything typical for Prof.
Plesnik, it is his effort to hand out himself
to colleagues without the need to retain
something of his wealth for himself. Here
are the roots of Plesnik’s school, which today
represent dozens of scientific workers and
teachers who express gratitude and respect
for his lifework.

Ad multos annos Profesor Plesnik
Jaroslav Slamecka

Director of the Research Institute
for Animal Production
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ABSTRACT

The objective of this study was to compare Cubic, Ali-Schaeffer, Guo-Swalve (modified Khanderkar) and Wilmink models for
fitting lactation curves of White Shorthaired goats in Slovakia. In total, 19 002 test day records of daily milk yield, 18 441 test day
records of fat content and 18 757 test day records of protein content of 1 486 does collected between 1996 and 2011, were analyzed.
Milk traits were grouped by the week of lactation, and hence weekly averages of milk yield, fat and protein content were used for
modelling the first estimates of lactation curves. The goodness-of-fit of the models was of similar quality (R? slightly above 0.9 for
milk yield, above 0.6 for fat content and above 0.7 for protein content); with the exception of Wilmink model which gave lower R?
for the three traits (0.842, 0.600, 0.426). Lack of data in early and late lactation caused some difficulties in modelling the respective
phases of lactation curves with chosen models. The greatest differences in lactation curves were found between Wilmink model and
the remaining models. Research on individual days in milk is needed for better understanding of variation of milk traits during the

course of lactation, since they may depend on such effects as number of kids, feeding, parity or individual doe.

Keywords: doe, White Shorthaired goat, test day, lactation, milk traits, weekly averages, regression coefficient

INTRODUCTION

The White Shorthaired goats are predominant
among the goat population of Slovakia. Goats represent
the livestock sector of minor importance, mainly farmed
for milk. The production system is extensive with the only
one kidding per year applied. The performance testing
involves few flocks of the White Shorthaired goats;
the numbers have been gradually decreasing since the
beginning of the millennium. Selection is done under the
umbrella of the Sheep and Goat Breeders’ Association and
the Breeding Services of the Slovak Republic. Breeding
is aimed at improvement of milk, prolificacy and exterior.
The animals are selected on the basis of 100-point scale
(55 points for milk yield, 25 points for prolificacy and
20 points for exterior). Milk yield expressed as milk
yield adjusted for 240-day standardized milking period is

considered the most important trait among Slovak goats
(milking period starts after the kids are weaned).

Although goat lactation curves and factors
affecting variation of daily milk traits are commonly
known worldwide (Akpa et al., 2001; Ciappesoni at
al., 2004; Macciotta et al., 2005; Pala and Savas, 2005;
Waheed and Khan, 2013), the only analysis done with
goats in Slovakia is the study dealing with milking period
yield (Margetin and Milerski, 2000). In small ruminants,
daily milk traits were analyzed only in Slovak sheep and
ewes’ lactation curves were estimated (Oravcova et al.,
2006 and 2007).

The objective of this study was to study the
variation of goat milk, fat and protein content throughout
the lactation and to estimate average lactation curves for
milk yield, fat and protein content in White Shorthaired
goats in Slovakia.
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MATERIAL AND METHODS

Test-day records of milk performance testing in
a single (most numerous) flock of the purebred White
Shorthaired goats collected by the Breeding Services
of the Slovak Republic between years 1996 and 2011,
were analyzed. The traits investigated were daily milk
yield, fat and protein content. Milk samples were taken
in accordance with A, or AC standard method (ICAR,
2003). In total, 19 002 test day records of daily milk
yield, 18 441 test day records of fat content and 18 757
test day records of protein content of 1 486 does on their
1% to 10™ parities (3 646 parities) were included in the
analysis. The average number of test-day measurements
per parity was 5.22 £+ 0.88; almost 90 % of does had
5 or 6 test days per lactation. The measurements,
taken between days 17 and 251 after parturition, were
grouped by the week of lactation. Thus, week averages
of the respective traits were used for modelling
the first estimates of lactation curves in Slovak goats.
The following models: Cubic, Ali-Schaeffer (1987),
Guo-Swalve (1995) i.e. modified Khanderkar and
Wilmink (1987) were applied (GLM procedure, SAS
9.2 software; 2009) for modelling of first estimates of
lactation curves for milk yield, fat and protein content in
goats of the White Shorthaired breed.

Cubic model:
y=b,+bDIM+ sz[MZ +b DIM" + e )

Ali-Schaeffer model:

2 )
240 240
+b,In| —— |[+b,In| —— | +e
DIM DIM
Guo-Swalve model (modified Khanderkar):
y=b,+ b DIM+ b DIM* + b DIM* + b In(DIM + e (3)
Wilmink model:
y=b,+b2.7182810%PM+ b DIM + e 4)

where:

y is weekly averages of daily milk yield, fat and protein
content; b to b, is regression coefficients; In is natural
logarithm; 2.718281 is base of natural logarithm; 240
is length of standardized lactation period; DIM is days
in milk; e is random error assumed to be normally
distributed, N is (0, 0%)

The goodness-of-fit of the models was assessed by
comparison of coefficients of determination and residual
standard deviations.

RESULTS AND DISCUSSION

In the analyzed performance records of White
Shorthaired goats in Slovakia, the average number of
days in milk from parturition to the first test day was
60 + 15.9. Most measurements (81.2 %) were taken in
the middle of lactation (months 3 to 7), whereas in the
beginning of lactation (week 3, 4 and 5) and the end of
lactation (week 33, 34 and 35) minimum measurements
were done (see Table 1 for distribution of test days by the
week of lactation). Some monthly measurements lacked
the information on milk composition (3 % for fat content
and 1.3 % for protein content).

The estimated regression coefficients for Cubic,
Ali-Schaeffer, Guo-Swalve (modified Khanderkar)
and Wilmink model are given in Tables 2 (for milk
yield), 3 (for fat content) and 4 (for protein content).
The goodness-of-fit of the models is also given. The
coefficients of determination (R*) were almost identical
or similar within the individual milk traits. The models
explained from 84.2 % to 91.5 % of total variability for
milk yield (Table 2), from 60.0 % to 69.9 % for fat content
(Table 3) and from 42.6 % to 71.3 % for protein content
(Table 4). Wilmink model explained the lowest amount
of total variability for the three traits investigated: about
7 % lower variability than the remaining models for
milk yield, about 10 % lower variability for fat content
and about 30 % lower variability for protein content.
The goodness-of-fit differed minimally among Cubic,
Ali-Schaeffer and Guo-Swalve (modified Khanderkar)
models: from 0.1 % to 0.4 % for milk yield, from 0.8 % to
2.9 % for fat content and from 0.1 % to 0.4 % for protein
content. After fitting the models, standard deviations for
milk traits diminished as follows: from 55.5 % to 66.4 %
for milk yield (Table 2), from 34.5 % to 56.5 % for fat
content (Table 3) and from 21.7 % to 45.4 % for protein
content (Table 4).

The slightly higher coefficients of determination
(above 92 %) were reported by Angel Marin et al.
(2009) when fitting four mathematical models (Wood,
Brody, Wilmink, and Papayscik- Bodero) to milk
lactation curves in Colombian hybrid goats with 865
daily milk yields measured. Comparable coefficients of
determination (from 89.27 to 97.82 %) to those found
in this study were reported by Leon et al. (2012) when
fitting six mathematical models (Wood, modified Wood,
Cobby-Le Du, Wilmink, Quadratic spline, and Legendre
polynomials of order three) to milk lactation curves in
Murciano-Granadina goats. The authors used the mean
daily milk production in the individual day of lactation
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Table 1: Weekly averages for milk yield, fat and protein content

Week Days N Milk, 1 N Fat (%) N Protein (%)
x*s xX=*s
3 15 to 21 3 0.843 +0.455 3 4.03+£0.41 3 3.12+0.14
4 22 t0 28 5 1.173 £0.499 5 472 +£0.88 5 3.16 £ 0.31
5 29 to 35 7 1.464 £ 0.609 7 4.42 +0.58 7 3.14+0.32
6 36 to 42 156 1.566 + 0.481 139 3.64 +0.89 128 2.91+0.32
7 43 to 49 645 1.527 +0.479 604 3.39 +0.67 616 2.84+0.29
8 50 to 56 610 1.634 +0.507 509 3.38 £0.66 609 2.76 +£0.37
9 57 to 63 983 1.725 £ 0.498 880 3.294+0.79 980 2.68 +0.33
10 64 to 70 930 1.839+£0.504 901 3.42+0.70 925 2.76 +£0.29
11 71t0 77 709 1.724£0.519 665 3.41+0.71 667 2.83+0.25
12 78 to 84 539 1.861 +0.661 512 3.12+0.90 538 2.73+£0.29
13 851091 1028 1.817+£0.532 983 3.17+0.79 1028 2.68 +0.38
14 92t0 98 927 1.894 +£0.612 914 3.23+£0.67 921 2.73+£0.26
15 99 to 105 620 1.952 £ 0.673 620 3.34+0.63 620 2.77+0.28
16 106 to 112 702 1.800 + 0.609 701 3.29 £ 0.65 701 2.81+0.24
17 113 to 119 866 1.794 £ 0.536 864 3.33 +£0.66 865 2.76 £0.23
18 120 to 126 877 1.816 +0.507 875 3.43 £ 0.64 875 2.74 +£0.24
19 127 to 133 744 1.965 £ 0.5617 742 3.27+0.61 742 2.75+0.19
20 134 to 140 710 1.839+0.561 699 3.28 £0.56 699 2.724+0.23
21 141 to 147 602 1.761+0.515 583 3.44 +£0.57 583 2.80+0.22
22 148 to 154 814 1.794 + 0.477 805 3.58£0.56 805 2.77 +£0.20
23 155 to 161 760 1.883 £0.538 753 3.35+0.59 753 2.75+0.20
24 162 to 168 682 1.650 £ 0.506 679 3.35+£0.56 679 2.75+0.24
25 169 to 175 563 1.591 £ 0.546 546 3.42+0.53 546 2.75+0.23
26 176 to 182 1011 1.594 +0.420 996 3.50£0.56 996 2.77+0.22
27 183 to 189 704 1.565+0.419 698 3.44 +0.63 698 2.87+0.29
28 190 to 196 659 1.498 £ 0.451 652 3.43+£0.58 652 2.90+0.29
29 197 to 203 716 1.440 £ 0.446 704 3.47 £ 0.64 704 2.93+£0.28
30 204 t0 210 618 1.378 £ 0.411 600 3.59+0.72 600 2.90+0.29
31 211 to 217 369 1.446 £0.397 361 3.67+0.58 361 3.00+0.33
32 218 to 224 199 1.494 +0.390 198 3.67+0.62 198 3.19+0.64
33 225 to 231 66 1.177 £0.538 66 420+ 1.41 66 436+2.02
34 23210238 109 1.466 + 0.353 108 3.96 +£0.96 118 3.48 £ 0.90
35 239 to 244 65 1.459+0.374 65 437+0.83 65 3.48 +£1.14
36 245 to 251 4 1.667 £ 0.456 4 4.90+0.95 4 3.86 £2.40

N — number of observations, s — standard deviation
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Table 2: Regression coefficients of lactation curves and goodness-of-fit for milk yield

Regression coefficients Cubic Ali-Schaeffer Guo-Swalve Wilmink
b, 0.33685 11.92651 -0.79539 2.16785
b, 0.03601 -14.28572 0.01855 -0.00320
b, -0.00025 3.71046 -0.00017 -3.4936
b, 0.0000005 -6.18178 0.0000003
b, 0.89233 0.47026
Statistical characteristics Goodness-of-fit of the model
R? 0.911 0.912 0.915 0.842
RSD 0.0843 0.0859 0.0833 0.1102
Mean 1.590
SD 0.2478
R? — coefficient of determination, RSD — residual standard deviation, SD — standard deviation
Table 3: Regression coefficients of lactation curves and goodness-of-fit for fat content
Regression coefficients Cubic Ali-Schaefter Guo-Swalve Wilmink
b, 4.90121 -8.36509 8.41672 2.84866
b, -0.03359 15.07721 0.02064 4.42390
b, 0.00019 -2.67597 -0.00007 0.00412
b, -0.0000003 7.61460 0.0000002
b, -1.20193 -1.46013
Statistical characteristics Goodness-of-fit of the model
R? 0.670 0.699 0.691 0.600
RSD 0.2457 0.2385 0.2416 0.3594
Mean 3.605
SD 0.5485
R? — coefficient of determination, RSD — residual standard deviation, SD — standard deviation
Table 4: Regression coefficients of lactation curves and goodness-of-fit for protein content
Regression coefficients Cubic Ali-Schaeffer Guo-Swalve Wilmink
b, 3.11615 18.04985 6.51895 2.24659
b, -0.00203 -25.41579 0.05453 2.57739
b, 0.00005 11.39490 -0.00031 0.00450
b, 0.0000003 -9.04542 0.0000008
b, 1.55180 -1.41332
Statistical characteristics Goodness-of-fit of the model
R? 0.713 0.709 0.710 0.426
RSD 0.1952 0.2062 0.2062 0.2797
Mean 2.940
SD 0.3574

R? — coefficient of determination, RSD — residual standard deviation, SD — standard deviation
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as input data of all the models (in total, 518 557 test-day
records were taken).

Lactation curves for milk yield, fat and protein
content in goats of the White Shorthaired breed in
Slovakia plotted on the base of the regression coefficients

estimated by the considered models are given in
Fig. 1, 2 and 3. The pattern of lactation curves was in
accordance to the general pattern of goats (Ciappesoni
et al., 2004; Macciotta et al., 2005; Waheed and Khan,
2013) and ewes (Cadavez et al., 2006; Oravcova et
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= 4
= f5 Wilmink
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Fig. 1: Lactation curves for milk yield
7 L a ——m Cubic a
\1 —— Ali_Schaeffer -
e Wilmink .
————— Guo_Swalve
o4t Observed
o
S
(Wi
3,5 -
" A
3 -
2,5 T T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250
Daysin milk

Fig. 2: Lactation curves for fat content
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Fig. 3: Lactation curves for protein content

al., 2006 and 2007; Komprej et al., 2012). Milk yield
showed an increasing trend from 100 to 130 days in milk
and decreased afterwards. At the end of lactation, only
Cubic model showed sensitivity to the increase of milk
yield (day 240 after parturition), the remaining models
followed the decreasing trend of lactation curve (Fig.
1).When Quadratic model was fitted (not shown here),
it was similar to Cubic model as far as the coefficient
of determination and the residual standard deviation is
concerned. The only difference was its insensitivity to
the increase of milk yield in day 240 after parturition,
the same as was shown by Ali-Schaeffer, Guo-Swalve
(modified Khanderkar) and Wilmink models. Lactation
curves for fat and protein content (Fig. 2 and 3) showed the
opposite trend. These decreased from days 100 to 130 after
parturition and increased afterwards. Cubic, Ali-Schaeffer
and Guo-Swalve (modified Khanderkar) models were
more similar to each other than to Wilmink model.

CONCLUSIONS

This study was the first attempt to estimate
lactation curves for milk yield, fat and protein content
in White Shorthaired goats in Slovakia. The course of
lactation curves followed the pattern which is generally
known for ruminants. No remarkable differences in the
goodness-of-fit of the models were found (except for
Wilmink model), therefore, Cubic, Ali-Schaeffer and
Guo-Swalve (modified Khanderkar) models may support

the belief that they seem to be useful for modelling of
lactation curves in Slovak goats. Further research based
on investigations of influence of individual days in
milk during the course of lactation and study of effects
such as parity, number of kids born, nutrition as well as
rearing conditions in individual year and month in which
monthly measurements were taken, is needed for better
understanding of variation of milk traits in goats. The
effect of individual doe is also not negligible.
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ABSTRACT

This experiment was conducted to evaluate effects of in ovo butyric acid (BA) administration into broiler eggs on chicken small
intestine pH and morphology. 480 fertile eggs were obtained from Ross broiler breeder (45 wk) and divided into 3 treatments
with 4 replicate and 160 eggs per treatment. On the 18" day of incubation, 1 ml of in ovo solution was injected into amniotic
fluid. Treatments were including 0.3 % BA solution, 0.9 % NaCl solution and control group. For pH and intestinal morphometric
examination, 4 chicks per replicate were euthanized. The results showed that effect of BA injection on jejunum (p <0.01) and
ileum pH (p <0.05) on hatch day was significant. Jejunum villi height increased (p <0.05) on the 7" day compared with the control
group. The highest ileum villi was observed following the BA injection (p <0.01). It can be concluded that BA injection affects
small intestine morphology and increases body weight of chicks.

Key words: in ovo injection, butyric acid, pH, small intestine morphology

INTRODUCTION

Butyric acid (CH3CH2CH2COOH; BA) is a
medium-chain fatty acid that is absorbed from first
section of gastrointestinal.

Pryde et al. (2002) reported that BA can be used
as an energy source for growth and development of
intestine epithelial cells in human. There is not adequate
production of BA in the intestine of chick and it is related
to the incomplete establishment of gastrointestinal (GI)
microbes in the early post-hatch (Hosseini Mansoub
et al., 2011). Also the level of short-chain fatty acids
in chicken caeccum and intestine is very low at early
period of life. Dietary supplementation of BA had
positive effects on the regulation of intestinal bacterial
populations (Bolton and Dewar, 1965) and improved
broiler performance and carcass parameters (Leeson
et al., 2005). It has been shown that BA injection had
a significant differences in chick length on hatch day
(P <0.05); body weight was increased significantly at the

10™ day post hatch by injection of the 0.3 % BA glyceride
solution (P < 0.05) (Salahi et al., 2011). Application of
BA (3 gkg') increased chicken small intestine length
compared with the control group (Mahdavi and Torki,
2009). BA consumption in chickens had stimulating
effects on the intestinal villi (Hosseini Mansoub et
al., 2011). Addition of 0.2 % mixed triglyceride of BA
(mono, two and triglycerides) decreased villi length,
increased microvilli length and crypt depth of jejunum
(Antongiovanni et al., 2007). Application of organic
acid in broiler diets decreased intestinal pH. Intestinal
pH reduction had beneficial effect on the decreasing
of the harmful intestinal bacteria hereby decreasing
bacterial fermentation and improving protein and energy
digestibility (Adil et al., 2011). When pH of digesta was
reduced, the pancreatic secretion was increased, and had
trophic effects on the mucosa of gastro-intestinal tract.
Short chain fatty acids can accelerate gut epithelial cell
proliferation, thereby increasing intestinal tissue weight,
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which will result in changes of mucosal morphology and
the gastro-intestinal cell proliferation. Based on beneficial
effects of BA on broilers’ performance we thought that in
ovo administration of BA could improve the nutritional
status during last period of embryonic development and
first week after hatch. Therefore, the objective of the study
was to determine the effects of dietary administration
of BA (HYDRO C4-30) (SILOSPA, Italy) on intestine
morphology and pH during last days of incubation and
early phase of chicken growth.

MATERIAL AND METHODS

1. Experimental groups

480 fertile eggs were obtained from a 45 wk breeder
flock (Ross 308) and then allocated to three treatment
groups. These groups included as follows: I (control,
non-injected), I (in ovo injection of Nacl 0.9 % solution,
positive control) and III (in ovo injection of 0.3 % BA
glyceride solution in 0.9 % saline). Experiments were
performed in 4 replicate (40 eggs per replicate) so that
totally 160 eggs (66.5 £+ 0.5 g) per treatment were used.

2. Butyric acid solution

BA solution used in the experiment was
Monobutyrin-Hydro C4-30 (HYDRO C4-30) liquid,
water soluble product. The Hydro C4 composition
assigned by manufacturer was 47-53 % BA glycerides,
42-46 % free glycerol, 28-32 % BA and 0.5-1 %
moisture. pH and osmolarity were 67 and 0.017-0.028
mol L' (0.2-0.33 % solution), respectively and the
recommended Hydro C4 in broiler drinking water were
0.2 %10 0.33 % from 0 to 21 days of age (Uni and Ferket,
2003).

3. Incubation and hatching

After 6 hours of injection, the eggs were
transferred to hatcher and were set in hatching trays
horizontally. Trays were covered by mesh wire to avoid
mixing of chicks between adjacent compartments. The
hatcher (Petersime model 192, analog) temperature and
relative humidity were 37.5 °C and 50 %, respectively
(Salahi et al., 2011). Chicks were taken-off from hatcher
at 508 hours of incubation when 5 % of chicks were still
damp at the back of the neck (Kawalilak ez al., 2010).

4. In ovo injection procedure

Prior to injection, all eggs were candled for
examination of embryo position, amniotic fluid and
embryo movement, also a Coumassie blue dye solution
was injected into the 480 eggs to ensure that the solution
is administrated into amniotic fluid. After examination
the eggs were in ovo injected using 22 needle-gauge at
453 h (18.8 d) of incubation. Solution volume for each

injection was 1 ml and needle depth was 2.54 cm (1 inch)
(Zhai et al., 2008). After injection, the site of injection
was sanitized with ethanol 70 % (Ohta et al., 1999) and
sealed with a liquid adhesive.

5. Birds housing

Hatched chicks were raised on floor pens until
10 days. Birds of each pen had ad libitum access to
similar diet and water. Chicks were raised under similar
environmental conditions according to broiler breeder
recommendation (Aviagen, 2009) and allocated to pens
at 10 m? stocking density. Light intensity was maintained
3040 Lux and 23L: 1D h photo schedule was applied
throughout the experiment. No vaccine or drug antibiotics
were used during 10 days rearing period.

6. Collection of samples

Upon hatch, 4 chicks were randomly selected
and euthanized by CO, asphyxiation (Salahi et al,
2011). In this study all chicks were sampled on hatch
day (DOH), the 3" day (D3) and the 7" day post-hatch.
The gut samples were taken from the following 3 sites:
duodenum (from gizzard until the end of duodenal loop),
jejunum (from the end of duodenal loop to Meckel’s
diverticulum) and ileum (from Meckel’s diverticulum to
ileo-ceacal junction) (Aviagen, 2009).

7. Processing of Samples and Intestinal
Morphology Examination

After opening the abdominal area, the central
segment of each sample was extracted and flushed
with 0.85 % normal saline (sterile water) to remove the
intestinal content (Wang and Peng, 2008); tissue samples
(approximately 3 and 2 cm of jejunum and ileum)
were obtained from the midpoints of these segments.
Furthermore, tissue samples were separated and post
fixed in 10 % neutral buffered formalin for histological
evaluation (Buchanan et al., 2010). Samples were fixed
for 72 h (Kawalilak et al., 2010) and stored in a 70 %
alcohol solution until further processing. Each sample
was dehydrated, cleared and embedded into paraffin
(Wang and Peng, 2008); one 5 pm section of each sample
was placed on a glass slide and stained with hematoxylin-
eosin and periodic acid-Schiff (PAS) stain. These sections
were deparaffinized in xylene and rehydrated in a graded
alcohol series (Wang and Peng, 2008). Eight samples
obtained for each intestinal tissue and 2 cross-sections
were prepared for evaluation. Examination and assays
were done under a light microscope (Micros MCX300),
photographs were taken of the transverse sections and
analyzed using /vemp Image Tool software. Measurement
by the software was done on 7 villi per sampled chick
(Aptekmann et al., 2001). First, we looked for the highest
villi (Kawalilak et al., 2010) and then, selected neighbor
of this villi from left side. Pictures of small intestine
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villi were acquired under a light microscope with 10x
magnification. Villus height was measured from the tip
of the villi to the crypt area mouth (Buchanan et al.,
2010; Smulikowska et al., 2009) villus-crypt junction
(Wang and Peng, 2008) or the top of the lamina propria
(Aptekmann et al., 2001). Another morphometric
variables were included; villus width was measured at half
height in the middle of its length) Buchanan et al., 2010;
Smulikowska et al., 2009). The crypt depth was defined
as from the base upwards to the region of transition
between the crypt and villus (from crypt mouth to base)
(Aptekmann et al., 2001; Smulikowska et al., 2009).
Villus apical width at the villus tip, basally to the crypt-
villus junction, was measured, then villus surface area
was estimated by the following mathematical formula;
[((villus tip + villus base/ 2)x villus height [((Incharoen
and Yamauchi, 2009). Finally, villus height: crypt depth
ratio and crypt: villus height ratio were calculated.

8. pH Measurement

pH was measured in jejunum and ileum segments
of the gastrointestinal tract (GIT) of broiler chickens
at different ages including the 3™ and 7" day of the
post-hatch .In this study we measured pH using Ex-
situ protocol (inserting the pH probe). Then intestinal
contents collected and transferred into 3 ml of distilled
water (Chaveerach et al., 2004). pH measurement was
done by PH/°C meter (AOWA AD 110, Romania) and
sensor was placed for 20 second into the solution.

9. Statistical Analysis

The experiment had a completely randomized
design with 3 treatments; each of them applied to the
same number of units. The data were subjected to
statistical analysis based on 4 replications per treatment.
One-way ANOVA was performed to examine differences

Table 1: Effects of BA injection on small intestine pH

among groups by using the SAS software (SAS Institute
Inc, 2004). The means of variables were compared using
Duncan’s multiple range test.

RESULTS

Results of this study showed that effect of in ovo
injection of different treatments on the pH of jejunum
was significant on hatch day (p <0.01) so the lowest pH
was observed by injection of 0.3 % BA .Jejunum pH at
the 3 and 7% days after the hatch was not affected by
different treatments. Also ileum pH at the hatch day was
affected by different treatments (p <0.05) and the lowest
pH was observed in ileum by injection of 0.3 % BA
(Table 1). Jejunum villi height was affected at the hatch
day (p <0.001) and the maximum jejunum villi height
was observed on the control of the group. Also jejunum
villi height on the 7" day of the post-hatch was affected
by different treatments (p <0.05), so the maximum height
was observed in the Nacl and BA injection groups,
respectively. Jejunum villi width on the 3™ and 7" days of
the post-hatch on BA injection treatment was higher than
in other groups, although this effect was not statistically
significant. Jejunum crypt depth at hatch day and the 3™
day after the hatch on BA injection group were larger than
in other groups, although this effect was not significant
(Table 2) too. The ileum villi height on the hatch day
was the impact of different treatments (p <0.01) and
the maximum height was observed in the BA treatment.
Ileum villi width on the 7" day of the post-hatch in BA
injection group was more than in other groups, also this
difference was not significant too. However, ileum crypt
depth on the 3 and 7" days of the post-hatch in the BA
treatment were larger than in other groups, differences
were observed between treatments, but this effect was

Treatment Control NaCl1 0.9 % BA 0.3 % SEM p-value
Jejunum pH
Hatch day 6.9 6.8° 6.7¢ 0.04 0.01
3 Day 5.3 4.9 4.7 0.26 0.28
7 Day 5.67 5.58 5.8 0.21 0.59
Ileum pH
Hatch day 7.06® 7.2¢ 6.8° 0.09 0.05
3 Day 591 5.96 593 0.13 0.67
7 Day 5.85 5.79 6.02 0.15 0.68

*¢ within main effects, values followed by different letters within columns are significantly different (P <0.05*); SEM — Standard Error of Mean
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Table 2: Effects of BA injection on jejunum morphology
Treatment Control NaCl 0.9 % BA 0.3 % SEM p-value
Jejunum Villus height (um)
Hatch day 473¢ 460° 458¢ 8 0.001
3 Day 963 906 388 76 0.73
7 Day 1231° 1617 1426™ 83 0.02
Jejunum villus width (pm)
Hatch day 130 114 96 12.1 0.18
3 Day 167 153 168 20.5 0.72
7 Day 188 211 237 19 0.46
Jejunum Crypt depth (pm)
Hatch day 147 161 158 16.4 0.81
3 Day 228 248 257 17.1 0.64
7 Day 383 324 344 26.4 0.13

*¢ within main effects, values followed by different letters within columns are significantly different (P < 0.05%); d — day; J — Jejunum

Table 3: Effects of BA injection on ileum morphology

Treatment Control NaCl 0.9 % BA 0.3 % SEM p-value
Tleum villus height (um)

Hatch day 378¢ 409° 414¢ 6 0.01

3 Day 597 600 602 33 0. 84

7 Day 955 937 1 064 76 0.53
Tleum villus width (um)

Hatch day 109 100 101 7.6 0.34

3 Day 159 144 156 13.7 0.38

7 Day 214 200 238 24 0.55
Ileum Crypt depth (nm)

Hatch day 153 171 176 12.1 0.65

3 Day 222 210 233 21.8 0.74

7 Day 267 291 297 22.6 0.46

*< within main effects, values followed by different letters within columns are significantly different (P <0.05%)

not statistically significant (Table 3). Jejunum villi
surface area was not affected by different treatments.
Tleum villi area on the hatch day and the 7" day of the
post-hatch on BA injection treatment were larger than
in other groups, but there was no significant difference
between treatments. Crypt to villi ratio in the jejunum on
the 7" day of the post-hatch was influenced by different
treatments (p <0.05) and in control, and BA groups were

more than Nacl group, but this was not significant. Crypt
to villi ratio in ileum on the hatch, 3 and 7" days of
the post hatch were not affected by different treatments
(Table 4).
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Table 4. Effects of BA injection on Villus Area and Crypth to villi ratio

Treatment Control NaCl0.9 % BA 0.3 % SEM p-value
Jejunum Villus Surface Area (um?)
Hatch day 25833 23953 22561 3 800 0.84
3 Day 51223 50 832 49 787 8 100 0.98
7 Day 82369 112 162 102 796 12 600 0.74
Ileum Villus Surface Area (um?)
Hatch day 14 177 14 318 15934 943 0.44
3 Day 37291 36 781 34 092 636 0.74
7 Day 70 640 72230 79 520 515 0.62
Jejunum Crypt to villi ratio
Hatch day 0.29 0.33 0.42 0.05 0.21
3 Day 0.24 0.27 0.29 0.02 0.35
7 Day 0.31* 0.21° 0.24 0.02 0.03
Ileum Crypt to villi ratio
Hatch day 0.41 0.43 0.42 0.06 0.65
3 Day 0.38 0.33 0.38 0.04 0.61
7 Day 0.28 0.32 0.28 0.03 0.46

+® within main effects, values followed by different letters within columns are significantly different (P <0.05*)

DISCUSSION

1. pH of intestine

Our findings showed that injection of BA
affected the pH of jejunum and ileum on the hatch day
with a decrease in the pH of the jejunum. Many studies
showed that organic acids have effects on the pH of
gastro-intestinal tract (GIT). These studies reported the
inclusion of organic acids in the diets of broiler chickens
diminished pH of the GIT (Adil ef al., 2008) and crop,
but no effect on the caeca (Bolton and Dewar, 1965).
pH variability between birds was high, but standard
deviation between segments was low (Angel et al,
2010). These observations were consistent with Paul et
al. (2007). This is resulted from strong buffering action
of the GI tract in poultry. In the present study, we found
no significant effects of BA on pH at the 3% and 7" days.
Therefore, age may not have this significant effect on pH
of the ileum and jejunum at the 3* and 7" day in broilers.
The finding is in agreement with Angel et al. (2010), who
suggested that age had no effects on pH at days 5, 18, 46.
They reported the flowing pH for different segments of
the GIT: duodenum (5.99, 5.87), jejunum (6.07, 5.97),
ileum pH (7.12, 7.15), crop (5.32, 5.85), gizzard (2.37,
2.64, 2.04) and proventriculus (2.14, 2.50, 2.36). Gastric
reducing pH increases activity of pepsin, and pepsin

proteolysis may cause an increase in peptides. This
results in the release of hormones including gastrin and
cholecystokinin, (CCK) and these hormones can regulate
protein digestion and absorption physiological regulators
of feeding, feeding behavior and emotional responses
in the central nervous system by affecting gallbladder
contractions, exocrine pancreatic secretions and gastric
acid secretions in the GIT (Noble and Roques, 1999).
Also CCK modulated gastro-duodenal and intestinal
motility in chickens (Martinez et al, 1995). Another
advantage of reducing pH was direct antimicrobial effects
on intestinal bacteria by two methods: penetrating the
bacteria cell wall and disrupting the normal physiology
of certain types of bacteria when it was used in non-
dissociated (non-ionized, more lipophilic) form and
reducing bacterial competition with the host for available
nutrients and diminution in the level of toxic bacterial
metabolites as a result of lessened bacterial fermentation
which results in the improvement of protein and energy
digestibility, thereby improving the weight gain and
performance of broiler (Adil et al., 2011). These effects
will ultimately result in a better performance.

2. Jejunum Morphology
Jejunum villi height was affected at the hatch
(P <0.001) and different treatments affected (P <0.05) the
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height at the 7" day of the post-hatch. This finding is an
agreement with other experimental studies. Addition of
1 % of organic acid mixture significantly increased villus
height, compared with 0 and 0.5 % addition of organic acid
mixture at the 21% day of age (P <0.05) (Saki et al., 2011).
Dietary supplementation of organic acids significantly
(P <0.05) increased the villus height in the duodenum
and jejunum and the highest duodenal and jejunal villus
heights were observed in bird fed diets supplemented
with 3 % BA and 3 % fumaric acid (Smulikowska et
al., 2010). Jejunal villus height was higher (P <0.05) in
formate + propionate supplemented group. This result
revealed that combination of supplemental acidifier
improved or maintained similar villus height when
compared with antibiotic supplementation. The increase
in villus height of different segments of the small
intestine may be attributed to the fact that the intestinal
epithelium acts as a natural barrier against pathogenic
bacteria and toxic substances that are present in the
intestinal lumen (Paul ef al., 2007). The villus height in
the BMD (bacitracin methylene disalicylate) group of
birds was higher than the rest of the treatment group in
the jejunum where maximum digestion and absorption
takes place as there is a large luminal site, and more
mature enterocytes are present. The higher villus height
coupled with a higher Lactobacillus count caused a
better body weight and FCR in the organic acid blend
dietary groups. In the present study, jejunum villi width
between the 3™ and 7" days of the post-hatch in butyric
acid injection treatment was higher than in other groups,
although this effect was not statistically significant. These
effects, especially the observed increase in duodenal
villous length, are potentiated when the probiotics are
used and antibiotics induce enlargement of villous length
and width (Markovic et al., 2007). We also observed that
jejunum crypt depth on the day of hatch and the 3™ day
after the hatch in BA injection group was higher than in
other groups, although this effect was not significant.
Crypt depth was increased by addition of 0.5 and 1 % of
organic acid on the 21 and 42" days of age (P < 0.05)
(Saki et al., 2011). Effects of organic acid on the crypt
depth in the duodenum and jejunum did not differ among
different treatment groups (Smulikowska et al., 2010).
The crypt depth in the duodenum and jejunum was not
affected among different treatment groups (Adil et al.,
2010). The crypt can be regarded as the villus factory
and a large crypt indicates rapid tissue turnover and
a high demand for new tissue (Choct, 2009). In ovo
injection of BA proved that jejunum villi surface area
was not affected by different treatments. Crypt to villi
ratio in the jejunum on the 7% day of the post-hatch
was influenced by different treatments (p <0.05) and in
control and butyric acid injection group more than Nacl
injected group, but this was not significant. This finding
is in contrast with Saki et al. (2011) who found that

villus surface was significantly increased by addition
of 1 % of organic acid mixture compared with 0 %
level on the 21* day of age. These histological changes
probably had increased the intestinal surface area,
facilitating the nutrient absorption to a greater extent
and boosted the growth promoting effect of the organic
acid supplementation (Smulikowska et al., 2010). It is
well known that the presence of increased villus height
suggests an increased surface arca capable of greater
absorption of nutrients (Caspary, 1992).

3. lleum Morphology

The ileum villi height on the hatch day was
affected by different treatments (P <0.01) and the
maximum height was observed in the treatment with BA
injection. Ileum villi width on the 7" day of the post-
hatch in butyric acid injection group was higher than in
other groups and this difference was not significant. In
other studies, dietary supplementation of organic acids
increased the villus height in the ileum but the values
were significant (P <0.05) (Smulikowska ef al., 2010).
Addition of organic acids increased villus height in the
small intestine but the differences were not significant
in case of the ileum (Adil et al., 2010). The highest
ileal villus heights were recorded in the bird fed diets
supplemented with 2 % fumaric acid (Smulikowska
et al., 2010). More effects on ileum villi height were
observed in organic acid levels especially at 1 %,
which resulted in an increase in lactic acid bacteria and
decrease in Enterobacteriaceae counts in the ileum of
broiler chicken (P <0.05) (Saki et al., 2011). We found
that ileum crypt depth on the 37 and 7™ days of the post-
hatch in the BA treatment was higher than in other groups
but differences between treatments were not significant.
Using of the organic acid did not result in any effect on
the crypt depth in the ileum among different treatment
groups (Smulikowska et al., 2010). The crypt depth in
the ileum was not affected among different treatment
groups (Adil et al., 2010). In the current study, ileum
villi area on the hatch day and the 7" day of the post-
hatch on butyric acid injection treatment was higher than
in other groups, but there was no significant difference.
Dunham et al. (1993) presented similar conclusions in
domestic fowl fed a diet supplemented with L. Reuteri
(probiotics) which had longer villi and lower crypts in
ileum compared to the controls. The ileal crypt depth
was decreased by synbiotic supplementation (117 +
2 um) compared with control (128 + 2 pum); the addition
of synbiotic increased (P <0.001) the villus height/
crypt depth ratio and villus height in ileum compared
with control (Awad et al., 2008). Our findings showed
that crypt to villi ratio in ileum on the hatch day, 3™ and
7" days of the post-hatch was not affected by different
treatments. It can be concluded that BA injection during
embryonic period via egg can increase the absorption
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area by improving the small intestine morphology, so that
it may have effect on the increase in body weight. Also
pH of jejunum and ileum at hatch day was affected by in
ovo injection and the lowest pH was observed in ileum
and Jejunum by injection of 0.3 % BA.
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ABSTRACT

A total of forty eight Large White weaner male pigs of 8 weeks old with average initial weight of 9.67+0.26 were used in a 150-day
trial to determine the effect of feed quantity offered (1.5, 2.0 or 2.5 kg) on performance, carcass yield and organ weights of growing
pigs. Final weight, daily feed intake and daily weight gain increased (P <0.05) significantly with increase in feed quantity offered.
Feed conversion ratio, daily water intake and frequency of faecal excretion decreased significantly (P <0.05) with increasing
feed quantity offered. Carcass weight and dressing percentage were significantly (P <0.05) influenced by feed quantity offered.
The backfat depth increased significantly (P <0.05) with increase in feed quantity offered. Pigs fed 2.5 kg feed daily had higher
(P <0.05) head, ham and shoulder compared to the values recorded for pigs fed 1.5 kg feed daily. Liver weights of pigs fed 2.0 and
2.5 kg feed daily had comparably similar values which differed significantly from those fed 1.5 kg feed daily. These results showed
that quantity of feed offered greatly influenced feed intake, weight, carcass yield, liver and heart of growing pigs, hence, it could

be used as a management tool to improve performance and carcass yield of pigs.

Keywords: feed quantity; performance; carcass yield; organs; growing pigs

INTRODUCTION

Profitability of pig enterprise depends on efficient
use of feed for lean tissue growth and the rate of growth.
Growth rate and nutritional requirement of pigs are
two essential factors necessary for maximum pork
productivity. An ideal nutritional programme should
provide adequate nutrients to maximize pig productivity
while minimizing excreted nutrients and feed costs.
Since 75 % of total feed used in a farrow-finish operation
is consumed in the grower-finisher phase (Edwards,
2010), nutritional accuracy in this phase has a substantial
economic impact. Insufficient feed intake (quantitative
and qualitative) has negative impact on the performance
of pigs, hence, leading to higher maintenance cost. Fat
deposition occurs when feed intake exceeds the rate at
which maximum lean growth is achieved.

The meat industry requires animals to be as lean as
possible since pork with low fat content reduces human

caloric intake and intramuscular fat is related to lower
sensory quality traits (Fernandez et al., 1999). High level
of carcass fat is therefore unacceptable because of the
associated health problems. Under tropical conditions,
it is therefore logical to adopt a system of feeding that
promotes feed intake and lean tissue growth. High
temperature leads to decrease in voluntary feed intake,
and hence a reduction in growth rate. The ad libitum
feeding, particularly, if involves feeds of high energy
density, tends to promote synthesis of body fat which is
inefficient in terms of feed conversion. Restricted feed
allowance reduces back fat thickness and intramuscular
fat content (Gondret and Lebret, 2002) resulting to
acceptable carcass grading. Although progress has
been made in swine nutrition in the last 30 years,
there is still a need for more information relative to
the various methods of feed management practices in
swine production. The present study therefore seeks to
completely define the levels of feeding necessary for
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lean meat productivity and for minimizing feed waste
especially in a humid tropical environment.

MATERIALS AND METHODS

Experimental Site

The experiment was carried out at the Piggery
Unit of the Teaching and Research Farms Directorate
(TREFAD), Federal University of Agriculture, Abeokuta,
Ogun State, Nigeria. The farm lies within latitude 7° 10’
N, longitude 3° 2’ E and altitude 76 mm. It is located in
the derived savannah zone of South-Western Nigeria. It
has a humid climate with mean annual rainfall of about
1037 mm and temperature of about 34.7 °C. The relative
humidity ranges from 63 to 96 % in the rainy season (late
March to October) and from 55 to 82 % in the dry season
(November to early March) with an annual average of
82 %. The seasonal distribution of annual rainfall is
approximately 44.96 mm in the late dry season (January—
March); 212.4 mm in the early wet season (April-June);
259.3 mm in the late wet season (July—September) and
48.1 mm in the early dry season (October—December)
as documented by Federal University of Agriculture,
Abeokuta Meteorological Station, respectively.

Experimental Animals and Their Management

Forty eight weaner Large White male pigs of
eight weeks old with mean body weight of 9.67 + 0.26
kg were randomly assigned to three experimental groups
in a completely randomized design. The pigs were
grouped based on weight equalization to three groups
(group 1 consisting of pigs fed 2.5 kg feed daily, while
pigs in groups 2 and 3 were offered 2.0 and 1.5 kg feed
daily, respectively) of sixteen pigs each. Each group
was replicated four times with 4 pigs per replicate. Each
replicate consisting of four pigs were fed and housed
together in naturally ventilated pen with floor size
dimension of 3 x 2 m. Fresh and clean water was supplied
ad libitum throughout the duration of the experiment.

Experimental Design

The pigs were randomly assigned to
3 experimental groups in a Completely Randomized
Design of 16 pigs per group. The experimental groups
consisted of the daily amount of dietary portion fed to
each of the pigs. Pigs were offered 2.5, 2.0 or 1.5 kg feed
daily for duration of 150 days. Each pig received halves
of their daily ration at 08:00 hr and the remaining portion
at 14:00 hr. Diets were formulated to meet the body
requirements of growing pigs. The ration contained 18 %
crude protein and metabolizable energy of 12.16 MJ kg'!
as depicted in Table 1.

Table 1: Composition of Experimental Diet (%)

Ingredients Grower ration
Maize 45.00
Groundnut cake 20.00
Wheat offal 20.00
Palm kernel cake 12.50
Bone meal 2.00
Premix* 0.35
Common salt 0.30
Lysine 0.05
Methionine 0.05
Total 100.00
Calculated Analysis

Crude protein (%) 18.06
Crude fibre (%) 5.84
Calcium (%) 0.72
Phosphorus (%) 0.34
ME (MJ kg") 12.16

*Composition of diet per kg: Vit. A 12 600 IU; Vit. D, 2 800 IU;
Vit. E 49 IU; VitK, 2.8 mg; Vit. B, 1.4 mg; Vit. B, 5.6 mg; Vit. B,
1.4 mg; Vit. B, 0.014 mcg; Niacin 21 mg; Pantothenic Acid 14 mg;
Folic Acid 1.4 mg; Biotin 0.028 mcg; Choline Chloride 70 mg;
Manganese 70 mg; Zinc 140 mg; Iron 140 mg; Copper 140 mg;
Iodine 1.4 mg; Selenium 0.28 mg; Cobalt 0.7 mg; Antioxidant
168 mg

Data Collection

Feed and water intakes were determined daily
by subtracting the feed and water left-over from those
supplied. Initial body weight of weaner pigs were
taken using weighing scale with a 0.05 g precision and
documented when the pigs arrived at the experimental
site and weekly records of change in body weight were
subsequently taken and documented. The feed conversion
ratio was calculated as ratio of feed/gain. Quantity of
faecal excreted by pig was measured with the aid of
measuring scale while the frequency of faecal excretion
was determined by observing the number of times a pig
defecates daily.

Carcass Characteristics

Twenty four pigs consisting of 8 pigs per treatment
were randomly selected, slaughtered and analyzed for
carcass yield, cut-up parts and fat composition at the end
of the experiment. The pigs were weighed and fasted
for 16 hours, and the fasted weight of each pig meant
for slaughtering was taken before they were stunned by
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percussion method and bled by incision using a sharp
knife cutting through the jugular vein between the
skull and the atlas. Complete bleeding and dehairing
were done. The stomach of the pigs was opened along
the greater curvature and emptied. After the removal of
the visceral organs, the remaining part was measured
as carcass weight and later expressed as percentage of
the live weight to get the dressing percentage. The head
was removed by section at the occipito-atlas joint and
the feet by sawing through the hock joint at a right angle
to the long axis of the leg. The carcass was divided
longitudinally. The left half of the carcass was dissected
as described by Barca et al. (2006). Ham was separated
by locating the division between the 2™ and 3™ sacral
vertebrae and saw perpendicularly along axis of the ham.
Shoulder of the pig was separated from the loin and belly
by a straight cut between the second and third ribs and
a straight cut 2.5 centimetre ventral to the ventral edge of
the scapula. The parts were weighed and recorded. Back-
fat depth was taken at the last rib using vernier calliper.
The fat-free index was estimated using the formulae
postulated by National Pork Producers Council (1994).

Fat-free index = 50.767 + (0.035 x hot carcass
weight in kilogram) — (8.979 X last rib midline back-fat
on hot carcass in centimetre).

Statistical Analysis

Data were processed by one-way analysis of
variance using Statistical Analyst Software (SAS Institute,
2000) package. Significantly (P <0.05) different means
among variables were separated using New Duncan’s
Multiple Range Test as contained in the same package.

RESULTS AND DISCUSSION

The response of pigs to quantity of feed offered
is shown in Table 2. There was no significant (P >0.05)
difference in the initial body weights of pigs fed at
different levels. This implied that the experimental
pigs were equalized before the commencement of the
experiment. The final body weight, daily weight gain
and daily feed intake increased significantly (P <0.05)
with increase in feed quantity offered. Pigs fed 2.5 kg
feed daily had higher final body weight of 53.67 kg
compared to 48.42 and 45.50 kg obtained for those fed
2.0 and 1.5 kg feed daily, respectively. Daily weight gain
followed the same trend with the highest mean value of
296.13 g found among pigs on 2.5 kg feed daily while
the least value of 238.33 g was recorded for pigs fed
1.5 kg feed daily. Pigs fed 2.5 kg feed daily had highest
feed intake (1.05 kg), followed by those on 2.0 and then
1.5 kg feed daily. These significant differences attested
to the fact that pigs on higher nutritional plane (2.5 kg
feed) obtained adequate intake of nutrients required
to sustain rapid growth and development (Njoku et
al., 2013). Sufficient offering of feed to pigs is vital in
optimizing overall growth performance. Garcia-Valverde
et al. (2008) reported that pigs on high level of nutrition
deposited both lean and fat at a faster rate than those fed
moderate level of nutrition on both age- and weight-
constant bases. This is in line with the observations
noted in this study where weight gain and feed intake
were significantly influenced by feed quantity offered.
Quantity of feed offered significantly (P <0.05) influenced
feed conversion ratio of growing pigs. Feed conversion
ratio decreased significantly (P <0.05) with increase in
feed quantity offered. The pigs on daily ration of 2.5 kg
feed required less feed (3.01 kg) to gain one kg weight.

Table 2: Effect of feed quantity offered on performance of growing pigs

Quantity offered
Parameters/Treatments (kg) 1.5 2.0 2.5 SEM
Initial weight (kg) 9.75 10.00 9.25 0.58
Final weight (kg) 45.50° 48.42%® 53.67° 2.10
Daily weight gain (g) 238.33° 256.13%® 296.13¢ 12.05
Daily feed intake (kg) 0.81¢ 0.95° 1.05° 0.12
Feed conversion ratio 4.13° 3.56® 3.01° 0.27
Daily water intake (1) 4.30° 3.97° 3.59° 0.34
Excreted faecal weight (g/day) 665.17 591.98 575.27 29.55
Frequency of faecal excretion (times) 3.18° 2.89° 2.96° 0.11

¢ _ means within rows followed by different superscripts are significantly different (P <0.05)
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The increase in growth rate with increasing feed offered
indicates that protein deposition had larger effect on
growth rate than fat deposition. The extra feed consumed
by the pigs on 2.5 kg feeding regimen could have resulted
to increase in protein deposition which mainly determines
the growth rate of growing pigs. The extra gain in growth
rate could be hypothesized to be proportionately higher
than the increase in feed intake resulting in a reduced and
therefore improved feed conversion ratio. Affentranger
et al. (1996) reported better feed intake and feed
efficiency in pigs fed under different feeding regimes.
Feeding level, feed composition and feeding patterns
have been used as tools to manipulate growth rate,
weight gain, fat deposition and pork quality (Wood et al.,
2004). So, feeding level have been applied to increase/
decrease growth rate and thereby decrease/increase age
at slaughter at a given body weight (Garcia-Valverde et
al., 2008; Lebret, 2008a). Daily water intake of pigs fed
2.0 and 2.5 kg feed daily were statistically similar (3.97
and 3.59 litres, respectively) but differed significantly
(P <0.05) from those on 1.5 kg feed daily (4.80 litres).
The water intake decreased significantly with increase in
feed quantity offered. The decrease in water intake with
increasing feed quantity offered could be linked to level
of satiety attained among the pigs on higher nutritional
plane, since they had more access to feed than those on
limited nutritional plane. Pigs fed limited amount of feed
might have increased their water in order to compensate
for low abdominal fill. This corroborates the findings
of Silanikove and Brosh (1989) that reported 6-fold
increase in water intake of pigs whose total daily ration
was halved or completely withheld for a period. Under
limited-feeding conditions, pigs consume excessive and
highly variable quantities of water (Yang et al., 1981).
Excess water intake often referred to as hunger-induced
polydypsia could be reduced by ad libitum feeding
(Shaw et al., 2006). There was no significant (P >0.05)
difference in excreted faecal weight, although numerical
differences were recorded among treatments. Pigs on
1.5 kg feed quantity offered had the highest faecal weight
(665.17 g day™') while those on 2.5 kg feed daily had the
least value (575.27 g day™'). The numerical differences
could be attributed to the level of water intake which was
higher among the pigs fed 1.5 kg feed daily. Hosseini-
Assal and Hosseini (2000) reported that faecal weights
of human subjects depend on amount of water intake and
fibre content of diet. Pigs on 1.5 kg feed offered drank
more water in order to compensate for low abdominal
fill; this must have increased the level of unabsorbed
water in the large intestine, leading to increase in faecal
weight. Frequency of faecal excretion is defined as the
number of times an animal passes out facces per day. The
significant difference noted in the frequency of faecal
excretion could be associated with the rate of water intake.
Water aids digestion and promotes the rate of passage of

digesta in the gastrointestinal tract. The quicker the rate
of passage through the gastrointestinal tract, the earlier it
reaches the rectum and therefore excretion occurs more
frequently.

Carcass yield, cut-up parts and organ weight of
growing pigs fed different quantity of feed is shown
in Table 3. The fasted weight, bled weight, carcass
weight and dressed percentage of the experimental pigs
increased significantly (P <0.05) with increasing level of
feed offered. The values for fasted weight ranged from
42.17 kg (pigs fed 1.5 kg feed daily) to 51.83 kg (pigs fed
2.5 kg daily). Bled weights of pigs on 1.5 and 2.0 kg daily
ration were statistically similar (37.53 and 41.00 kg)
which differed significantly (P <0.05) from 48.33 kg
recorded for those on 2.5 kg daily ration. Pigs on 2.5 kg
daily ration had the highest carcass weight (36.83 kg)
and dressed percentage (81.86 %), while those on 1.5 kg
daily ration had the least values (26.17 kg and 72.09 %,
respectively). The significant differences observed in
these parameters could be attributed to the level of feed
offered to the individual pigs in each treatment group.
The pigs on higher nutritional plane must have obtained
sufficient amount of nutrients from the dry matter
intake to compensate the energy requirement for body
maintenance and tissue growth. Adequate quantity of
energy intake is critical to optimize lean growth rate and
efficiency (Augenstein ef al., 1997). The feeding level,
pattern and protein: energy ratio of the diet, together
with the genetic growth potential of pigs determine
the growth rate and composition of weight gain at
both whole-body and muscle level (Lebret, 2008a;
Merck, 2008). There was a reduction in the rate and
efficiency of gain as limited-feeding intensifies, though
a better carcass quality was obtained. Many research
findings had shown that the level of feed offered
greatly influenced the back fat deposition of pigs.
Feed restriction affects more fat tissue than lean tissue
deposition when applied during the finishing stage of
pigs. Therefore, restricted feeding leads to leaner
carcasses compared with ad libitum feeding (Lebret et
al., 2001). Decrease in back fat thickness, adipocyte
volume and lipogenic capacity in pigs are some of the
effect of restricted feeding (Gondret and Lebret, 2002).
The least back fat deposition as observed from the pigs
on 1.5 kg per day feeding regime must have resulted
from restriction of feed intake. Hence, the importance
of feed restriction on production indices over the growth
period and meat quality cannot be over-emphasized
and this depends very much on feeding pattern, degree
and duration (Critser et al., 1995). The amount of
feed offered per day played vital role in the growth
performance which therefore had direct bearing on the
quality of carcass produced. Limited-feeding leads to
depletion of apparent rate of glycogen as measured by
muscle acidity (McPhee and Trout, 1995) resulting to
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Table 3: Effect of feed quantity offered on carcass yield, cut-up parts and organ weight of growing pigs

Quantity offered
Parameters/treatments 1.5 2.0 2.5 SEM
Carcass yield
Fasted weight (kg) 42.17° 47.67° 51.83® 2.93
Bled weight (kg) 37.53° 41.00° 48.332 2.29
Carcass weight (kg) 26.17° 30.33% 36.83° 2.23
Dressed percentage (%) 72.09¢ 74.43° 81.86° 2.47
Backfat depth (cm) 0.56® 0.62° 0.712 0.09
Fat free index 49.20 49.10 48.83 0.30
Cut-up parts'
Head weight 10.17° 10.97¢ 10.84¢ 0.35
Ham weight 13.47¢ 13.95° 14.80° 0.54
Shoulder weight 12.07° 11.94° 12.60° 0.38
Feet weight 2510 2.45% 2.37° 0.05
Tail weight 0.31 0.23 0.25 0.01
Organ weight?
Empty Stomach weight 2.06 1.80 2.06 0.07
Lung weight 1.00 1.03 0.93 0.03
Liver weight 2.21b 2.36a 2.42a 0.04
Spleen weight 0.40 0.31 0.31 0.01
Heart weight 0.43¢c 0.52b 0.62a 0.02

e — means within rows followed by different superscripts are significantly different (P <0.05); "2 — values are expressed as percentage of fasted

weight

reduction in back fat depth and increase in rate of lean
growth (McPhee et al., 1988). Pigs raised on restricted
feeding was reported by Nguyen and Cam (2001) to have
high growth rate, low back fat and high lean percentage
in the carcass of their descendants. Hence, the advantage
of restricted feeding transcend generations.

The head, ham and shoulder weights increased
significantly with increase in feed quantity offered.
Head weight of the pigs on 2.0 and 2.5 kg feed daily
had statistically similar values (10.97 and 10.84 %) but
differed (P <0.05) from that of pigs on 1.5 kg daily feed.
The ham weights (13.47, 13.95 and 14.80 %) increased
significantly (P <0.05) with increase in feed quantity
offered. The shoulder weight of pigs on 1.5 and 2.0 kg
feed daily had comparable values which differed
significantly (P <0.05) from those fed 2.5 kg feed
daily (12.60 %). Feet weight decreased significantly
(P <0.05) with increase in feed quantity offered. The
significant differences noted in these parameters might

have resulted from better conformation of pigs’ carcass
in relation to the final body weight (body mass) of the
pigs’ slaughtered. Pigs with larger body weight had
higher head, ham, shoulder and feet weights. This is
in line with the findings of Latorre et al. (2008) who
observed that the weight of ham, shoulder and loin
increased with weight at slaughter, which is also close
to the result of Lo Fiego et al. (2005). However, the
observation contradicted the findings of Virgili et
al. (2003) who suggested that primal cut proportion
decreases with increasing body weight because the
growth rate of primal cuts was lower with age than the
growth rate of the whole body. Liver was also observed
to increase with increasing feed quantity. This might
have resulted from the numerous chemical changes
taking place in the liver whenever feed is consumed. De
Lange et al. (2003) reported that feed intake stimulates
visceral organ growth and it also alters the distribution
of whole-body protein. Liver weight of pigs on 2.0 and
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2.5 kg feeding regime had comparable mean values
(2.36 and 2.42 %) which were higher than the value
(2.21 %) obtained among pigs on 1.5 kg feeding regime.
Heart weight mean values (0.43, 0.52 and 0.62 %)
increased significantly (P <0.05) with increase in feed
quantity offered. Variability in carcass weight may
have contributed to variation in some visceral organ
mass (liver and heart). Some factors known to influence
visceral organ size are body weight, feeding level, diet
composition and pig genotype (Nyachoti, 1998). The
relationship between visceral organ mass and body
weight appears to reflect both changes in feed intake and
maintenance energy requirements with increasing body
weight (van Milgen and Noblet, 2003). Lebret (2008b)
reported that feeding level and pattern of feeding are
tools used to manipulate growth rate, composition of
weight gain and intramuscular fat deposition.

CONCLUSION

Growth indices (final body weight, daily weight
gain, daily feed intake), carcass cut parts (head, ham,
shoulder) and some visceral organs (liver and heart) were
influenced by higher feed quantity offered. Hence, 2.0 kg
daily feed offered can be used as management tool in
order to improve the performance, carcass parameters
and some visceral organs of growing pigs.
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ABSTRACT

Carcass composition, and pH and electrical conductivity, were compared among Red White Belted (» = 10), Landrace (n = 9) and
Large White (n = 10) pigs commercially reared and slaughtered at a live weight between 108 and 118 kg. Carcass yield was lower
(P <0.05) in Red White Belted pigs (70.97 %) compared to Landrace (72.72 %) or Large White (72.83 %). At both the withers
and between the 6" and 7™ thoracic vertebrae, Red White Belted pigs presented greater (P <0.05) backfat measurements (45.80
and 33.70 mm, respectively) compared to Landrace (35.11 and 22.89 mm, respectively) or Large White (37.20 and 23.90 mm,
respectively). Greater (P <0.05) pH values were measured at 24 hours post-mortem in the musculus longissimus thoracis et
lumborum of Red White Belted pigs compared to Landrace. No differences (P >0.05) were detected in proximate composition
(moisture, protein, fat, ash) of pork or in fat characteristics (moisture, melting point, refraction index) among pig breeds (five pigs
per breed analysed).

Keywords: Red White Belted pigs; carcass characteristics; meat quality; fat traits

INTRODUCTION have a strong skeletal structure with a light head;
reach a live weight of 100 kg in 185 days;

have a high reproduction rate of 10 piglets in a litter;
produce a carcass with a carcass lean content of
62 % and backfat thickness of 26 mm (Rybalko et
al., 2011b).

Quality characteristics of pig carcasses and

Consumer demands for high quality pork in the
absence of imports of pig breeds from outside Ukraine
have resulted in the development of the Ukrainian Red
White Belted pig. This synthetic breed was established
from 1976 to 2007 at the Institute of Pig Breeding and

wok W

Agro-industrial Production of the National Academy of
Agricultural Sciences (Poltava, Ukraine) through complex
crossing methods, which comprised Duroc (43.75 %),
Poltava Meat (21.88 %), Hampshire (21.87 %), Landrace
(6.25 %) and Large White (6.25 %) pigs (Rybalko ef al.,
2011a). Red White Belted pigs:

1. are red-coloured with a narrow white strip on the

chest behind the shoulder blades;

pork are largely affected by pig breed. Breed is often
included as a variable while meat quality is an important
consideration (Mdrlein et al., 2007), partly to help
optimising the genetic choice of animals (Edwards et
al., 1992). With few published information on the meat
producing quality of pig breeds developed in Ukraine,
the objective of the current study was to compare carcass
traits and meat and fat quality characteristics obtained
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with Red White Belted to those from Landrace and Large
White pigs. Information obtained could be utilized in
countries outside of Ukraine with interest to introduce
the Red White Belted pig into their local breeding
programmes.

MATERIAL AND METHODS

Animals

Fifty eight barrows and 62 gilts which originated
from three commercially available breeds (Red White
Belted, Landrace, Large White) were reared and
slaughtered at the facilities of the commercial company
Freedom Farm Bacon, Ukraine. Landrace and Large
White pigs were imported from Northern Ireland in 2003
and 2005, and their Ukrainian-bred offspring (sows) were
inseminated in 2008 with semen from boars from the
United States to improve feed efficiency and meat quality.

Pigs were housed by breed in pens of 30—40 animals
during the weaner period and 25-30 animals during the
grower and finisher periods. All animals were fed ad
libitum on standard complete commercial pig diets. During
growth from 30 to 60 kg, diets contained (per dry matter)
12.9 MJ kg net energy, 19.1 % crude protein and 1.1 %
lysine. These quantities were decreased to 12.8 MJ kg™! net
energy, 18.0 % crude protein and 1.0 % lysine during the
phase from 60 to 90 kg live weight, and to 12.6 MJ kg™ net
energy, 17.1 % crude protein and 0.8 % lysine during 90
to 120 kg, respectively. All pigs were slaughtered at a live
weight between 108 and 118 kg at 6-6.5 months of age.
Nine to 10 animals per breed were selected for evaluation
of carcass and meat (pH, electrical conductivity) quality,
whereas proximate composition of pork and fat quality
were measured in five animals per breed.

Carcass measurements
Carcass weight was calculated with skins intact,
but without heads, feet, viscera and internal fat. Heads
were separated cross-section perpendicular to the spine
before the 1% cervical vertebra. The front feet were
removed at the wrist joint, and rear feet at the hock joint.
Carcass yield was calculated as the percentage of hot
carcass weight divided by live weight. Carcass length
was measured in the hanging position, and defined as the
distance from the front surface of the 1% cervical vertebra
(atlas) to the front perimeter of the pubic symphysis
bones. Length of the bacon side was measured from the
middle of the 1* rib to the front perimeter of the pubic
symphysis bones.
Backfat thickness (together with skin) was
measured in:
1. the thickest part of the withers;
2. over the 67 thoracic vertebrae;
3. in the loin.

Minimum thickness of visible fat (including rind)
was determined on the midline of the split carcass which is
covering the lumbar muscle (gluteus medius; F), whereas
visual thickness of the lumbar muscle was measured as
the shortest distance between the front (cranial) end of
the lumbar muscle and the upper (dorsal) edge of the
vertebral canal (M). From these two measurements, the
percentage carcass lean (CL = 58.10122 — (0.56495 x
F) + (0.13199 x M)) was calculated according to the
‘Zwei-Punkt-Messverfahren” method used in Germany
for pig carcasses weighing between 50 and 120 kg (EU,
2011).

Meat and fat quality characteristics

The pH and electrical conductivity (EC) values
were recorded with a universal (multipurpose) portable
digital LF-Meter “LF-Star CPU-Pistole” (Ing.-Biiro
& Klassifizierungsservice Rudolf Matthiaus, Klausa,
Germany)at 1, 5and 24 hours post-mortem. Measurements
were made on seven points in the carcass which were the
most easily accessible on the slaughterhouse conveyor:

1. musculus semimembranosus (SM);

2. musculus longissimus thoracis et lumborum
between the 4™ and 5" lumbar vertebra (LTL1);

3. musculus longissimus thoracis et lumborum
between the 10" and 12" thoracic vertebra (LTL2);

4. musculus longissimus thoracis et lumborum
between the 2™ and 3™ thoracic vertebra (LTL3);

5. musculus rectus thoracis (RTH);

6. musculus intercostales externus between the 6"
and 7" ribs (INEX);

7.  musculus rectus abdominis (REAB). Temperature
was adapted for by use of a digital thermometer
‘AMA-digit ad 14" (Amarell GmbH & Co. KG,
Germany).

Ultimate pH (pH,,) was measured, as described
above, after cooling of carcasses for 48 hours in the
LTL2 of five pigs, and muscle and backfat samples
for chemical and physical analyses, respectively, were
sampled from this position on the right sides of carcasses.
Moisture content of muscle samples was determined by
drying of a sample at 103 °C to constant weight, ashing
was performed at 550 °C in a muffle furnace, crude
protein by the Kjeldahl method (nitrogen x 6.25), and
ether-extractable intramuscular fat by Soxhlet solvent
(petroleum ether) extraction (AOAC, 1990).

Fat analyses of the backfat samples were done
according to methods described in the Methodical
Recommendations of Agricultural Sciences (Misik,
1978). Moisture content of fat was measured by heating
of a 0.5 g sample for 2.5 hours at 105 °C to a constant
weight. Melting point temperature of fat was determined
by the rising melting point (open capillary) method, and
the refractive index by refractometry (IRF-454 B2M,
Kazan Optical and Mechanical Plant, Russia) at 40 °C.
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Statistical analysis

Preliminary statistical analyses showed that there
were no differences between genders, probably due to
small sample size. Therefore data for barrows and gilts
were pooled. Differences among breeds in carcass, meat
and fat quality characteristics were detected by one-way
analysis of variance (ANOVA) followed by Tukey ‘s test at
the 0.05 level of significance. The General Linear Model
procedure (GLM) of SAS version 9.2 (SAS Institute Inc,
Cary, NC) was used as statistical package. With muscles
originating from the same carcass dependent onto each
other, breed was the only independent variable that could
be evaluated for meat quality characteristics.

RESULTS AND DISCUSSION

Carcass characteristics

Notwithstanding comparable (P >0.05) live and
hot carcass weights, carcass yield and length of the
bacon side were lower (P <0.05) in Red White Belted
pigs compared to Landrace and Large White (Table 1).
Furthermore, backfat thickness measured at both the
withers and between the 6" and 7" thoracic vertebrae
were greater (P <0.05) in Red White Belted pigs.
Differences in backfat thickness were also illustrated by
computing the degree of evenness of backfat, determined
by the difference in the thickness of backfat on the
withers (at the thickest part) and loin (at thinnest part),
among pig breeds. This measurement (in mm) presented
a greater (P <0.05) value for Red White Belted (15.50 +
2.099) compared to Landrace (8.22 = 1.935) or Large
White (6.50 + 1.384). The greater backfat thickness in
Red White Belted pigs could be attributed to the large
proportion of Duroc genes used in the development of

this breed. Duroc pigs are characterised by a greater
backfat thickness compared to other breeds (Edwards et
al., 1992). A lower muscle growth potential was stated
as the reason for a greater backfat thickness and lower
carcass lean content in Creole pigs compared to Large
White (Renaudeau and Mourot, 2007). However, carcass
lean content did not present any differences among
breeds in the current study (Table 1).

Meat and fat quality

Table 2 shows that breed had no effects on pH
measured at 1 hour post-mortem, whereas differences
in the LTL3 and REAB at 5 hours post-mortem were
greater (P <0.05) in Red White Belted pigs compared
to Landrace. However, at 24 hours post-mortem, values
obtained in all parts of the LTL were greater (P <0.05) in
Red White Belted pigs compared to Landrace, and in the
SM and REAB compared to both Landrace and Large
White. Greater (P <0.05) values in Red White Belted pigs
(5.52£0.045) compared to Landrace (5.39 £ 0.015) were
also found by measuring pH at 48 hours post-mortem
in the LTL2, with Large White presenting intermediate
(5.44 £0.017) values.

Greater pH values in muscles from Red White
Belted pigs could have resulted from the Duroc
proportion used in their development. Duroc pigs
present the greatest ultimate pH in the LTL, followed
by Hampshire, Large White and Landrace (Barton-
Gade, 1988). Whereas muscle metabolic activity (mainly
ATPase activity) at slaughter will determine the speed of
pH decline, the magnitude of pH decline depends mainly
on muscle glycogen reserves (Hambrecht et al., 2005).
A low post-mortem pH could reduce the acceptability and
shelf-life of meat, and its suitability for the manufacture
of cured meat products (Ramirez and Cava, 2007).

Table 1: Effects of breed on carcass characteristics (mean = standard error)

Characteristic

Live weight (kg)

Hot carcass weight (kg)
Carcass yield (%)

Carcass length (cm)
Length of bacon side (cm)

Backfat thickness at withers (mm)

Backfat thickness between the 6" and 7" thoracic vertebrae (mm)

Backfat thickness at loin (mm)

Carcass lean content (%)

65.15+1.145°
45.80 +£2.133¢
33.70+2.082¢
30.30 £ 1.633
56.61 £ 0.860

68.89 +0.978¢
35.11 +1.852°
22.89 +1.728°
26.89 +£2.003
57.60 £ 1.478

Red White Belted Landrace Large White
(n=10) n=9) (n=10)
118.60 + 4.782 116.22 +3.205  108.50 +2.566
84.22 +3.580 84.93 +£2.536 79.04 £2.013
70.97 £0.491° 7271 +£0.367°  72.83 +0.483"
99.38 + 1.850 101.00+0.816  101.55+0.677

69.00 + 0.394°
37.20 +1.504°
23.90 + 1.847°
30.70 £ 1.033
59.24 £1.014

means in the same row with different subscripts are significantly different (P <0.05); n — number of pigs
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Table 4: Effects of breed on proximate composition of pork and characteristics of backfat (mean + standard

error)
Characteristic Red White Belted Landrace Large White
(n=5) (n=5) (n=5)
Proximate composition (% wet weight)

Moisture 73.70 £ 0.356 74.09 +£0.198 73.98 £0.142
Protein 22.16 +0.348 22.64+0.174 22.60 +0.138
Fat 1.98£0.412 1.23+0.149 1.32+0.149
Ash 1.16 £0.012 1.15+0.008 1.14£0.013
Backfat

Moisture (%) 9.48 +£0.591 10.52 £ 0.773 9.80 +0.581
Melting point (°C) 27.74 £0.236 28.76 +0.604 28.88 +0.907
Refraction index 1.46 = 0.000 1.46 = 0.000 1.46 = 0.000

n —number of pigs

It could be postulated that meat from Red White Belted
pigs (with greater ultimate pH values) should provide
better processing abilities into cured products compared
to Landrace and Large White.

With muscle containing continuous electrolytes
with relatively great EC values, this measurement could
be applied for detection of exudative meat (Swatland,
2003). However, except for a greater (P <0.05) value in the
REAB of Red White Belted pigs compared to Large White
found at 24 hours post-mortem, no differences occurred
among breeds in EC of the respective muscles (Table 3).

Proximate composition (moisture, protein, fat,
ash) measured in the LTL2 did not differ (P >0.05)
among the three pig breeds evaluated (Table 4). Although
intramuscular fat content did not differ among breeds, it
tended (P = 0.138) to be greater in Red White Belted pigs
compared to Landrace and Large White. This could be
attributed to the 44 % Duroc proportion, a breed from
the United States that was introduced in Europe mainly
due to its greater intramuscular fat content compared to
other breeds (Barton-Gade, 1987). It was shown (Wood,
1993; NPPC, 1995) that Duroc pigs produce pork with
a greater intramuscular fat content in comparison to the
white European breeds, including the Large White and
Landrace. According to De Vol et al. (1988), a threshold
value of 2.5-3.0 % intramuscular fat in pork presented
the most tender (lowest Warner-Bratzler values), with
tougher meat obtained at lower levels of fat, and little
effect of greater levels on tenderness. With Red White
Belted pigs showing intramuscular fat levels near to
this threshold value compared to other breeds, it could
be assumed that they would have more tender meat than
either Landrace or Large White.

Backfat characteristics were similar (P >0.05)
among pig breeds (Table 4). With a decrease in melting
point when unsaturation of fat increased (Wood et al.,
2004), the absence of any differences indicated that
there would probably be no differences in the amount
of saturation of backfat among breeds. Furthermore, no
differences (P >0.05) among breeds were detected in the
refractive index, which could be identified as the ratio
of the speed of light in a vacuum to the speed of light in
the fat.

CONCLUSIONS

It can be concluded from this study that Red White
Belted pigs present comparable carcass lean contents
to Landrace and Large White pigs, notwithstanding
lower carcass yields and greater backfat thickness.
However, differences among breeds in pH measured at
24 hours post-mortem suggested an evaluation of the
rate of glycolysis in different muscles in future studies.
Furthermore, the processing abilities of meat from Red
White Belted pigs into cured products compared to other
breeds should be evaluated.

ACKNOWLEDGEMENTS

This project was supported by the National
Academy of Agricultural Sciences of Ukraine (Kiev,
Ukraine, 0110U002534).

27



Original paper

Slovak J. Anim. Sci., 48, 2015 (1): 23-28

REFERENCES

AOAC. 1990. Official methods of analysis of the
Association of Official Analytical Chemists, 15%
edition. Washington, DC, USA: Association of
Official Analytical Chemists, 1990.

BARTON-GADE, P. A. 1987. Meat and fat quality
in boars, castrates and gilts. Livestock Production
Science, vol. 16, 1987, p. 187-196.

BARTON-GADE, P. 1988. The effect of breed on
meat quality characteristics in pigs. In: Proc 34"
International Congress of Meat Science and
Technology, 1998, Brisbane, Australia, p. 568-570.

De VOL,D.L.-MCKEITH, F. K.-BECHTEL, P. J. -
NOVAKOFSKI, J.-—SHANKS,R.D.-CARR, T.R.
1988. Variation in composition and palatability traits
and relationships between muscle characteristics and
palatability in a random sample of pork carcasses.
Journal of Animal Science, vol. 66, 1987, p. 385-395.

EDWARDS, S. A.—WOOD, J. D. - MONCRIEFF, C.
B. —PORTER, S. J. 1992. Comparison of the Duroc
and Large White as terminal sire breeds and their
effect on pig meat quality. Animal Production, vol.
54,1992, p. 289-297.

EU.2011. Commission implementing Decision 2011/258/
EC of 27 April 2011 amending Decision 89/471/EEC
authorising methods for grading pig carcasses in
Germany (notified under document number C (2011)
2709). Off. J. EU, 2011, vol. L75, p. 24-25.

HAMBRECHT, E. — EISSEN, J. J. - NEWMAN, D.
J. = SMITS, C. H. M. - DEN HARTOG, L. A. -
VERSTEGEN, M. W. A. 2005. Negative effects of
stress immediately before slaughter on pork quality
are aggravated by suboptimal transport and lairage
conditions. Journal of Animal Science, vol. 83, 2005,
p. 440-448.

MISIK, A. T. 1978. Methodological guidelines for assay
of quality of carcass, meat and subcutaneous fat of
slaughtered pigs. Moscow, Russia: VASHNIL, 1978
(Russian).

MORLEIN, D. - LINK, G. - WERNER, C. - WICKE,
M. 2007. Suitability of three commercially produced
pig breeds in Germany for a meat quality program
with emphasis on drip loss and eating quality. Meat
Science, vol. 77,2007, p. 504-511.

NPPC. 1995. National genetic evaluation program. Des
Moines, 1A, USA: National Pork Producers Council,
1995.

RAMIREZ, R. — CAVA, R. 2007. Carcass composition
and meat quality of three different Iberian-x Duroc
genotype pigs. Meat Science, vol. 75, 2007, p. 388—
396.

RENAUDEAUA,D.—MOUROT,J.2007.Acomparison
of carcass and meat quality characteristics of Creole
and Large White pigs slaughtered at 90 kg BW. Meat
Science, vol. 76,2007, p. 165-171.

RYBALKO, V.P.—- GETYA, A. A. - GERASIMOV, V.
I. 2011a. The gene pool of the national pig breeds
of Ukraine, their creators and modern coordinators.
Poltava, Ukraine: Poltava writer; 2011a, p. 103—121
(Russian).

RYBALKO, V. P. - LESNOY, V. A. - FESENKO, O.
G.—-NAGAEVICH, V. M. 2011b. Red White Belted
breed of meat pigs and zootechnical requirements
of manifestation of their productivity. Practical
recommendations. Poltava, Ukraine, 2011b, p. 6-17
(Russian).

SWATLAND, H. J. 2003. On-line monitoring of meat
quality. In: Kerry, J. P., Kerry, J. F., Ledward, D. A.:
Meat Processing. Improving Quality. Cambridge,
UK: Woodhead Publishing, 2003, p. 193-216.

WOOD, J. D. 1993. Production and processing
practices to meet consumer needs. In: Batterham, E.:
Manipulating Pig Production IV. Attwood, Victoria,
Australia: Australasian Pig Science Association,
1993, p. 135-147.

WOOD, J.D.-RICHARDSON, R.I.-NUTE, G.R. -
FISHER,A. V.- CAMPO, M. M. - KASAPIDOU,
E. - SHEARD, P. R. — ENSER, M. 2004. Effects of
fatty acids on meat quality: a review. Meat Science,
vol. 66, 2004, p. 21-32.

28



Slovak J. Anim. Sci., 48, 2015 (1): 29-36
© 2015 NPPC
ISSN 1337-9984

NATIONAL AGRICULTURAL

AND FOOD CENTRE

RESEARCH INSTITUTE FOR AMNIMAL
PRODUCTION NITRA

N[P
12

EFFECT OF DIETARY COPPER ON PERFORMANCE,
SERUM AND EGG YOLK CHOLESTEROL AND COPPER
RESIDUES IN YOLK OF LAYING CHICKENS

A.V.JEGEDE,* A.O. OSSO, A.O. FAFIOLU, R.A. SOBAYO, O.M.O IDOWU, 0.0. ODUGUWA

*Federal University of Agriculture, Department of Animal Nutrition, Abeokuta, Nigeria

ABSTRACT

A 294-day study was conducted to determine the effects of organic and inorganic copper (Cu) sources on laying performance,
blood and yolk cholesterol and Cu accumulation in the yolk of laying hens. 480 Kabir® laying hens (20 weeks old) reared for 294
days in three phases (early, mid and late lay) were used. They were randomly allocated to six dietary groups of 80 birds split into
four replicates of 20 birds each The diets consisted of a basal diet (containing 37.24 mg kg!' Cu) supplemented with organic Cu
(Cu proteinate; Cu-P) or inorganic Cu (Cu sulphate pentahydrate; CuSO,) fed at 3 dietary concentrations (50, 100 and 150 mg kg™).
Data on laying performance, blood and yolk cholesterol and Cu accumulation in the yolk were collected and subjected to Completely
Randomized Design of the Analysis of Variance, laid out in 2 x 3 factorial arrangements. CuSO, supplementation resulted in poor
(P <0.05) feed conversion ratio (feed/dozen eggs and feed kg eggs™) and reduced (P <0.05) hen day egg production when compared
to Cu-P. High concentration of Cu resulted in reduced hen day egg production. No significant (P >0.05) effect of Cu sources
and concentration was observed for body weight, weight gain and daily feed intake. The blood cholesterol and triglyceride level
were significantly (P <0.05) reduced in birds fed diets with Cu-P. The blood cholesterol level decreased as the Cu concentration
increased. More Cu was accumulated in the yolk of birds fed Cu-P. The blood and yolk cholesterol levels were significantly lower
(P <0.05) in birds fed Cu-P than CuSO,. It was evident that Cu-P was more bioavailable than CuSO, owing to higher accumulation
of Cu in the yolk of the birds fed Cu-P. Cu-P at 50 mg kg is recommended in the diets for laying hen. A high level of Cu-P
(150 mg kg™ in laying hens’ diets was effective for cholesterol reduction in yolk and blood of experimental birds.

Keywords: blood; copper; chicken; cholesterol; performance; yolk

INTRODUCTION

Copper is a very important trace mineral required
for proper functioning of the central nervous, immune
and cardiovascular systems and in pigmentation of the
skin (Close, 1998). It is also an essential component of
several enzyme systems, such as cytochrome oxidase,
lysyl oxidase, ceruloplasmin and superoxide dismutase
(Klasing, 1998) and metalloenzymes which are important
for cellular respiration.

The Cu requirement of laying hen is unknown
(NRC, 1994). Dietary mineral supplementation in animal

diets has traditionally being achieved through the use of
inorganic sources such as sulphates, carbonates, chlorides
and oxides. These salts are broken down in the digestive
tract to form free ions which are absorbed. However, free
ions are very reactive and can form complexes with other
dietary molecules making them difficult to absorb or in
some cases unavailable for absorption and, therefore, of
little benefit to the animals (Close, 1998).

The experiments have shown that Cu regulates
cholesterol biosynthesis by reducing hepatic glutathione
concentration (Kimetal.,1992). Feeding pharmacological
level of Cu has been reported to play important roles in
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lipid metabolism (Bakalli et al., 1995; Chowdhury ef al.,
2004; Pesti and Bakalli, 1996, 1998). Metal-amino acid
chelates have also been reported to be more efficiently
absorbed from gut than those provided by inorganic salts
(Wedekind et al., 1994). Previous studies with broilers
showed considerably higher utilization of copper from
organic sources compared to copper sulphate (Jegede
et al., 2011). Copper proteinate was also reported to be
more effective in reducing plasma cholesterol in growing
pullets than copper sulphate (Jegede et al., 2012),
although the effect of supplemental Cu levels on egg-
yolk cholesterol of laying birds was reported in previous
experiments (Lien et al., 2004). Literature sources
reporting about effects of various forms of Cu (organic
and inorganic) on egg-yolk cholesterol and Cu residues
are scarce. This study, therefore, aims to investigate the
bioavailability and utilization of organic and inorganic
copper sources and their effects on laying performance,

Table: 1 Gross composition of experimental diets (g kg™)

blood and yolk cholesterol and copper residue in egg
yolk of laying hens.

MATERIALS AND METHODS

This study was carried out according to the
research ethics and guidelines of the College of Animal
Science and Livestock Production of the Federal
University of Agriculture, Abeokuta, Nigeria.

The research work was carried out at the
Poultry Unit of the Directorate of University Farms
(DUFARM), Federal University of Agriculture,
Alabata, Abeokuta, Nigeria (Latitude 7°13'49.46" N
and Longitude 3°26' 11.98" E). This area lies in the
tropical climate with an average rainfall of 1037 mm,
mean ambient temperature of about 34 °C and yearly
relative humidity of 82 % (Google Earth, 2010).

Ingredients Layers mash
Maize 440.00
Soybean meal 80.00
Groundnut cake 75.00
Fishmeal 20.00
Wheat oftal 270.00
Bone meal 40.00
Oyster shell 71.00
Common Salt 2.50
Premix (Cu free) 2.50
Methionine 2.00
Lysine 1.50
Total 1000.00
Determined Analysis

Dry matter 898.2
Crude protein 171.0
Crude fibre 58.8
Ether extract 78.8
Ash 934
*Energy ME (Kcal kg™) 2661.6
Basal Cu in the diet (mg kg™') 37.24

Vitamins / mineral premix (Godoye) based on 2.5 kg per ton; vit. A: 6000000 IU, vit. D: 400000 IU, vit E: 40000 mg, vit k,: 800 mg, vit B,:
2000 mg, vit B,: 6000 mg, vit. B: 5000 mg, vit B ,: 25 mg, Niacin: 80000 mg, Panthotenic Acid: 20000 mg, Folic Acid: 1000 mg, Biotin: 8 mg,
Manganese: 300000 mg, Iron: 80000 mg, Zinc: 20000 mg, Copper: Nill, cobalt: 80 mg, lodine: 400 mg, Selenium:40 mg, Choline: 2000 mg,
BTH: 25,000 mg Anticaking agent: 6,000 mg; *ME (Kcal kg') =37 x % CP + 81 x % EE + 35 x % NFE (Pauzenga, 1985)
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Abasal diet was formulated to contain 37.24 mg kg™!
Cu. Six experimental diets were subsequently formulated
ina?2 x 3 factorial arrangements of two sources of Cu salts
(CuSO,, Cu-P) supplemented at three levels of inclusion
(50, 100 and 150 mg kg') (Table 1). Supplemental Cu
salts were included in the basal diet to formulate the
experimental diets. Birds included into each group
were assigned to the respective experimental diets. The
diets were formulated to meet the nutrient requirements
of layers according to NRC recommendations (NRC,
1994) and nutrient requirements of poultry in the tropics
(Olomu, 1995).

A total of 480 twenty week-old Kabir® layers were
randomly allotted to six treatment groups of 80 birds
per group. Each treatment consisted of four replications
with 10 cages (2 birds per 30.5 x 40.6 cm wire cage)
and subjected to a photoperiod of 15 hours light and
9 hours darkness per day. Each group was randomly
allotted to one of the six dictary treatments ina 2 x 3
factorial arrangement. The birds were fed layers mash for
294 days (Early, Mid and Late laying periods). Feed and
water were supplied ad libitum.

The feed samples were dried at 65 °C for 36 h
in an oven and milled to pass through 1.0 mm sieve and
were analyzed for dry matter (DM), crude fibre (CF), ether
extract (EE) and total ash (AOAC, 1995). The nitrogen
content of feed samples was determined using the Kjeldahl
method and crude protein (CP) was determined by
multiplying the N value by 6.25. The metabolizable energy
(ME) of feed samples was calculated using the prediction
equation M. E. =37 x % CP + 81.8 x % EE + 35.5 x %
NFE (Pauzenga, 1985). The Cu content of the basal diet
was determined by igniting the feed sample at 400 °C
for 4 h in a muffle furnace. The ash was reconstituted
using wet-ashing procedure (James, 1996). Analysis of
Cu was done by using a Perkin-Elmer Optima 4300DV
ICP spectrophotometer (Perkin Elmer, Beaconsfield,
UK). Data on body weight, weight gain and feed intake
were collected weekly. Egg production was recorded daily.

Blood samples were obtained from the brachial
veins of the birds at the end of early lay (0-14 weeks in
lay), mid lay (15-28 weeks in lay) and late lay (29-42
weeks in lay). The blood at 2.5 ml was collected from
S birds per replicate (20 birds per treatment) into a tube
containing  Ethylene-diamine-tetra-acetate ~ (EDTA).
Plasma was separated from the blood samples by
centrifuging the whole blood samples at 3,000 rpm for
15 min into a test tube for plasma lipid analysis. The
cholesterol and triglyceride assays of the blood plasma
were done by enzymatic—colorimetric method using
a RandoxR diagnostic cholesterol kit (BIOLAB with
code 80106.2 x 100 ml cholesterol CHOD-PAPR) and
a RandoxR diagnostic triglyceride reagent procedure
(GPO-PAP Method Randox Laboratory Ltd., UK)
respectively (Allain ef al., 1974).

Forty eggs per treatment (10 eggs per replicate),
sampled at the end of each phase of the laying period,
were weighed and hard cooked by immersion into
boiling water for 10 minutes. The yolks were individually
weighed, dried at 65 °C for 36 hrs, pooled, blended
and digested using a modified wet-ashing procedure
(James, 1996). Ash was reconstituted in 4 ml of 1N HCI
solution and analyzed for copper via atomic absorption
spectrophotometry (Perkin-Elmer, Optima 4300DV ICP
spectrophotometer) at 324.7 nm (Chiou et al., 1998). Egg
total lipid was extracted with chloroform:methanol (2 : 1
v/v) from the dried yolk using the procedure described
by Folch et al. (1957). Cholesterol determination was
done using a commercial test kit for cholesterol analysis
(Sigma Chemical Co., St Louise, MO USA). Cholesterol
concentration was determined from absorbance read at
500 nm using a spectrophotometer. The data obtained
were subjected to completely randomized design of the
analysis of variance using the General Linear Models
procedure of SAS (SAS Institute, 2002), The experiment
was laid out in 2 x 3 factorial arrangement. Significant
differences were determined using Duncan’s multiple
range test at the level of P <0.05 (Duncan, 1955).
Each replicate was considered as an experimental unit.
The Research Animal Ethic Committee approved this
experimental protocol.

RESULTS AND DISCUSSION

The growth and production performance of laying
birds fed experimental diet is shown in Table 2. The feed/
kg egg and feed per dozen egg were significantly higher
(P <0.05) in birds fed diets containing CuSO, compared
to those fed Cu-P during the early lay period (0—14 weeks
in lay). At the mid (15-28 weeks) and late (29—42 weeks)
laying periods feed per dozen egg was significantly
higher (P <0.05) in birds fed diets containing CuSO,
compared to those fed Cu-P. The hen day egg production
was significantly (P <0.05) improved by feeding Cu-P
compared to CuSO, throughout the laying periods.
There was no significant effect of Cu sources on the
body weight, total weight gain and daily feed intake
of the birds throughout the laying period. The levels
of Cu concentration (Table 2) significantly (P <0.05)
influenced hen-day egg production. Birds fed diets
containing 50 mg kg' Cu concentration laid the highest
(P <0.05) number of eggs during the early laying period.
However, the birds fed diets containing 50 mg kg
and 100 mg kg' Cu concentration recorded higher
number of eggs laid compared to those fed 150 mg kg'!
Cu concentration during the mid laying period. No
significant effect (P >0.05) of Cu concentration on
hen day egg production was noticed during the late lay
period. The levels of Cu supplementation during 29-42
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weeks in lay significantly influenced the total weight
gain. The birds fed diets containing 100 mg kg' Cu
gained the highest (P <0.05) weight compared to those
fed 50 mg kg' and 150 mg kg Cu. Cu source x Cu
concentration did not influence (P >0.05) the growth
and production performance throughout the laying
period.

Table 3 shows the main effects of Cu sources
and Cu concentration on the Cu in yolk, and cholesterol
in yolk and blood and yolk triglyceride of laying
hens during 0-42 weeks in lay. During the early
and mid periods in lay, birds fed Cu-P had higher
(P <0.05) accumulation of Cu in the yolk compared
to those fed CuSO,. The yolk and blood cholesterol
and triglycerides measured were significantly higher
(P <0.05) in birds fed CuSO,. However, the effect of Cu
sources on blood cholesterol was not noticed during late
lay. The Cu content in yolk increased with increased
Cu concentrations in the birds fed 100 and 150 mg kg'!
Cu having significantly higher (P <0.05) Cu in the yolk
compared to those fed 50 mg kg' Cu. The values of
cholesterol in yolk and blood decreased as the levels of
Cu supplementation increased. The triglycerides were
not significantly (P >0.05) affected by Cu concentration
during early lay, but were significantly reduced (P <0.05)
as Cu concentration increased during mid and late lay.
The interaction of Cu source and Cu concentration
significantly influenced plasma triglycerides. Birds fed
diets containing 50 mg kg' CuSO, had the highest (P
<0.05) triglyceride value, while those fed 150 mg kg!
Cu-P had the least (P <0.05) value. Other parameters
measured were not significantly influenced (P >0.05)
by the interaction “Cu source x Cu concentration”
throughout the laying period.

The performance of the laying birds during
0-42 weeks in lay show that the sources of Cu in the
diet resulted in a significant variation in feed conversion
ratio and hen’s day egg production. This trend was
similar throughout the three phases (0-14, 15-28 and
2940 weeks of lay) representing early, mid and late
laying phases of the laying period, respectively. Less
feed was consumed by birds fed Cu-P to lay a kilogram
and a dozen egg compared to those fed CuSO,. This
suggests a better utilization of the diet containing the
former and its effectiveness in enhancing better egg
production. Idowu et al. (2006) reported a better feed
conversion ratio (feed consumed per dozen eggs) when
layers were fed diets supplemented with organic Cu. The
hen’s day egg production was higher in birds fed Cu-P
supplemented diets. The better feed consumption per kg
egg and per dozen eggs converted to a better hen day
egg production. Sheidder and Ceyland (1999) and Tucker
et al. (2003) noticed significant improvement in egg
production when laying hens diets were supplemented
with organic minerals. Tanika (2004) reported that the

addition of organic Cu increased egg production. Lim
and Paik (2006) reported a variable effect of organic Cu,
Zn and Mn on the egg production and egg quality. The
body weight, weight gain and feed intake of laying birds
were not influenced by Cu sources and Cu concentration
throughout the laying period.

Increase in Cu concentration over 50 mg kg!
during early lay and 100 mg kg! during mid lay
resulted in a decline in the egg production. Hen's day
egg production decreased with increased levels of Cu.
It is evident from this study, that high concentration of
Cu inhibited egg production. The decrease in the egg
production observed after feeding high Cu concentration
for 28 weeks was unexpected though consistent with the
results of Pearce et al. (1983) and Stevenson et al. (1983)
who reported a decreased egg production following Cu
supplementation in the diets of laying hens.

Moderately high levels of dietary copper seem
to reduce cholesterol levels in eggs and meat products,
although these effects are sometimes associated with
loss of performance (Leeson, 2009). Ankari ef al. (1998)
reported that the reduced egg cholesterol was at the
expense of 10 % reduction in the egg production when
feeding high levels of Cu. The results of Jackson (1977),
Thomas and Goatcher (1976) and Idowu et al. (2006) are
contrary to the result of this study. The beneficial effect
of additional Cu supplementation on egg production was
not evident after the mid laying period.

The higher concentration of Cu in yolk of birds
fed Cu-P suggests an increased bioavailability of Cu in
Cu-P compared to CuSO,. Organic Cu is reported to be
more bioavailable in the tissues and organs of broiler
chickens (Jegede et al, 2011) The yolk cholesterol,
blood cholesterol and triglyceride were significantly
lower in laying birds fed Cu-P diets compared to those
fed CuSO, diets throughout the laying period. Lien ef al.
(2004) reported a significant reduction in egg yolk and
serum cholesterol of laying birds fed supplemental Cu.
The significant reduction in yolk and blood cholesterol
by feeding Cu-P shows that proteinate form of Cu was
more effective in reducing cholesterol level than sulphate,
when fed to laying birds. This observation agreed with
the report of Idowu et al. (2006). Similar observation
was reported by Chromwell ef al. (1989), that sulphate
form of Cu resulted in higher yolk and serum cholesterol
level. Egg yolk cholesterol has been reported to be
synthesized in the liver of laying hens and transported
to the developing follicles via plasma very low density
lipoprotein (VLDL) where it is deposited by receptor
mediated endocytosis (Nimpt and Shneider, 1991). Cu in
yolk was increased as the level of Cu supplementation
increased. Similar trend was observed throughout the
laying phases. Yolk and blood cholesterol decreased
as Cu levels increased from 50-150 mg kg in each of
the laying phases. This indicated that dietary Cu intake
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reduced cholesterol concentration. It is possible that high
Cu concentration reduced hepatic glutathione through the
stimulation of the enzyme 3-hydroxyl-3-methylglutaryl
coenzyme reductase (Kim et al., 1992). The activity of
the enzyme is the rate-limiting step of mevalonate and
ultimately cholesterol biosynthesis (Valsala and Kurup,
1987). Eggs are rich source of dictary cholesterol and
consumption of high level of dietary cholesterol increases
the risk of coronary heart disease (CHD; Kritchevsky,
2004). Producing eggs low in cholesterol will be of great
interest to egg consumers and this can be better achieved
by supplementing the diets of laying birds with Cu-P.

CONCLUSION

More Cu was accumulated in the yolk of laying
hens fed Cu-P. The cholesterol content in the yolk and
blood of laying hens was reduced in birds fed Cu-P. The
overwhelming evidence in this study was that Cu-P® is
more bioavailable than CuSO, and it is more effective in
reducing blood and egg yolk cholesterol.
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ABSTRACT

Developmental incompetence of embryos constructed by somatic cell nuclear transfer is caused by insufficient reprogramming
of the transferred nucleus to a state equivalent to that of an early embryonic nucleus. Preceding studies have shown that the
transcription of DNA methyltransferase (DNMT) genes in mammalian oocytes and preimplantation embryos is a species-dependent
process and the incomplete DNA methylation correlates with the nuclear transfer failure rate in mammals. In the present study the
transcription of DNMT1 and DNMT3a genes in early embryonic stages of intergeneric nuclear transfer (iISCNT) embryos (bovine,
porcine) was detected by RT-PCR. Based on the diverse timing of major genome activation during embryonic development in
bovine and porcine embryos, the strong influence of the ooplasm on transferred somatic cell nucleus was expected. Despite the
presence of DNMT1 and DNMT3a mRNA of maternal origin, expression of somatic DNMT1 and DNMT3a genes was not detected
and the development of intergeneric embryos stopped at 4-cell stage. These results indicate that the species-specific epigenetic

reprogramming during early embryogenesis is strongly influenced by ooplasm environment.

Keywords: bovine embryos; porcine embryos; intergeneric nuclear transfer; DNMT1 and DMT3a gene expression

INTRODUCTION

During embryonic development different cells
and tissues gain different programs of gene expression.
It is thought that this is mainly regulated by epigenetic
modifications such as DNA methylation, histone tail
modifications and non-histone proteins that bind to
the chromatin (Bird, 2002; Li, 2002). For most cell
types in the body, these epigenetic marks become
fixed when the cells differentiate or exit the cell cycle.
In normal developmental situations, some cells may
undergo major epigenetic reprogramming, involving the
removal of epigenetic marks in the nucleus, followed by

establishment of a different set of marks (Rideaut et al.,
2001).

Epigenetic modifications occur during the
life cycle in two phases: during gametogenesis and
preimplantation development. Primordial germ cells
(PGCs) originate from somatic tissue and develop
into mature gametes over an extended period of time
(Morgan et al., 2005). Their genome undergoes DNA
demethylation in the embryo between E11.5 and E12.5,
including imprinted genes. Following demethylation,
the genomes of the gametes are de novo methylated
and acquire imprints; this process continues up to E18.5
in males and in maturing oocytes before ovulation in
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females (Saitou et al., 2012). After the fertilization the
next round of reprogramming begins and lasts during
the early embryonic development. The paternal genome
actively decreases its methylation level and its histones
absent some modifications of polypeptide tails in
comparison to histones in the maternal pronucleus. The
embryo genome is passively demethylated during early
cell cycles before blastulation. Despite this methylation
loss, imprinted genes maintain their methylation
through this preimplantation reprogramming. De novo
methylation roughly coincides with the differentiation of
the first two lineages of the blastocyst stage, and the inner
cell mass (ICM) is hypermethylated in comparison to
the trophectoderm (TE). These early lineages set up the
DNA methylation status of their somatic and placental
derivatives. Histone modifications may also reflect
this DNA methylation asymmetry. Particular classes
of sequences may not conform to the general genomic
pattern of reprogramming shown (Mann ef al., 2003).

DNA methylation critically depends
on the activity of specific enzymes, the DNA
methyltransferases (DNMTs). Five mammalian cytosine
DNA methyltransferases have been identified to date
(Bestor, 2000). DNA-methyltransferase 1 (DNMT1) is
a maintenance enzyme that is responsible for restoring
methylation of hemi-methylated CpG dinucleotides
after DNA replication (Bestor, 1992). An oocyte-specific
form, DNMTlo, is present at high concentrations in
mature oocytes and lasts during early zygotic stages.
Gene targeting experiments suggest that DNMT 1o has
a role in maintaining methylation marks at maternally
imprinted genes in mice (Howell ez al., 2001).

Additional types of the vertebrate cytosine
methyltransferase are DNMT3a and DNMT3b. These
enzymes catalyze de novo methylation and are thus
essential for establishing DNA methylation during
development (Okano ef al., 1998).

The aim of this study was to detect the expression
of DNMT1 and DNTM3a genes at different stages of
embryonic development of bovine vs. porcine intergeneric
nuclear transfer (iISCNT) embryos and compare these
results with expression in parthenogenetically activated
porcine and bovine oocytes. The influence of different
ooplasm environment on DNMT1 and DNMT3a genes
expression was expected.

MATERIAL AND METHODS

Qocyte recovery and in vitro maturation

Bovine cumulus-oocyte complexes (COCs)
were isolated by ovarian slicing from slaughtered cattle
of different origin. Selected COCs were matured in
vitro in tissue culture medium 199 (TCM 199; Sigma-
Aldrich, Germany) containing L-glutamine and 25 mM

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) (Sigma, St. Louis, MO, USA) supplemented
with 22 mg mL' pyruvate, 2.2 mg mL"' NaHCO,,
50 mg mL! gentamicin, 10 IU mL"! eCG, and 5 TU mL"!
of hCG (Suigonan, Intervet, Tonisvorst, Germany).
Oocytes were in vitro matured in 100 ml droplets of
maturation medium under silicone oil for 19 h at 39 °C
and 5 % CO, in humidified atmosphere. After maturation,
cumulus cells were completely removed by vortexing
with 0.1 % hyaluronidase in phosphate-buffered saline
(PBS). MII oocytes were chosen for further experiments.
Ovaries from pre-pubertal gilts were collected
from local abattoirs. Oocytes with at least three complete
layers of cumulus cells were collected and matured in
vitro for 40 h (Holker et al., 2005). Then, matured oocytes
were transferred to TL-HEPES supplemented with 0.1 %
hyaluronidase and incubated for 5 min. Cumulus cells
were removed by repeated pipetting. Denuded oocytes
were transferred to Tyrode’s lactate HEPES (TL HEPES)
(Sigma, St. Louis, MO, USA) covered with mineral oil
(Silicone fluid DC200, Serva Biochemica, Heidelberg).

iSCNT and parthenogenetic activation

For production of nuclear transfer embryos the
MII oocytes were placed into TCM 199 medium enriched
with gentamicin, Na-pyruvat, NaHCO, and BSA (TCM-
air) containing 5 mg mL"' Hoechst 33342 and 7.5 mg
mL! cytochalasin B for 8 min.

The oocytes were enucleated by aspirating the
first polar body and the MII plate. A single fibroblast was
transferred into the perivitelline space of the recipient
enucleated oocyte. Oocyte-fibroblast cell couplets were
electrically fused in a 0.285 mM mannitol-based medium
containing 0.1 mM MgSO, and 0.05 bovine serum
albumin (BSA) with Multipolator® machine (Eppendorf
AG, Germany). Fused cell hybrids (iSCNT) and intact
oocytes (parthenogenetic activation) were chemically
activated by 5 uM ionomycin. After activation, the
embryos were washed and cultured in 30 ml droplets
of synthetic oviduct fluid medium supplemented with
amino acids and BSA (SOFaa; Sigma-Aldrich, Germany)
supplemented with 0.4 % BSA at 39 °Cin 5 % O,, 5 %
CO, and 90 % N, in modular incubation chambers. The
embryos were collected at 2-, 4-, 8- and 16-cell stages for
further processing.

RNA extraction and RT-PCR

Total RNA was extracted from pools (triplicates)
of 10 embryos each at 2-cell, 4-cell, 8-cell and 16-cell
stages from i1SCNT/parthenogenetic embryos using
Dynabeads® mRNA DIRECT™ kit (Life Technologies,
USA). Subsequently, RT was carried out in total volume
of 20 pl using 2.5 uM random hexamers. The species-
specific primers for DNMT1 and DNMT3a genes
were designed for determination of de novo synthesis
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Table 1: Species specific primer sequences designed for detection of DNMT1 and DNMT3a genes expression

in bovine and porcine embryos

Gene Sequence (5°-3") Length
bDNMT1 F-ACCGAGTGCTTGCAGTACCT R-GCTGAGGCAAATCCTCGTAA 154 bp
bDNMT3a F-CAAAGCAGCTGACGATGAAC R-GCAGGACCTCGTAGATAGCC 296 bp
pDNMT1 F-AGTGCGTTCAGTGTGGACAG R-CGGTCAGTTTGTGTTGGAGA 171 bp
pDNMT3a F-CAGTACGACGATGACGGCTA R-GTCAAATTCCTGGTCGTGGT 276 bp

b — bovine specific, p — porcine specific

of epigenetic enzymes (Tab. 1). As positive controls,
porcine and bovine parthenogenetic embryos were used.

RESULTS AND DISCUSSION

All the pools were done in triplicate and contained
iSCNT embryos (n = 10). The species-specific primers

bDNMT1 pDNMT1

Er————

L 2<ell d<ell noRT noRNA blum pFib  2-cell M:pﬁb bTum

i § .

L

porcine parthenogenetic

pDNMT1
2-cell 4-cell 8-cell 16-cell noRT no RNA pTum

—— — — -171bp

C

- o= am 1710

for DNMT1 and DNMT3a genes were designed for
determination of de novo synthesis of epigenetic enzymes.
Gene transcription for bovine DNMT1 (bDNMT1) and
DNMT3a (bDNMT3a) was not observed in 2- and 4-cell
stage embryos generated by bovine fibroblast transfer
into the porcine ooplasm, however, positive results were
obtained by using primers for pig DNMT1 (pDNMT1)
and DNMT3a (pDNMT3a) (Fig. 1A, B). As positive

bDNMT3a pDNMT3a
L  2-cell 4cell noRT noRNA bTum pFib 2-cell 4-cell pFib bTum

B s 276D

porcine parthenogenetic

bTum — bovine tumour cells (control of primer specificity), pFib — porcine fibroblasts (control of primer specificity), pTum — porcine tumour
cells (control of primer specificity), noRT — no reverse transcriptase in mastermix (negative PCR control), no RNA —no RNA in mastermix

(negative PCR control), L — 100 bp DNA ladder (Abnova, Germany)

Fig. 1: (A-B) bovine DNMT1 (bDNMT1) (A) and bovine DNMT3a (bDNMT3a) (B) gene expression in
comparison with porcine DNMT1 (pDNMT1) (A) and porcine DNMT3a (pDNMT3a) (B) in iSCNT
embryos constructed by injecting the bovine fibroblast into the porcine oocyte indicates the lack of de
novo transcription of bovine-specific epigenetic enzymes. (C-D) porcine DNMT1 (pDNMT1) (C) and
porcine DNMT3a (pDNMT3a) (D) gene expression in porcine embryos after parthenogenetic activation
indicates the presence of porcine-specific transcripts of epigenetic enzymes from 2-cell to 16-cell stage
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bDNMT1 pDNMT1
L 2<ell 4<ell noRTnoRNA bTum pFib 2cell dcell pFib bTum

~ 154bp

bovine parthenogenetic

_bDNMT1
2cell 4cell 8cell 16<cell L noRT no RNAbTum

154bp

bDNMT3a pDNMT3a
L 2<ell 4-cell noRTnoRNA bTum pFib 2-cell 4-cell pFib bTum

e 206bD

bovine parthenogenetic

296bp

D,‘

bTum — bovine tumour cells (control of primer specificity), pFib — porcine fibroblasts (control of primer specificity),
noRT — no reverse transcriptase in mastermix (negative PCR control), no RNA — no RNA in mastermix (negative PCR control),

L — 100 bp DNA ladder (Abnova, Germany)

Fig. 2: (A-B) bovine DNMT1 (bDNMT1) (A) and bovine DNMT3a (bDNMT3a) (B) gene expression in
comparison with pig DNMT1 (pDNMT1) (A) and pig DNMT3a (pDNMT3a) (B) in iSCNT embryos
constructed by injecting the porcine fibroblast into the bovine oocyte indicates the lack of de novo
transcription of porcine-specific epigenetic enzymes. (C-D) bovine DNMT1 (pDNMT1) (C) and bovine
DNMT3a (pDNMT3a) (D) gene expression in bovine embryos after parthenogenetic activation indicates
the presence of bovine-specific transcripts of epigenetic enzymes from 2-cell to 16-cell stage

controls, porcine parthenogenetic embryos were used
(Fig. 1C, D).

In the 2- and 4-cell stage embryos constructed
using porcine fibroblast and bovine ooplasm only
the bovine specific primers (bDNMTI1, bDNMT3a)
showed positive signals (Fig. 2A, B). Based on the
different timing of major genome activation during the
embryonic development in bovine and porcine embryos,
the strong influence of ooplasm on introduced fibroblast
was expected. Despite the mRNA presence of DNMT1
and DNMT3a enzyme of the oocyte origin, de novo
transcription of somatic DNMT1 and DNMT3a genes
was not detected and iISCNT embryos did not develop
beyond the 4-cell stage. In parthenogenetic embryos,
the continuous supplementation of epigenetic enzyme
transcripts is maintained by the major genome activation
including the expression of DNMT1 and DNMT3a genes
(Fig. 2C, Fig. 2D).

DNA methyltransferase 1 (DNMT1) is very
intensively studied DNA methyltransferase and is

thought to be responsible for maintaining the methylation
patterns following the DNA replication (Dean et al.,
1998). DNMT3a and DNMT3b are responsible for de
novo DNA methylation (Okano et al., 1999). Previous
studies have shown species-dependent expression
patterns of DNMT genes in mammalian oocytes and
preimplantation embryos (Vassena et al., 2005) and also
a correlation between incomplete DNA methylation and
the lack of NT success in mammals (Dean et al., 2001;
Bortvin et al., 2003). DNMT1 and DNMT3a mRNA in
cattle were detected continuously from the 2-cell stage
to the blastocyst stage produced in vitro (Golding and
Westhusin, 2003), but the relative abundance of the
Dnmtl transcript significantly varied between in vivo
and in vitro produced bovine embryos, with in vivo
produced embryos expressing significantly less DNMT1
(Wrenzycki et al., 2001). Similarly, a significant increase
in DNMT1 expression at the 8-cell stage was reported in
porcine fibrillar sphere NT embryos compared with either
in vivo produced or fetal porcine skin originated sphere
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stem cell NT embryos (Zhu et al., 2004). Comparing I[VF
and in vivo derived embryos, the relative abundance of
DNMT]1 transcript was significantly increased in NT
embryos and only a low level of DNMT]1 transcription
was found for in vivo derived embryos (Kumar et al.,
2007). DNMT3a mRNA was expressed at all stages
analyzed with a significant increase in abundance
between the 8-cell and morula to blastocyst stages which
coincides with initiation of cell differentiation processes.

Intergeneric SCNT has been considered as a very
effective technique for studying the influence of the
ooplasm on epigenetic reprogramming of introduced
genome which subsequently leads to different aberrations
during the embryogenesis. Therefore, the production of
live offspring from intergeneric embryos has not been
reported, and embryonic development beyond the stage
of major embryonic genome activation is significantly
hindered (Qstrup et al, 2011). Remodeling and
reprogramming of the transferred genome is essential for
successful embryonic development following SCNT.

The presented study is focused on the influence
of different ooplasms (porcine and bovine) on the
activation of de novo synthesis of DNMTI1 and
DNMT3a mRNA. It is already known that the matured
mammalian oocytes are equipped with efficient amount
of epigenetic enzymes and their transcripts required for
initial epigenetic processes during early embryogenesis
(Vassena et al., 2005). However, these enzymatic
supplies are not sufficient for complete reprogramming
of transferred nuclei during SCNT, what results in
embryonic development breakdown. The low efficiency
of NT seems to be related to the inability of a somatic
nucleus to undergo the normal changes in methylation
as indicated by increased levels of DNMTI1 or to the
lack of de novo methylation triggered by low DNMT3a
expression (Kumar et al., 2007). To distinguish the
source of epigenetic enzymes (ooplasmic and de novo
synthesized) intergeneric nuclear transfer (pig vs.
bovine and vice versa) was applied in combination with
species-specific RT-PCR primers detecting DNMTI
and DNMT3a transcription. Our results significantly
show the incompetence of introduced somatic nucleus to
initiate and establish the continual expression of observed
genes in the environment of ooplasm of different origin.
This malfunction has led to embryonic development
breakdown at the 4-cell stage.

CONCLUSION

Our results strongly indicate species-dependent
and maternally controlled regulation of epigenetic
reprogramming during early embryogenesis and
importance of epigenetic enzymes in proper embryonic
development.
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ABSTRACT

The aim of the present study was to evaluate the effect of different concentrations of Curcuma longa plant additive to the diet on
the weight gain of rabbit does. Rabbit females (n = 45) of New Zealand White breed of the same age (2 months) were used in the
experiment. Rabbit does in the control group (C; n = 15) were fed a commercially available feed. In the experimental groups 5 g
(E1; n=15) and 20 g (E2; n = 15) of Curcuma longa dried powder was added to 100 kg feed mixture. The highest average weight
gain per week was observed in the first experimental group (E1; 235.7 +22.35 g) when compared to the control (C; 216.2 £ 25.59 g)
and the second experimental (E2; 220.5 + 31.94 g) groups. The highest total average weight gain of rabbit does was observed in
the E1 (2103.3 + 63.22 g) compared to the second (E2, 2045 + 84.36 g) and control (C, 1950 + 126.88 g) groups. In conclusion,
supplementation of Curcuma longa plant powder to the commercially diet for rabbit positively affected weight gains in rabbit does.
Therefore, to improve growth performance, further studies are required to define an optimal supplementation of Curcuma longa to

the rabbit diet.

Keywords: rabbit does; Curcuma longa; weight gain

INTRODUCTION

In the last years, rabbit production on the
commercial level acquired increasing interest due to their
prolificacy, rapid growth rate and meat yields (Savietto et
al., 2015; Minguez, 2014; Ricke ef al., 2012; Gondret et
al., 2005).

More suitable composition of feed mixture
or administration of natural additives at a suitable
concentration might be beneficial in livestock farming
without negative effect on the environment and the
animal as an individual (Wareth et al., 2014; Githiori et
al., 2003; Amber et al., 2004; Namkung ef al., 2004).

Positive effect of biologically active substances
and extracts from Acacia saligna (Tamir and Asefa,
2009), Morus australis (Wu et al., 2013), Yucca
schidigera (FoldeSiova et al., 2013), Agave tequilana
(Sayago-Ayerdi et al., 2014), Saposhnikovia divaricata,
Lonicera japonica, Chelidonium majus (Park et al.,
2014) a. 0. on weight gain were observed in lambs, mice,
rabbits, rats and broilers.

Curcuma longa Linn, a member of Zingiberaceae
family, commonly known as turmeric, originate in
tropical and subtropical regions of India and China.
Medicinal properties of Curcuma longa have been
attributed primarily to curcuminoids, which are located
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in the plant rhizome. Curcumin (diferuloylmethane) is
the most important fraction of Curcuma longa (Aratjo
and Leon, 2001). Polyphenol curcumin, extracted from
dried rhizomes of the plant, acts through inhibition of
mitogen-activated protein kinases (Jeon et al., 2013).
Although turmeric is consumed every day in Asian
countries, no toxic effect on the health of population was
found (Ammon and Wahl, 1991).

Beneficial effects of curcuma on the animal
liver protection (Deshpande et al., 1998), treatment
of the human diabetes (Eshrat and Hussain, 2002),
steroidogenesis, proliferation and apoptosis in porcine
ovaries (Kadasi et al., 2012) were found.

In particular, yellow rhizome, containing
curcumin, is used to treat digestive, neuropsychiatric
diseases (Mei et al., 2011) and osteoarthritis in
combination with a ginger (Low Dog, 2006).

Furthermore, the plant has also been shown to
possess high antioxidant (Maheshwari et al., 2006;
Wojdyto et al., 2007) anticarcinogenic (Hatcher et
al., 2008), antibacterial (De et al., 2009) and anti-
inflammatory (Jurenka, 2009) effect.

The objective of this study was to evaluate the
effect of different concentrations of Curcuma longa dried
powder as an additive to the diet on the average weight
gain (g) per week and the total average weight gain of the
rabbit does.

MATERIAL AND METHODS

Animals

Two months old clinically healthy rabbit does of
the New Zealand White line (NAFC Nitra, SR) were used
in this experiment. The animals were housed in individual
cages, under a constant photoperiod of 14 hours of light
day, average relative humidity 60 + 5 % and temperature
17 + 3 °C. The rabbits were fed ad libitum and water was
provided ad libitum with nipple drinkers.

Rabbit does (n = 45) were divided into three
groups: control (C; n = 15) and two experimental groups
(E1; n = 15 and E2; n = 15). The does in the control
group were fed a commercially available complete
feed mixture. In experimental groups the complete feed
mixture was enriched with Curcuma longa dried powder
at the concentrations of 5 g (E1) and 20 g (E2) per 100
kg. The animals were fed for 63 days (9 weeks) and
weighted weekly.

The treatment of the animals was approved by
the Ministry of Agriculture and Rural Development of
the Slovak Republic, no. SK P 28004 and Ro 1488/06-
221/3a.

Statistical analysis
The data were analysed by the t-test using Sigma
Plot statistical package (Systat Software Inc., Germany).

RESULTS AND DISCUSSION

In our study we tested effect of the addition of
Curcuma longa dried powder to the complete feed
mixture on the average weight gain (g) per week and the
total average weight gain (g) of rabbit does.

The highest average weight gain of rabbit does
per week (g) was found in the first experimental group
(E1; 235.7 + 22.35) when compared to the control (C;
216.2 + 25.59) and the second experimental group (E2;
220.5 +31.94) (Table 1).

Total average weight gain (g) was higher in the
first experimental group (E1; 2103.3 + 63.22) compared
to the second (E2; 2045 + 84.36) and control (C; 1950 +
126.88) groups (Table 2, Figure 1).

In accordance to Holder et al. (1978) we suggest
that slightly lower weight gain in the second experimental
group compared to the first experimental group might
be due to the higher concentration of Curcuma longa in
feed mixture, which can cause poor absorption from the
intestine.

In our study, we found that the addition of both
concentrations (5 g and 20 g kg diet) of Curcuma longa
dried powder into rabbit complete feed mixture had
a positive effect on average weight gain per week and
total average weight gain of analysed rabbit does.

Positive effect of Curcuma longa powder to the
diet was also found in broiler chickens. Higher weight
gain was observed in the birds fed the diet containing
Curcuma longa at level of 0.5 %, compared to the birds
receiving 0.25 %, 1 % and control birds (Al-Sultan, 2003).
Osava et al., (1995) and Al-Sultan (2003) attributed
the increase in the body weight gain to the antioxidant
activity of Curcuma longa.

Moreover, Durrani et al. (2006) reported
significantly positive effect of curcuma at the level
of 0.5 % on weight gain of birds. It was also shown,
that curcumin added to the diet of kids during the
hot summer months significantly improved the final
live body weight and average daily body gain of kids
compared to the control (Habeeband and Tarabany,
2012). On the other hand, similarly to our results no
significant effect of the supplementation of curcuma
powder in the broiler rabbit (Basavaraj et al., 2010)
and in the broiler chicks feed a mixture (Mehala and
Moorthy, 2008) were reported.
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Fig. 1: Total average weight gain (g) of analysed rabbit does fed with Curcuma longa dried plant added into

complete feed mixture

CONCLUSION

The supplementation of Curcuma longa plant
powder to the commercially available diet for rabbits
positively affects weight gains in rabbit does. Therefore,
for improving growth performance, further studies
are required to define an optimal supplementation of
Curcuma longa to the rabbit diet.
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