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Abstract

The present study examines the growth of lambs of the Ile-de-France breed from birth to weaning (at 70 days old). The
research involves 1662 lambs born in the period 2017-2018. The animals are bred under similar technological
conditions in three farms located in Northern Bulgaria which are controlled by the lle-de-France Breeders Association
in Bulgaria (AILFB). It has been ascertained that the male lambs are born with an average live weight of 4.531 + 0.042
kg, they reach 14.90 + 0.078 kg at 30 days old, and 27.31 + 0.155 at 70 days old, while the female lambs - 4.462 +
0.043, 14.74 £ 0.085, and 27.56 + 0.158, respectively. The gender is not a reliable source of variation regarding this
parameter. The farm, year, season and month of birth, father and mother factors have a complex interrelationship but,
as a whole, the farm and the father are the factors which influence significantly the live weight of lambs at birth and
their growth until 70 days old. It has been established that it is possible the growth of lambs to be regulated by
modelling the genetic and environmental factors influencing it.

Key words: growth until weaning; lambs; lle-de-France.

INTRODUCTION France breed are studied by plenty of authors

) o (Achkakanova et al., 2019; Dimitrov, 1991;
Ile de France breed is a specialized French Dimitrov et al, 2011; Ivanova et al, 2017,

meat breed. The breed formation process was Metodiev et al., 2010; Raychev et al., 2010).
Stal”_[ed by Prqfessor Auguste Yart of the  The possibility for crossbreeding with Bulgarian
National Veterinary College Maisons-Alfort,  preeds and improvement of their meat qualities
France in 1824. _ _ as well as the economic efficiency of the
The breed was acknowledged in 1920 and is  preeding are also of research interest (Dimitrov,
given the name Ile-de-France. Currently, the 1988; Marinova, 1976; Slavov, 2007).

breed is reared in 51 countries (INSEM OVIN, 1 the recent years there has been an increased
2020) on all gontinents. According to data of  jjterest in the Ile-de-France sheep breed in
France Genétique Elevage (2020), 210,000 Bulgaria. Deeper and up-to-date studies are
sheep of the Ile-de-France breed are reared in therefore necessary for the purpose of

France. ) maintaining the parameters of the main
The first import of the Ile-de-France breed in  productive features in compliance with the

Bulgaria was performed in 1968. The major  gejection program for breeding the Ile-de-
purpose of the studies during the initial years France in Bulgaria (Dimitrov et al., 2016).

was ascertainment of the acclimatization and  The aim of the present study is to ascertain the
productive characteristics of the breed and the growth of the lambs of the Ile-de-France breed
opportunities for crossbreeding with the breeds (il weaning and the influence of basic genetic
reared in the country. and paratypical factors on it.

The Ile-de-France breed successfully adapts

and has therefore been bred under extended MATERIALS AND METHODS
reproduction for more than 50 years, being the

major specialized meat breed in Bulgaria. The study was carried out in 3 farms rearing
According to data of the lle-de-France Breeders  pyre-preed sheep of the Ile-de-France breed.
Association in Bulgaria (AILFB), in 2019 the  Tpe farmg are situated in Northern Bulgaria.

livestock  population was 6,853 full-bred  Tpe animals in Farms Ne 1 and Ne 2 are both
animals and around 2,500 cross-breeds. shed and pasture reared. During the shed

The population state, the animals growth and  herjod, silage feeds are also added to the main
the factors influencing it regarding the Ile-de- 3



ration in Farm Ne 1. Both farms practise natural
mating of groups of 30-35 female animals with
1 main ram and 1 substitute ram.

The flock in the first farm is separated into two
groups where the first group mates in the
period April - May, and the second one -
August - September. The mating in the second
farm is performed in the period April - May.
The animals in Farm Ne 3 are entirely shed-
bred with coarse feed from feeding crib. The
flock is divided into two groups where the first
group are inseminated in the spring and the
second one - in the autumn.

Hormonal oestrus synchronization and hand
service are used. Again, the sheep are separated
into groups but 1 ram is used for a group of 5
sheep. In 2018, laparoscopic artificial
insemination with frozen semen from elite rams
was performed in Farms 1 and 3 to,
respectively 50 and 100 animals.

The pellets are purchased from “Artificial
Insemination and Ram testing Station” in
France. Five and respectively ten brood rams of
different lineage were used in the first farm and
the second farm.

The study involves 1,662 lambs - 851 male and
811 female ones born in 2017 (n - 783) and
2018 (n - 879).

In compliance with the technology used, the
ewes generally yean in the autumn (n - 1042),
in September (n - 406), October (n - 613),
November (n - 23) and the winter (n - 480) - in
January (n - 358) and February (n - 122). 140
are the lambs born in the spring - in April (n -
45) and May (n - 95).

According to the Instruction on the Control of
the productive qualities and valuation, endorsed
in the Selection program for breeding the Ile-
de-France in Bulgaria (Dimitrov et al., 2016),
the lambs are weighed at birth, at 30 days old,
and at 70 days upon weaning.

The data are processed via one-way (M1) and
multi- factor analysis of variance whose models
are the following:
Y=p+Yi+Mj+Fk+SXI+YMij+YFik+Y Sil+MFj
k+MSXjI+FSXkl+YMFijk+YMSXijl+YFSXik
+MFSXjkl+YMFSXijkl+eijkl (M2),
Y=p+Yi+SZm+Fk+SXI+YSZim+YFik+YSXil
+SZFmk+SZSXml+FSXkl+YFSXikl+SZFSX
mkl+eimkl (M3),
Y=p+SRn+MDo+Fk+SXI+FSXkI+SXSRIn+ej
kln (M4),
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Where: Y, M, F, SX, SZ, SR, MD are fixed
effects of, respectively i - year of birth, j -
month of birth, k - farm, I - gender, m - season
of birth, n - father and o - mother; YM, Y**,
M** F** S7** SXSR - are random effects of
interaction between the respective factors.

The statistical processing is performed via
SPSS 21.

RESULTS AND DISCUSSIONS

The lambs from the population examined by us
were born with an average live weight of 4.497
+ 0.030 kg, and the male lambs were 1.5%
heavier than the female ones (Table 1),
however, the difference is unreliable (Table 2).
The variation is in a relatively wide range of
27.0% for the male and 27.9% for the female
lambs. Upon studying the population in a
previous period, Achkakanova and Staykova
(2019) ascertained similar live weight at birth
of female lambs - 4.564 kg, which comes to
prove that this parameter is stable around that
level.

Table 1. Ile-de-France breed live weight at birth,
at 30 days old and 70 days old

Age Gender Mean Std. Er. | Std. Dev.
. Male | 4531 | 0.042 1225
Atbirth | ale | 4462 | 0.043 1247
30 days | Male | 1490 [ 0078 | 2271
Female | 1474 | 0.085 2.424
70 days | Male | 2731 [ 0155 | 4508
Female | 27.56 | 0.158 | 4514

Of all paratypical factors examined by us, the
farm is the only one having reliable influence
on the live weight of lambs at birth (P < 0.001)
with an average live weight difference between
the different farms from 1.52 to 19.5% (Table
3). There was also a reliable difference in the
live weight of the lambs, reared in the different
farms, which were born in one and the same
month (P <0.01).

Our study corroborates the influence of the
farm ascertained by Achkakanova and
Staykova (2019), but does not take into account
the influence of the year of birth on the live
weight at birth of lambs of the Ile-de-France
breed and their growth during the next periods.
Considerable influence of the year on the live
weight at birth and the growth until weaning is



also ascertained by Dimitrov (1978), Dimitrov
et al. (1982).

The factors year of birth, month of birth and
farm, however, probably have varied impact on
the live weight at birth as, within the year, the
reliable effect of the “farm” factor turns pale
(Table 2).

Similar interactions to those mentioned above
are also observed when the months are grouped
into seasons. Like the month of birth, the
season does not affect the live weight of lambs
upon birth on its own, but the farm is a reliable
source of variation within the season. The
interaction farm*season*year of birth is close
to the interaction farm*month of birth*year of
birth- within the year and the season, the farms
are not a reliable source of variation in the live
weight at birth.

Along with the farm, the father also
considerably affects (P < 0.05) the live weight
at birth (Table 4). The same analysis model
indicates differences (P < 0.01) between the
genders, however, the male and female lambs
in the separate farms have not appreciably
differed in their live weight at birth. The fathers
have not exhibited reliable influence within the
different genders which shows that the father
influences the size of lambs in general.
Achkakanova and Staykova (2019) have
ascertained the influence of the farms on the
live weight at birth as well as at all other ages
examined.

Along with the reliable difference at birth, the
lambs from the different farms also varied in
their growth until weaning. The lambs with
biggest live weight at birth also had the biggest
live weight at 30 days old (Farm Ne 3). The
difference with the other two farms where the
live weight at birth is similar is 27.2 and
33.0%. In the second farm, there is a relative
slowdown in growth around 30 days old which
is compensated in the next period until
weaning. The difference with the farm with
biggest live weight of lambs at birth, however,
is not compensated and even increases to
38.8%.

Dimitrov et al. (1982) and Ivanova et al. (2017)
report bigger average live weight at birth, but
the values at the other ages are lower, i.e. just
like we observed in the second farm, there is a
certain slowdown in the growth around day 30
which is compensated until weaning.
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The results of Raycheva et al. (200%) are
similar - lower live weight at birth (4.370 kg),
at 30 days old (11.826 kg) and at 70 days old
(20.750 kg), whereas Laleva et al. (2006)
publishes data indicating even lower average
weight at birth - 3.570 kg but the results
regarding the other ages are close to those of
Raycheva et al. (2005).

Dimitrov (1978) specifies slightly lower values
of the parameter examined at birth and at 1
month old with reference to the lambs of
introduced mothers, and results close to ours
with reference to the lambs of ewes born and
reared in Bulgaria. Achkakanova and Staykova
(2019) report observations performed and
results gained regarding the live weight
parameter as follows- the live weight of lambs
of the Ile-de-France breed at birth is 4.457 kg,
at 30 days old 15.164, at 70 days old - 23.736
kg, at 9 months - 54.761 kg and at 24 months -
70.939 kg. The results we obtained in the
present study on the ascertainment of the
growth of lambs of the Ile-de-France breed
from birth to weaning are also close to those
announced in the Ile-de-France Breeders
Association in Bulgaria (AILFB) report for
2018 in which results of the entire population
reared in Bulgaria are presented. During all
periods examined, the “farm” factor keeps its
reliable influence on the live weight of the
lambs. Certain differences are also noticed in
the growth of the lambs from the two genders
born in different months but, as a whole, the
gender is not a reliable source of variation of
the growth.

A range of specific interactions have a
considerable effect on the weight at weaning:
the farm within the month and year of birth
(P <0.05), the gender within the farms and the
year of birth (P < 0.05), the gender within the
scope of the farm, month and year of birth
(P <0.05).

Upon grouping the months into seasons, the
specific effects disappear which shows that,
upon specifying the breeding value, the factors
farm, year and month of birth should be
included in the linear models.

The descendants of the different stock-breeding
farms differ considerably both in their live
weight at birth and in their growth and weight
upon weaning.



Table 2. Influence of major paratypical factors on the live weight at birth and the growth of lambs of the Ile-de-France
breed until weaning

Age
Model Factor At birth 30 days 70 days
F Sig. F Sig. F Sig.
M1 gender 1.287 0.257 1.861 0.173 1.276 0.259
year of birth 0.323 0.570 0.000 0.996 2.884 0.090
month of birth 0.652 0.753 1.528 0.132 0.537 0.848
farm 9.958 0.000 137.764 0.000 324.704 0.000
gender 1.084 0.298 1.527 0.217 0.003 0.956
year * month 0.718 0.541 1.336 0.261 1.823 0.141
year * farm 1.280 0.278 15.296 0.000 0.249 0.780
year * gender 0.529 0.467 4.245 0.040 0.735 0.391
M2 month * farm 6.291 0.000 5.929 0.000 5.570 0.000
month * gender 1.511 0.159 2.147 0.036 2.030 0.048
farm * gender 0.229 0.795 0.364 0.695 0.813 0.444
year * month * farm 0.136 0.713 0.968 0.325 4.794 0.029
year * month * gender 1.224 0.269 7.090 0.008 3.369 0.067
year * farm* gender 1.119 0.327 0.497 0.608 3.188 0.042
month * farms * gender 1.590 0.123 1.515 0.147 1.806 0.072
year * month * farm * 3.330 0.068 0.255 0.613 6.271 0.012
gender
Year of birth 0.001 0.982 0.012 0.914 0.023 0.880
Season of birth 0.290 0.748 1.497 0.224 0.798 0.450
Farm 43.835 0.000 692.576 0.000 1541.587 0.000
Gender 0.068 0.795 0.000 0.988 1.020 0.313
year * season 0.003 0.957 0.615 0.433 0.005 0.944
year * farm 0.444 0.642 16.718 0.000 4.001 0.018
W year * gender 0.337 0.562 4.884 0.027 1.314 0.252
season * farm 18.936 0.000 11.347 0.000 2.588 0.052
season * gender 0.447 0.639 2.816 0.060 0.918 0.400
farm * gender 0.122 0.885 0.711 0.491 0.516 0.597
year * farm * gender 0.216 0.806 3.241 0.039 0.594 0.552
season * farm* gender 1.324 0.265 1.637 0.179 0.057 0.982
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Table 3. Live weight at birth and growth of lambs of the Ile-de-France breed until weaning in different farms

Farm
Age gender
1 (36) 2 (46) 337
male 4.360 1.286 4.421 1.012 5.241 1.186
At birth female 4.299 1.352 4.361 0.858 5.110 1.221
Total 4.329 1.320 4.395 0.947 5.175 1.203
male 14.41 1.500 13.91 1.639 18.26 2.138
30 days female 14.25 1.663 13.44 1.577 18.21 2.280
Total 14.33 1.587 13.71 1.627 18.23 2.207
male 25.69 2.691 25.44 2.620 35.67 2.301
70 days female 25.68 2.327 26.01 2.863 35.64 2.168
Total 25.69 2.509 25.69 2.741 35.65 2.231
Table 4. Influence of the mother and the father on the live weight at birth and the growth of lambs
of the Ile-de-France breed until weaning (Model 4)
Age
Factor At birth 30 days 70 days
F Sig. F Sig. F Sig.
Farm 6.329 | 0.012 118.699 | 0.000 | 343.810 | 0.000
Gender 7.534 | 0.006 0.549 0.459 0.014 0.908
Father 1.442 | 0.021 2.486 0.000 1.438 0.021
Mother 1.223 | 0.269 4.546 0.033 1.937 0.164
farm * gender | 0.128 | 0.720 3.033 0.082 0.007 0.932
gender * father | 0.841 | 0.770 1.033 0.413 0.803 0.828
CONCLUSIONS The farm year season and month of birth father

The male lambs of the Ile-de-France breed
reared in flocks in Northern Bulgaria are born
with an average live weight of 4.531 + 0.042
kg, at 30 days old they reach 14.90 + 0.078 kg,
at 70 days - 27.31 + 0.155 kg and the female
ones - 4.462 £+ 0.043, 14.74 + 0.085 and 27.56
+ 0.158, respectively. The gender is not a
reliable source of variation of the parameters
examined.

and mother factors are in a complex network of
interaction but as a whole it is the farm and the
father that influence considerably the live
weight at birth and the growth of the lambs
until weaning.

Upon calculating the breeding value in terms of
growth of the lambs until weaning the year and
month of birth need to be included in the linear
model along with the farm.
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Abstract

The purpose of the research is to investigate new methods of silkworms rearing for a longer period during the year. To
accomplish our main goal, we used artificial diet for silkworms rearing during the summer. The tasks of our research
were to apply an artificial diet from the first to the third instars, and in the fourth and instars we used mulberry leaves.
There is a trend showing that the hatchability in September is higher than in July and August. The average values of the
pupation rate and larval period duration also remained relatively high in September. Considering the fresh cocoon
yield by one box of eggs, we found that the lowest values are in August and the highest - in September again. Based on
the results obtained, it can be concluded that the rearing of the silkworms using artificial diet in the young instars is
most appropriate in September. It is economically viable, leads to greater employment and to increasing of the income

of sericulture farmers.

Key words: artificial diet, Bombyx mori L., Morus alba L.
INTRODUCTION

The change of the organizational structure of
agriculture in 1990s in Bulgaria and its
intensive development, as well as the climate
changes and the decrease of the rainfall in a
temperate climate zone in the last 10 years
created serious difficulties related to the
silkworms rearing (Bombyx mori L.).

Rainfall in the period May-September is one of
the main factors influencing the growing of
mulberries under non-irrigation conditions, as
is the case in widespread practice in Bulgaria.
Humidity plays an important role in the
synthesis of organic compounds and the
transfer of mineral elements and substances to
different parts and organs of the tree, as well as
in the course of growth processes and cooling
of the leaves when heated by the sun. Synthesis
of 1 kg of dry matter requires the consumption
of 700-800 1 of water. The shoots usually
contain more than 60% water and the leaves
contain 70-85%. This shows the extreme
importance of sufficient water in the soil and in
the air while maintaining the necessary turgor,
succulence and tenderness of the leaves in
order to use them to produce a quality leaf
mass. On the other hand, the labour force
during the period May-September is very often
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insufficient. This necessitates exploring of
other opportunities for lucrative and cost
effective methods of silkworms rearing during
this period. One way to solve this problem is to
use artificial diet, which on its turn could be
able to minimize the need for labour.

Although the Mulberry (Morus sp.) leaf is still
considered as the traditional food for
silkworms, many attempts have been made to
establish rearing on artificial diet. Nowadays,
sericulture research developed number of
supplement nutrients with mulberry leaves for
silkworm rearing. There are number of foods
used as an ingredient for artificial diet of
silkworm. Artificial diet encourages the small
landless farmers to take up sericulture and it
also helps to reduce labour cost for mulberry
cultivation (Bhattacharyya et al., 2016).

There are insects for which it is possible to
grow large populations in laboratory
conditions, such as Drosophila, which has been
used for many years as a major target for
genetic research. Large-scale farming of
Bombyx mori L. and Apis mellifera have been
described as being widely spread and practiced
decades ago (Cohen, 2004).

According to Panizzi et al. (2012), 1,300
species of insects are farmed using artificial



diet, 85% out of which are represented by
Lepidoptera, Coleoptera and Diptera species.
Sahay et al. (2011) also developed artificial diet
for rearing of Anthereaea mylitta D. under
controlled conditions.

The use of artificial diet for Ostrinia furnacalis
and Harmonia axyridis rearing has been
reported in the literature (Teguh et al., 2018;
Yuan-Xing Sun et al., 2019) used artificial diet
for rearing, and the results obtained are similar
to those of field-grown insects, allowing the
production of a large number of insects in
laboratory conditions and their use for
biological control.

According to Petkov et al. (1980), one of the
reasons for the unattractiveness of the silkworm
industry is its extensive nature, which is
associated with the consumption of a lot of
labour for a short-term. In this respect, the cost
of feed constitutes about 60% of the total cost,
with 27-32% falling on the pruning and
delivery of the mulberry leaves and 31-36% on
the feeding process - mainly during the fourth
and fifth instars.

Silkworm rearing on artificial diet has many
advantages over existing practices, since it
provides balanced nutrition and disease-free
conditions, regardless of the seasons (Jula et
al., 2011). This is especially important in the
first, second and third instars.

According to Nair et al. (2013), mulberry
leaves, especially in tropical conditions, does
not always contain the necessary balanced
nutrients that meet the needs of silkworms
throughout the year.

It is widely accepted that the high cost of the
artificial diet is a major problem for the spread
of silkworm rearing in cooperative houses,
especially in the young instars. The cost of the
artificial diet amounts to about 35% and 50%
of the total cost of silkworms rearing in
cooperative houses from the first to the second
instars and from the first to the third instars,
respectively. Therefore, it is important to
reduce the costs of artificial diet in order to
extend the period of rearing so that farmers to
be able to develop more robust breeding
management systems (Shinbo et al, 1994).
Tzenov et al. (2010) creates a Dbalanced
artificial diet for rearing over the whole larval
period. Silkworms reared on artificial diet have
a shorter larvae period during the fifth instar
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and during the rearing period as a whole.
Considering the other characters, there are no
significant differences to the silkworms reared
on mulberry leaves. Artificial diet is
appropriate to be applied during all seasons of
the year, which, on its turn will lead to higher
incomes for the silkworm rearers.

We consider all those facts as reasonable
enough to set as our main objective to explore
new methods of silkworms rearing for a longer
periods during the year and thus, for higher
employment of the farm workers.

MATERIALS AND METHODS

Strains. Strains named Svila 1 and Svila 2 were
tested. Three replicates with 200 larvae each
were employed. As a reference we used
silkworms reared on mulberry leaves only.
Svila is uni-bivoltine 4 molting pure line,
created in Bulgaria in 2005. The egg serosa
color is greenish gray, chorion color is yellow
and the eggs are sticky. The last instar
silkworm larvae are bluish-white in color and
plain. The body shape is thicker and shorter.
The cocoons are white in color, with oval
shape.

Environmental conditions. The incubation of
silkworm eggs was carried out in accordance to
the standard method for the summer season.
The standard conditions for silkworm rearing
with mulberry leaf are shown in Table 1.

Table 1. Environmental conditions (larvae fed on fresh
mulberry leaves)

Instar Temperature, Reila.tive
°C humidity, %

I 26-27 85-90

11 26-27 85-90

111 25-26 80-85

v 23-25 70-75

\Y 20-25 65-70
Cocooning 24-26 70-75

The environmental conditions required for the
rearing on artificial diets are slightly different
than those established for the rearing on fresh
mulberry leaves. The conditions for silkworm
rearing with artificial diet are as shown in
Table 2 and it can be seen that the temperatures
are slightly higher during the all instars and
cocooning.

Immediately  after removal from the
refrigeration chamber, the silkworm eggs were



placed at a temperature of 24-25°C. From the
third day the temperature was raised to 26-
27°C. During the first and the second instars,
the temperature was set to be such as 29 to
30°C, being higher by 1-2°C than the one that
has been set for mulberry-reared larvae. The
same difference can be observed in regards to
the temperature during the third instar. It is
assumed that at a high temperature larvae might
gain more weight than at a low temperature.
The rearing temperature is recommended to be
higher in the fourth instar also (compared to
mulberry-fed rearing). It should be anyway
kept low, such as at 24°C, in the fifth instar,
similar to the case of mulberry rearing where
the optimum temperature interval is established
to be 20- 25°C.

Table 2. Environmental conditions (larvae fed on
artificial diet)

Instar Temperature, Rgla.tive
°C humidity, %

L 29-30 90

1 29-30 90

11 27-28 80
IV 26 70-75

v 24 70
Cocooning 25-27 5560

The relative humidity was kept as required (50-
85%). Higher humidity in the rearing room is
recommended at least in order to prevent the
drying of diet.

The incubation is carried out in room which the
natural light can enter; artificial lighting is
rather not used. 12-hours light and 12-hours

photoperiodism can also affect the silkworm
rearing at some extend.

On the 10" day after the incubation has started,
some silkworm eggs turn white and the first
larvae appear. On the 11" day the hatching
begins and, in order to prevent the larvae from
crawling out, a few mulberry leaves or artificial
food are placed around them. On the 12" day a
“mass” hatching is observed and then the larvae
can be fed with artificial diet for first time.
Only the larvae, hatched on the day of “mass”
hatching are brushed for rearing.

Experimental plan. The experiments were
conducted during the period 2017-2018 at the
Agricultural University of Plovdiv. For the
achievement of our main objective, we tested
the use of artificial diet in silkworms rearing
during the summer. The tasks of our research
were to feed the silkworms on artificial diet
during the first, second and third instars, and
the silkworms in their fourth and fifth instars
we fed on mulberry leaves. The main
technological characters were studied: fresh
cocoon weight; cocoon shell weight; filament
length and shell ratio.

RESULTS AND DISCUSSIONS

Table 3 shows the mean values of the
hatchability of the employed strains Svila 1 and
Svila 2 during the months of July, August and
September. The average values for Svila 1
range from 1,109 to 1,683, indicating that the
values of hatchability in 2017 are within
acceptable limits, with the average error

dark rhythm is recommended as ;
y ranging from 0.671 to 1.011.
Table 3. Hatchability (%)
2017 2018

Strains Months = Sy Ve o S Ve
Svila 1 July 85.56 0.67 1.11 84.35 0.621 1.04
August 82.24 0.76 1.31 82.95 1.00 1.70
September 84.91 1.01 1.68 85.23 0.35 0.58
Svila 2 July 83.44 0.90 1.53 81.25 0.73 1.27
August 82.88 2.50 4.26 82.32 0.27 0.46
September 87.53 0.40 0.65 85.30 0.43 0.71

We have the lowest results of the character in
August 2017 for Svila 1 with a value of 82.24%
and with a value 81.25% in July 2018. For
Svila 2, the highest hatching rate of 87.53%
was observed in September 2017, being with
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2.23% more than in the same month of the
following year. In Svila 1, the difference in
hatching in September in both years is minimal
and has a value below 1%, and in both strains
we noticed a slight decrease in values in



August, and then in the following month they
increase. The lowest value of the hatchability
character was recorded in Svila 2 in July 2018
with a value of 81.25%, and the highest one -
87.53%, was registered in September 2017 for
by Svila 2 again (the difference between them
being 6.28%).

There is a trend showing that the hatchability in
July is lower than in September, which is most
likely due to the negative impact of the high
temperatures in July and August.

The average values of the pupation rate of the
both studied strains remained relatively high in
September (Table 4). There is a greater
variation of the values of this character for the
Svila 1 in July 2017 and for the Svila 2 in
September 2018. The difference between the

average values of the pupation rates in
September (in terms of the surveys conducted
in two consecutive years), is minimal with a
value of 0.13% for the Svila 1 and 0.73% for
Svila 2.

One of the factors that influence the pupation
rate is the diseases during the larval stage. In
regards to this character, there are slight
differences between the larvae fed on artificial
diet and those fed on fresh mulberry leaves.
This difference is due to the fact that when
feeding on artificial diet we can better control
the humidity and the development of
microorganisms that can cause some diseases.
For larvae fed on mulberry leaves, the mortality
is slightly higher and hence a slight decrease in
the pupation rate might be observed.

Table 4. Pupation rate (%)

2017 2018

Strains Months v S Ve v S Ve
Svila 1 July 87.33 0.820 1.33 86.67 0.41 0.68
July (reference) 87.70 0.25 0.41 86.93 0.10 0.17
August 86.23 0.55 0.90 85.29 0.24 0.40

August (reference) 86.17 0.18 0.29 86.03 0.10 0.18

September 89.40 0.37 0.59 89.53 0.39 0.62

September (reference) 88.80 0.14 0.22 88.73 0.177 0.28

Svila 2 July 88.57 0.41 0.66 88.27 0.45 0.73
July (reference) 87.90 0.19 0.30 86.60 0.39 0.64

August 85.30 0.43 0.71 86.80 0.14 0.23

August (reference) 85.37 0.25 0.41 86.96 0.15 0.23
September 89.07 0.15 0.23 89.80 1.04 1.64
September (reference) 88.90 0.07 0.11 89.16 0.47 0.74

The results on the larval period duration show a
variation of the character from 0.897 to 1.97 for
Svila 1 and from 0.71 to 1.22 for Svila 2 (Table
5).

The lowest values of the variation coefficient
for both Svila 1 and Svila 2 strains are observed
in September. The deviations are insignificant
and no firm conclusions can be drawn. There is
no trend or significant difference compared to
the reference values.

For Svila 1 strain fed on artificial diet, we
observed a difference in the duration of the
larval period of 92 h.
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The lowest duration was in September 2018
with values of 776.67 h. For the reference of
the same strain, a difference of 50 h between
the lowest and the highest value is observed.
For Svila 2 strain, the difference in larval
period duration is relatively small, with a value
of 36.67 h for the larvae fed on artificial diet,
and 63.33 h for the reference.

In silkworms rearing, the only character that
targets lower values is the larval period
duration. With longer larval period duration, an
extended workflow for feeding and rearing can
be expected, and hence a higher labor costs.



Table 5. Larval period duration (h)

. 2017 2018

Strains Months = Sx e by Sx e
Svila 1 July 851.67 5.40 0.89 863.33 10.80 1.77
July (reference) 850 7.07 1.17 870 7.07 1.14
August 868.67 8.52 1.38 830 7.07 1.20
August (reference) 856 8.60 1.42 826.66 4.08 0.69
September 803.33 10.80 1.90 776.67 10.80 1.97

September (reference) 830 7.07 1.20 800 14.14 2.8
Svila 2 July 870 7.07 1.14 820 7.07 1.22
July (reference) 870 7.07 1.14 826.66 14.71 2.48
August 876.67 10.80 1.74 863.33 4.08 0.74

August (reference) 876.66 4.08 0.65 836.66 14.71 2.48
September 813.33 4.08 0.71 783.33 4.08 0.74

September (reference) 813.33 8.16 1.41 826.66 26.77 4.58

With reference to the fresh cocoon yield by one
box of eggs, it was found that the highest
values for both tested strains are in September
(Table 6).

Larvae being fed on artificial diet show no
significant differences compared to the
reference - 0.37 kg for Svila 1 in 2017 and 0.46
kg in 2018. For Svila 2 the difference is 0.33 kg
in 2017 to 0.67 kg in 2018.

The lowest values are in August, with a
variance from 0.680 to 2.350.

These differences are probably due to the
optimal conditions created during the young
instars.

This finding proves the fact that the conditions
during the first instars lead to higher yields in
the latter instars.

Table 6. Fresh cocoon yield by one box of eggs (kg)

. 2017 2018

Strains Months Py o Ve Py o Ve

Svila 1 July 23.74 0.61 3.68 23.13 0.39 2.38
July (reference) 24.26 0.86 5.03 25.16 0.21 1.21

August 22.47 0.10 0.68 23.03 0.29 1.81
August (reference) 23.23 0.34 2.12 23.76 0.177 1.06
September 25.93 0.04 0.22 25.47 0.39 2.16

September (reference) 25.56 0.34 1.93 2593 0.10 0.58
Svila 2 July 24.43 0.33 1.93 253 0.31 1.72
July (reference) 24.43 0.28 1.65 24.56 0.35 2.00
August 23.43 0.38 2.35 23.13 0.23 1.39
August (reference) 233 0.43 2.61 24.03 0.22 1.27

September 26.57 0.41 2.20 26.13 0.47 2.55
September (reference) 25.9 0.07 0.38 25.8 0.18 1.02

The fresh cocoon yield by one box of eggs
character is the indicator that shows the actual
results of the rearing. Higher values of the
character are aimed at ecach test and selection.
While with the larval period duration lowering
the values is the aim, here we consider the
higher values as the best results.

CONCLUSIONS
Silkworm rearing during the summer season

(from July to August) by applying artificial diet
during the first three instars and mulberry
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leaves during the later instars does not lead to
significant differences compared to the rearing
of silkworms on mulberry leaves only.
Therefore, the results obtained allow us to
recommend silkworm rearing during the
summer season in Bulgaria on artificial diet
during their first three instars and then with
mulberry leaves up to the cocooning, which on
its own turn will provide optimal nutrition and
sanitary conditions, as well as reducing labor
costs and raising the income of the silkworms
rearers.
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Abstract

An evaluation based on performance tests was carried out on 639 male and female (castrated) animals from the
Danube White breed in Agricultural Institute Shumen. The testing of animals was done at 90 kg live weight with the
“Pig log 105" apparatus. Significant sources of specific variance in different levels of probability were established for
line, year, sex and replacement animals. Significant effects of sublevels of the studied environmental factors were also
established. The results, presented by us, emphasized the necessity of fixed trait evaluations and determination of their
effects during the genetic evaluation of the Danube White population.

Key words: Danube White pigs, environmental effects, performance test.

INTRODUCTION

Swine from the Danube White breed were
locally selected, with a narrow range and
limited number of animals — two herds with
around 500 swine. In recent years, there have
been significant changes in fattening and
slaughter  qualities that make animals
competitive on the internal market. A large
number of studies for assessing the origin
influence, year of testing, season and, mostly,
the effect of gender on the evaluated
performance traits have been available. In some
of the studies, differences between the
slaughter traits in males and females were not
found (Alonso et al., 2009; Gispert et al.,
2010), while other authors pointed out that
meat qualities were influenced by gender (Bridi
et al., 2006; Franco et al., 2008). Significant
influence on traits characterizing growth
capabilities was caused by origin, herd, year of
testing and their interaction.

The selective breeding programs in pig farming
used variation rates to improve fattening and
slaughter traits. Variation in turn was
represented by genetic and environmental
components. Environmental variation, although
not transferred from the parents to the
offspring, has been essential for the
productivity of the tested animals. The
assessment of non-genetic factors gives
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assistance to the standardization and
productivity organization (management) (Dube
et al., 2011). Therefore, using environmental
factors in pig breeding plans has been
imperative (Habeanu et al., 2018). Numerous
similar studies for assessing the influence of
non-genetic effects have been available
(Mungate et al., 1999; Serrano et al., 2008).
Occasional monitoring of the breed has been
imposed by the market supply and demand,
which influences selection.

The aim of this research was to study some
non-genetic effects on fattening and slaughter
traits for Danube White pigs based on the
performance test evaluation

MATERIALS AND METHODS

The study was carried out in the period 2013-
2019 in Agricultural Institute - Shumen. The
animals were fed with fodder mixtures for the
corresponding category according to Bulgarian
State Standards. The animals were provided
with adequate floor space for movement.

An evaluation based on performance tests of
639 male and female animals from the Danube
White breed was made. Animal testing was
carried out at 90 kg live weight with Pig log
105 apparatus; for each kilogram below or over
90 kg was added or deducted 0.7 days from the
age according to the Regulation for Evaluation



of Breeding Value, Productivity and
Classification of Breeding Pigs, Shumen.

The analyzed traits were: backfat thickness in
points Xi and X, thickness of Musculus
longissimus dorsi (MLD) and growth rate
intensity to 90 kg live weight.

Backfat thickness in point X; (located between
the third and fourth lumbar vertebra, 7 cm from
the medial line) and X (located between the
last third and fourth ribs, 10 cm from the
medial line).

Data processing was made with LSMLMW
MIXMDL software, version Pc-2.

The following statistical model was used:

y=u+tLla—-s+Yja—n+Ra—2n+Sa—n+tei—

where: u - average
L - Fixed line effect;
Y - Fixed year effect;
R - Fixed effect of replacement animals;
S - Fixed gender effect;
e - Residual effect.
The reliability of differences between the levels
of studied factors was established according to
distribution levels by Student (Hayter, 1984).

RESULTS AND DISCUSSIONS

Results from the performance test evaluation
and the analysis of variance for productive
traits are shown in (Table 1). Analysis of the
results for the backfat thickness traits in points
X1 and X» present the same range from 11 to
15 mm. Musculus longissimus dorsi (MLD)
was 44.45 mm and the age at 90 kg live weight
was 205 days.

Statistically significant sources of specific
variance with different rates of probability were
established for all studied factors. The chosen
replacement animals for own breeding have
had significant and highly significant effect on
traits: back fat thickness in point X; (P<0.05)
and age at 90 kg live weight (P<0.01).

Gender had significantly influenced all of the
studied traits including back fat thickness in
point X; and age, as well as Musculus
longissimus dorsi (MLD) thickness and X»
(P<0,05). Origin based on lines had a
significant influence for the back fat thickness
trait in point X» (P<0.05), while no significant
differences were established for the other traits.
Regarding the year of testing trait, significant
and highly significant effect was established for

26

the following traits: back fat thickness in point
X2, Musculus longissimus dorsi (MLD)
thickness and age at 90 kg live weight (P<0.01,
P<0.001).

Determination coefficient were with compara-
tively high values for the backfat thickness trait
in points X; and X» and age at 90 kg live
weight (R? = 0.77, R? = 0.81, R? = 0.66) which
showed that the studied factors accurately
reflects the trait variations in the model.
Regarding Musculus longissimus dorsi (MLD)
thickness, this indicator was with low values.

Table 1. Results from the performance evaluations and
variance analysis of the studied factors

Traits Number, Backfat Musculus | Age, days
n/degree thicknes longissimus
of freedom dorsi,
df Xi Xz mm
X" 1520 | 11.76 44.45 205
SD 4.18 3.17 491 27.82
Ccv 13.22 | 12.00 9.41 8.06
R 0.77 0.81 0.30 0.66
Total 639
Total 88
reduction
Replace- 1 n.s * n.s ok
ment
SEX l ok * * kk
Line 7 n.s + n.s n.s
Year of 6 n.s Hak Hx ok
test
Significance of differences: *** - P<0.001, ** - P<0.01, * - P<0.05;

n.s. - no significances

Influences of the line, year of testing, number of
called and replacement animals and gender on
studied traits from the evaluation for individual
productivity are indicated in (Table 2).

It was established that the thinnest fat was in
point X5 in pigs from the first line (11.5 mm) as
differences between them and those from fifth
and seventh line were significant and highly
significant (P<0.05, P<0.01).

Significant differences were established for the
same trait between the fifth and seventh line
with the second, third and sixth (P<0.05).
Backfat thickness in point X; was the thinnest
in line seven, as differences with first, second
and third line were significant (P<0.05).

The same degree of significance was
established in third line with fourth and fifth



(P<0.05). Musculus longissimus dorsi (MLD)
thickness was with the highest values in the
seventh line (45.42 mm). The highly significant
differences between the seventh line with first
and second were P<0.01, but those with third,
fourth and fifth were with significance of
P<0.05. For the same trait were established
significant differences between sixth line with
first, second and fourth (P<0.05).

Regarding the trait for growth rate intensity to
90 kg live weight, it was established that age
had the lowest values for line eight (203 days)
and between her and the other lines small and
insignificant differences were established.
Differences between years of testing, presented
in the same table, were significant and highly
significant in regards to almost all studied traits
(P<0.01, P<0.001), except backfat thickness in
point Xj.

Backfat thickness in point X» was the thinnest
in 2014 (11.38 mm) and between that year and
2013, 2018 and 2019, differences with high
significance were established (P<0.001).
Musculus longissimus dorsi (MLD) thickness
was with the highest values in 2019 (46.69
mm) and age at 90 kg live weight was also the
lowest values in 2019 (194 days), as the
differences between them and other years were
significant (P<0.001).

An intensive increase (11 days) was established
in replacement animals compared to the rest of
the studied population (P<0.001).

In regards to gender, significant differences
were established for the Musculus longissimus
dorsi (MLD) thickness and age at 90 kg live
weight traits (P<0.01). The established regu-
larly regression values of the studied traits
backfat thickness in points X; and Xo,
Musculus longissimus dorsi (MLD) thickness
and age at 90 kg live weight were small and
insignificant.
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Growth intensity and lean meat content from
farrowing up until the end of the test period
was determined by growth and muscle fiber
characteristics (Larzul et al., 1997; Gentry et

al., 2004).
The influence from the environment on the
performance productivity tests suggested

presence of differences for the studied fattening
and slaughter traits. These differences often
occur due to changes in raising during different
seasons and years, work organization, which
requires optimization of procedures for swine
raising and selection.

Dube et al. (2011) established similar results to
ours in regards to fattening and slaughter traits,
which were significantly influenced by year of
testing (P<0.001).

In regards to the daily gain, respectively,
growth intensity was better in female animals,
where as in our study male castrated pigs were
characterized by higher growth intensity with
approximately 6 days.

Similar results were established by Augspurger
et al. (2002), where males had more intensive
growth rates. The established significant
differences for the studied traits between
separate years were probably due to differences
in the conditions of the production process and
organization.

In our study no substantial differences were
established, in regards to fat thickness between
the two genders. In unison with our results, Lee
et al. (2019) did not establish essential
differences in backfat thickness, while Dube et
al. (2011) found that the male animals were
characterized by thinner backfat compared to
females (P<0.001). Similar results in which
male swine had a higher content of hypodermic
fat were established by Cassady et al. (2004)
and Bahelka et al. (2007).
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CONCLUSIONS

Results from the study on non-genetic effects
on the lifetime assessment of fattening and
slaughter traits for Danube White pigs
established that optimal conditions for raising
and managing were a necessary requirement for
effective selection.

Significant sources of specific variance in
different levels of likelihood were established
for the studied traits: replacement, sex, line and
year of testing.

The results, presented in this research,
emphasized the necessity of fixed trait
evaluations and determination of their effects
during the genetic evaluation of Danube White
population.
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Abstract

The article presents the results of a study of the productive qualities of Holstein cows of the Dutch and German
breeding, the presence of a correlative relationship between milk yield, the content and amount of milk fat, live weight,
average daily milk yield and milk ratio. It is established the superiority of cows of Dutch breeding for milk yield for 305
days of lactation over cows of German breeding by 458 kg of milk (the third lactation), the difference is not significant.
A comparative analysis of the results of studies of the productive qualities of cows of the first lactation of the Holstein
breed of the Dutch and German breeding showed that the heifers - the descendants of the first generation exceeded
their peer sin milk yield by 855 and 1444 kg of milk respectively, the difference is highly reliable (P<0.001). Low
correlation coefficients between milk yield and live weight (positive - German breeding and descendants of the first
generation) and (negative - Dutch breeding) indicate the non-linear nature of the relationships between them, and
characterizes the uniformity of the herd of Joint-Stock Company ,,Aydyn” in live weight.

Key words: descendants of the first generation, milk yield, fat, live weight, correlation coefficient.

INTRODUCTION service periods, calving season and other
factors (Akhmetzyanova, 2015).

At present, in countries with developed dairy If there is a positive correlation between
cattle breeding, the genetic improvement of  breeding signs, selection by one sign automa-
herds largely depends on the direction of the  tically leads to the improvement of another.
strength of the relationship between the signs of ~ With a negative correlation, selection leads to
productivity. Genes that influence the the deterioration of one of the traits. In the
development of body systems and cause signs absence of communication, it should be consi-
of productivity, act interconnected, that is, dered that the selection of animals according to
correlate (Dragotoiu et al., 2015). The study of  the main character does not affect the
correlative relationships allows to predict  development of other characters. The rate of
undesirable consequences when conducting genetic improvement of herds depends on the
selection on one sign or to enhance the effect of  direction and strength of the relationship
selection on others. between the signs. Thereby, it is important to
When breeding Holstein cattle, it was found  establish to what extent these or those signs are
that in the selection process the variability of  interconnected with milk yield of cows
one of the phenotypic indicators depends on the ~ (Efimova et al., 2017).

variability of other economically useful signs. A study of the relationship between breeding
The variability of the mass fraction of fat in signs at cows (Nazarchenko, 2011) between
milk depends on the variability of cows' milk ~ milk yield and percentage of fat in milk, milk
yield per lactation. yield and amount of protein, percentage of
In turn, the variability of milk production  protein and fat showed that a deterioration of
depends on live weight, the age of the animals one of the signs does not entail a deterioration
at the first calving, the length of the dry and of the other.
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The correlation between milk yield and fat
content in milk is most often negative - with an
increase of milk yield, the fat content in milk
decreases (Efimova, 2010). However, in each
herd there are animals at which high milk yield
is combined with a high fat content in milk and
this feature is inherited by offspring (Beauty et
al., 1999). The selection of animals by the total
amount of milk fat or milk protein is equivalent
to one-sided selection by milk yield, the
authors consider. The correlation coefficients
between these signs range from 0.84 to 0.99.
Lepyokhina (2012) believes that correlation
between productive signs is a biological
regularity and is relatively stable inherited in
generations. Even with high selection
intensities, they did not change for a long time.
The heritability of milk yield by the mother (r =
+ 0.11) in three lactations was very high, and
the milk fat content (r = 0.20) was even higher
(Rudziev, 2001; 2003; 2006).

There is not always a direct connection
between the productive qualities and the
breeding qualities of record cows, and therefore
the good origin of each cow does not always
guarantee its high breeding and productive
qualities. However, many authors (Ernst and
Chemm, 1970; Vorobyova, 2010) argue that
the most productive animals are mainly
descended from the same highly productive
ancestors and that the best animals give the best
offspring. According to Antal (2004), “the most
important moment of work is the selection of
the most worthy females, from which it is
worth and should be received male offspring
for its possible use in improving the population
of dairy cows”.

One of the factors that influence the milk
productivity of cows is their live weight. In
each breed, in each herd, the best part of
animals in productivity, as a rule, has a higher
live weight than the average for the breed, the
average for the herd (Silver, 2017; Bakay et al.,
2016). For the best of breed milk yield
recorders is characteristic and higher live
weight, the variability of live weight of cows
can reach 15% (Adzhibekov, 1995; Kuznetsov,
2002; Vorobyova et al., 2010). But this does
not mean that the biggest animals should be
high dairy. It has been established that for each
breed there is a certain optimum of live weight
(Kuziv and Fedorovich, 2014; Pogadaev and
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Gadzhiev, 2001). The increase of live weight of
cows to this indicator has a positive effect on
milk productivity. But if the live weight is above
the limit of the breed optimum, then its increase
does not affect the increase in milk yield.

The research of the herd of the Joint Stock
Company "Aydyn" revealed the relationship
with dairy productivity of some indicators of
the exterior of cows for the third lactation
(Konstandoglo et al., 2019).

The aim of these studies was to identify the
correlation between the main indicators of dairy
productivity of Holstein cows of different
origins.

MATERIALS AND METHODS

Studies were carried out in a herd of Joint-
Stock Company (J.S.C.) ,,Aydyn” on Holstein
cows imported from Holland and Germany, as
well as the first generation descendants
received from bulls Kiperush 79, Maker 891
and Leicester DE 05.804.011478. All the
analyzed number of cows was kept in optimal
conditions of feeding and keeping in
accordance with the basic zootechnical and
hygiene requirements.

The main data on the milk production of
animals were taken from forms of zootechnical
and pedigree accounting. Were used zoo-
technical research methods with biometric
processing of materials by the method of
variation statistics according to Plokhinsky
(1978) and Merkurieva (1983): arithmetic mean
(X), arithmetic mean error (Sx), correlation
coefficient (r) and correlation coefficient error
(my). Phenotypic correlations were estimated
using the procedure of the Statistical Analysis
System (SAS Version 6.1, 2007). The relation-
ship between milk productivity indicators and
milk quality, live weight was determined by
calculating the correlation coefficient using
Microsoft Excel.

The milk coefficient (MC), proposed by
Startsev (1966), was calculated by the formula:
MC MY/LW, where: MC is the milk
coefficient, kg; MY - milk yield for 305 days of
lactation, kg; LW - live weight, kg. The data
obtained during the research were processed
biometrically on a personal computer using
Microsoft Excel programs; the reliability of the
indicators was determined by Student.



RESULTS AND DISCUSSIONS for 305 days of lactation was at Dutch cows

(Table 1), which is more by 458 kg of milk (the

A comparative assessment of the milk
productivity of cows, depending on the
selection, showed that the highest milk yield

third lactation) than at German cows (Table 2),
and on average in the samples - by 434 kg, the
difference is unreliable.

Table 1. Dynamics of milk productivity J.S.C. “Aydyn” Dutch origin (X + Sx)

Milk yield Fat
Number The . . . .
Lactation | of cows, | average For 305 days, | Mass fraction, | Quantity, Live weight, Milk ratio,
n daily, kg kg % kg kg kg
111 30 34.5+0.8 10560+255.5 3.85+0.03 402+9.9 698+4.4 1508+34.5+*
v 31 33.3+0.6 10194+206.5 3.92+0.03 394.2+8.7 697+3.9 1461+30.2
Average 64 34.0+0.5 10370+160.6 3.88+0.02 379.2+6.4 698+2.8 14904221+

Note: ** - P <0.01; *** - P <0.001

Table 2. Dynamics of milk production of J.S.C. “Aydyn” German origin (X + Sx)

The live weight of cows of German breeding
was by 22 kg more than cows of Dutch bree-
ding, the difference was significant at P<0.001.
In terms of milk yield, cows of the Dutch
breeding exceeded the cows of the German
breeding by 121 kg (in III lactation and on
average in the samples), the difference was
significant at P<0.01 and P<0.001,
respectively.

Milk yield Fat
Number i i i i
Lactation | ¢ cows, Tl(lizieiveiage For 305 days, | Mass fraction, | Quantity, Live IZV cight, Mlliratlo,
N Y, Kg kg o, kg g g
11 15 28.8+1.1 8794+333.6 3.87+0.04 339+12.8 716+£8.1 1219+41.4
111 106 32.7+0.6 10102+185.6 3.92+0.01 384.7+6.6 7204+2.4 1387+22.2
Average 125 32.3+0.05 9936+166.1 3.92+0.01 379.6+6.1 7214+2.3 1369+20.2
A preliminary assessment of the milk

productivity of the first generation heifers, the
descendants of the first generation, obtained
from the result of using bulls Kiperush 79,
Maker 891 and Leicester DE 05.804.011478
showed that the average milk yield of heifers
was 8658 kg of milk with a fat content of
3.77%, milk fat - 324.3 kg (Table 3).

Table 3. Characteristics of cows - descendants of the first generation, as well as heifers
of different breeding by milk productivity, the first lactation (X + Sx)

Indicators If?resstcgegr?:rnattsiono(fMg)e Dutch breeding* German breeding*
Number of cows, n 38 120 129
Milk yield average daily, kg 28.7£0.5 25.6+0.3 23.6+0.32
for 305 days, kg 8658+143.6%** 7803490.1 7214496.3
Fat mass fraction, % 3.77+0.03 3.76+0.02 3.77£0.04
quantity, kg 324.3+5.6 293.4+3.44 272.3+3.86
Live weight, kg 625+5.7 637+2.5 638+4.2
Milk ratio, kg 1364+15.1 1228+13.9 1125+25.7

Note: * - Foksha et al., 2017; *** - P<0.001

As it can be seen, the milk yield coefficient
averaged 1364 kg. Milking yields of heifers
ranged from 7490 kg to 9455 kg of milk, the
average daily milk yield 24.5-31 kg of milk.

A comparative analysis of the results of studies
of the productive qualities of cows of the first
lactation of the Holstein breed of the Dutch and

German breeding (Foksha et al., 2017) showed
that the heifers - the descendants of the first
generation exceeded in milk yield their peers
by 855 and 1444 kg of milk, respectively, the
difference is highly reliable (P<0.001). It
should be noted that the female ancestors of
bulls (fathers of heifers of the first generation)
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combined high milk yield and butterfat, which
is desirable in transferring valuable qualities to
offspring. So, mother's milk yield Kiperush 79,
averaged 10915 kg of milk with a fat
percentage of 4.42; mother of his father,
respectively 11485 kg and 3.60%. Mother’s
milk yield of Leicester DE 05.804.011478 for
highest lactation was 15186 kg of milk with a
fat content of 3.81%, mother’s father - p11017
kg of milk, 4.59% fat, and milk yield of the

mother of the bull Maker 891-12572 kg of milk
with a fat content of 3.65%, mother of his
father - 11842 kg, fat content of 4.66%.

For the relationship character analysis between
the main productivity indicators at cows of
different lactations and breeds of J.S.C.
“Aydyn” herd was conducted a study of the
correlation between milk yield, milk fat content
and amount, live weight, average daily milk
yield and milk ratio (Table 4).

Table 4. Correlation between the main indicators of the productivity of cows of German breeding, r + m

No The correlated sign II lactation 111 lactation IV lactation
1. milk yield - mass fraction of fat, % -0.212+40.3 -0.060+0.1 +0.875+0.5
2. milk yield - the amount of milk fat, kg +0.964+0.07 +0.970+0.09 +0.882+0.5
3. live weight - milk yield 305 days +0.290+0.26 +0.253+0.09 +0.164+0.6
4. live weight - mass fraction of fat, % +0.289+0.26 -0.083+0.1 +0.155+0.6
5. live weight - fat, kg +0.393+0.25 +0.143+0.09 +0.401+0.5
6. milk coefficient - milk yield 305 days +0.972+0.06 +0.904+0.02 +0.912+0.2
7. milk ratio - live weight +0.079+0.28 +0.014+0.1 -0.253+0.6

8. milk ratio - fat, % -0.28140.27 +0.013+0.1 +0.779+0.4
9. milk ratio - fat, kg +0.911+0.11 +0.849+0.03 +0.710+0.4
10. | average daily milk yield - milk yield 305 days +0.999+0.01 +0.999+0.0 +0.999+0.03
11. | average daily milk yield - fat, % -0.05340.27 -0.053+0.19 +0.876+0.3

12. | average daily milk yield - fat, kg +0.966+0.07 +0.966+0.01 +0.881+0.3

13. | average daily milk yield - milk ratio +0.971+0.07 +0.919+0.01 +0.912+0.3

An analysis of the data between the studied
indicators of cows of German breeding shows
that between milk yield - the amount of milk
fat, milk ratio - milk yield for 305 days, milk
ratio - the amount of milk fat, the average daily
milk yield - the amount of milk fat, the average
daily milk yield - the milk ratio is established a
very high positive relationship. With each
subsequent lactation, the correlation
coefficients between the above indicators
slightly decreased. The correlation coefficient
between the average daily milk yield, milk

yield per 305 days of lactation and the fat
content in milk is negative, weak and varies
from -0.053 to -0.212. The relationship
between live weight and milk yield over 305
days of lactation, mass fraction of fat and the
amount of milk fat is positive from weak
(+0.164) to moderate (+0.401). A weak
positive relationship has been established
between the milk ratio and live weight.

The results of studied relationship between the
main indicators of the productivity of cows of
the Dutch breeding are given in Table 5.

Table 5. Correlation between the main indicators of productivity of cows of the Dutch breeding, r+m

No The correlated sign The third lactation The fourth lactation
1. milk yield - mass fraction of fat, % +0.122+0.19 -0.160+0.18
2. milk yield - the amount of milk fat, kg +0.962+0.05 +0.927+0.07
3. live weight - milk yield 305 days -0.294+0.19 -0.136+0.18
4. live weight - mass fraction of fat, % +0.343+0.18 -0.121+0.18
5. live weight - the amount of milk fat, kg +0.284+0.18 -0.024+0.18
6. milk ratio - milk yield +0.957+0.05 +0.965+0.05
7. milk ratio - live weight -0.283+0.18 -0.372+0.17
8. milk ratio - fat, % -0.015+0.19 -0.125+0.18
9. milk ratio - fat, kg -0.55240.16 +0.802+0.11
10. | average daily milk yield - milk yield 305 days +0.999+0.01 +0.999+0.01
11. | average daily milk yield - fat, % +0.041+0.18 -0.132+0.19
12. | average daily milk yield - fat, kg -0.501+0.16 +0.824+0.1
13. | average daily milk yield - milk ratio +0.961+0.05 +0.964+0.05
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As it is seen from the table, between the milk
yield and the mass fraction of fat, was revealed
a weak positive relationship (the third lactation)
and a weak negative (the fourth lactation),
which confirms the difference of 366 kg of
milk between lactations. It was established a
very high positive relationship between the
milk yield for 305 days - the amount of milk
fat, the milk yield coefficient - the milk yield
for 305 days, the average daily milk yield - the
milk yield coefficient. A negative correlation
was found between live weight and milk yield

for 305 days of lactation, live weight and milk
coefficient, the tightness of communication
varies from weak (-0.136) to moderate
(-0.372).

The correlation between live weight and fat
mass fraction, as well as between live weight -
the amount of milk fat is weak positive (the
third lactation), weak negative (the fourth
lactation).

The results of studying the correlation between
the productivity indicators of heifers, first-
generation, are shown in Table 6.

Table 6. Correlation between the main productivity indicators of heifers
of the offspring of the first generation, r + m

No The correlated sign The first lactation
1. milk yield - mass fraction of fat, % -0.176+0.16
2. milk yield - the amount of milk fat, kg +0.884+0.08
3. live weight - milk yield +0.193+0.16
4. live weight - mass fraction of fat, % +0.298+0.16
5. live weight - the amount of milk fat, kg +0.324+0.16
6. milk ratio - milk yield +0.788+0.1
7. milk ratio - live weight -0.554+0.13
8. milk ratio - mass fraction of fat, % -0.137+0.16
9. milk ratio - the amount of milk fat, kg +0.517+0.02
10. average daily milk yield - milk yield in 305 days +0.999+0.01
11. average daily milk yield - fat, % +0.015+0.17
12. average daily milk yield - fat, kg +0.736+0.11
13. average daily milk yield - milk ratio +0.828+0.09

A weak negative correlation was found
between milk yield - mass fraction of fat
(-0.176), milk ratio - mass fraction of fat
(-0.137), a noticeable negative relationship
between milk ratio - live weight (-0.554). The
relationship between live weight and milk yield
for 305 days of lactation, as well as the mass
fraction of fat and the amount of milk fat, is
positive, weakly expressed. It should be noted
that among the descendants of the first
generation, as well as cows of German and
Dutch breeding, the correlation between milk
yield and the amount of milk fat, milk yield and
milk yield, as well as between the average daily
milk yield and milk yield coefficient is
positive, the connection tightness is high.

Thus, the established negative relationship
between the mass fraction of fat and milk yield,
the mass fraction of fat and the milk yield
coefficient of cows of German and Dutch
breeding and offspring of the I generation
indicates that further selection for milk
production in herd of J.S.C. “Aydyn” must be
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carried out taking into account the mass
fraction of fat.

Low coefficients correlation between milk
yield and live weight (positive - German
selection and descendants of the first
generation) and (negative - Dutch selection)
indicate the non-linear nature of the
relationships between them, and characterizes
the uniformity of herd of J.S.C. “Aydyn” in
live weight.

CONCLUSIONS

Milking for 305 days of lactation (third
lactation) at Dutch cows amounted to 10,560
kg of milk, which is by 458 kg of milk more
than at German cows, the difference is not
significant.

According to the milk yield coefficient, cows
of Dutch breeding exceeded German breeding
cows by 121 kg (the third lactation), the
difference was significant at P<0.01.



A comparative analysis of the results of studies
of the productive qualities of cows of the first
lactation of the Holstein breed of the Dutch and
German breeding showed that the heifers-
descendants of the first generation exceeded by
855 (Dutch breeding) and 1444 (German
breeding) kg of milk in milk yield, the
difference is highly reliable (P<0.001).

At cows of German breeding, a negative
correlation was found between the average
daily milk yield, milk yield per 305 days of
lactation and the fat content in milk, the
connection tightness is weak and varies from -
0.053 to -0.212.

At Dutch cows, between a milk yield and a
mass fraction of fat was revealed a weak
positive relationship (the third lactation) and a
weak negative relationship (the fourth
lactation), which confirms the difference of 366
kg of milk between lactations.

At the descendants of the first generation
between the live weight and the milk yield for
305 days of lactation, as well as the mass
fraction of fat and the amount of milk fat,
revealed a positive relationship, the tightness of
the connection is weakly expressed.
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Abstract

Vitamin B-12 (cobalamin) is essential for human health and current intake level of this vitamin is too low. Bovine milk
is an important dietary source of vitamin B-12 and natural enrichment of the milk vitamin B-12 content may help to
increase the intake levels. The aim of this study was to quantify the genetic variation in levels of vitamin B-12 in the
milk of dairy cows. In this study milk (n= 194) samples were collected from first lactation Holstein Friesian cows, and
analyzed for vitamin B-12 content. Vitamin B-12 content varied from 1.08 to 9.66 mg/l with a mean of 3.93 + 1.58 mg/I.
The amount of genetic variation between cows in vitamin B-12 content in milk was reflected by an estimated heritability
of 0.36. This heritability of 0.36, combined with a coefficient of variation of 40% for vitamin B-12 content in milk
indicates that average milk vitamin B-12 content of the cow Holstein Friesian population can be increased by genetic

selection.

Key words: dairy cows, milk, vitamin B-12, genetic variation.

INTRODUCTION

Only bacteria and archaebacteria are able to
synthesize vitamin B12 if cobalt supply is
sufficient (Martens et al., 2002).

The natural source of vitamin B12 in human
diets comes from animal-product, especially
those from ruminants because of the close link
between the animal and bacteria dwelling in its
rumen.

The cow milk is a significant contributor to
vitamin B12 intake.

In countries with a high dairy consumption
approximately 40% of dairy vitamin B12 intake
is from dairy products, and contributes to the
low prevalence of vitamin B12 deficiency.

Low vitamin B12 status in people may be
associated with megaloblastic anemia and
neurologic disorders (Vogiatzoglou et al.,
2009; Kim et al., 2008).

Also, vitamin B12 plays a role in prevention of
osteoporosis, neurocognitive decline, cardio-
vascular diseases and neural tube defects in
newborns.

Vitamin B12 acts as coenzyme in only two
metabolic reactions.

One of these vitamin B12 is dependent enzyme,
methylmalonyl - coenzyme.
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A mutase, plays a major role for the entry of
propionate in the Krebs cycle and
gluconeogenesis (McDowell, 2000).

Beside this role, the vitamin is a coenzyme for
the methionine synthase, the critical interface
between folic acid and vitamin BI12
metabolism.

Vitamin B12 is the largest of the B complex
vitamins, with a molecular weight of over
1000.

It consist of corrin ring made up of four
pyrroles with cobalt at the center of the ring
(Weir and Scott, 1999).

In nature there are two other forms of vitamin
B12: hydroxocobalamin and aquacobalamin,
where hydroxyl and water groups, respectively,
are attached to the cobalt.

The synthetic form of vitamin B12 found in
supplements and  fortified  foods is
cyanocobalamin, which has cyanide attached to
the cobalt.

These three forms of B12 are enzymatically
activated to the methyl- or
deoxyadenosylcobalamins in all mammalian
cells.

Most microorganism, including bacteria and
algal, synthesizes vitamin B12 and they
constitute the only source of the vitamin B12
(Chanarin, 1979).



The vitamin B12 synthesized in microorganism
enters the human food chain through
incorporation into food of animal origin.
Products from herbivores animals, such as
milk, meat etc., constitutes important dietary
source of the vitamin B12.

Some observational studies suggest that
vitamin B12 from dairy products is better
bioavailable than vitamin B12 from other
sources (Tucker et al., 2000; Vogiatzoglou et
al., 2009).

The absorption of vitamin B12 in humans is
complex (Weir and Scott, 1999).

Vitamin B12 in food is bound to proteins and is
released from the proteins by the action of a
high concentration of hydrochloric acid present
in the stomach.

This process results in the free form of the
vitamin B12, which is immediately bound to a
mixture of glycoproteins secreted by the
stomach and salivary glands.

These glycoproteins, called R - binders, protect
vitamin B12 from chemical denaturation in the
stomach.

The stomach parietal cells, which secrete
hydrochloric acid, also secrete a glycoprotein
called intrinsic factor.

Intrinsic  factor binds vitamin BI2
ultimately enables its active absorption.
Russell et al. (2001) reported mean absorption
of 55%, when radioactive vitamin B12 dissolved
in milk was administered to human subjects.
Bioavailability of the synthetic form of vitamin
B12 was reported to be poor (<4%) in humans
and animals (Zittoun, 1996).

Ruminants require dietary cobalt (Co) for
synthesis of vitamin B12 is the rumen. The
dietary requirement of dairy cows for Co is
0.11 mg/kg (NRC, 2001).

Tiffany et al. (2006) recorded increased syn-
thesis of vitamin B12 as the Co concentration
of the diet increased from 0.1 to 1.0 mg/kg.
Thus, natural enrichment of the vitamin B12 in
milk, by increasing cobalt levels of dairy feed
may be a good way to increase dietary vitamin
B12 intake of human consumer. This way
seems limited, because it has been shown that
milk vitamin B12 content level off between 4.2
mg/l, despite significantly higher cobalt levels
of the cow’s feed (0.93 vs. 0.57 mg/kg dry
matter) (Kincaid and Socha, 2007).

and
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Enhancing micronutrient (vitamin and mineral)
concentration within milk and serum from
dairy cows is important for both the health pf
the cow and the nutritive value of the milk for
human consumption (Knaus, 2013).

Natural enrichment of the cow milk vitamin
B12 content could be achieved through genetic
selection.

The aim of this study was to quantify pheno-
typic and genetic variation in levels of vitamin
B12 in the milk of Holstein Friesian dairy
COWS.

MATERIALS AND METHODS

Animals involved in this study were from
Agriculture Research and Development Station
(ARDS) Simnic - Craiova, Romania.

All Holstein Friesian cows are results of a long-
term selection experiment for genotype X
environment interactions.

The selected cows have average to high genetic
merit for kilograms of fat plus protein yield.
The diet consists of high energy ration based on
some by-products and one homegrown compo-
nent (forage maize, grazed grass, alfalfa, forage
beet, maize silage, grains and beans).
Additionally the ration is balanced with
purchased minerals.

Average (minimum-maximum) nutrient and
major ingredient composition was as follows:
crude protein, 17% (15-19.5%); fat: 3.9% (3-
5%); acid detergent fiber: 20% (16-26%);
neutral detergent fiber 34% (23-41%); cobalt
0.52 mg/kg (0.19-1.27 mg/kg); net energy
(lactation) 1.70 Mcal/kg (1.64-1.80 Mcal/kg);
concentration: 50.2% (40-52%); corn silage
19% (0.00-47%) and hay 7% (0.00-24%)).
Cows are milked two times daily (morning and
evening) and for the present study milk
samples were taken from first-location cows at
morning milking. Milk samples (n = 194) were
collected on 18 separate occasions between
February 2014 to January 2019 at 60.4 + 4.0
dais in milk (DIM).

After collection, milk samples were poured into
15 ml conical tubes.

At the laboratory they were frozen at: -20°C
and stored until analysis. Vitamin B12 in milk
was analyzed in duplicate by enzyme
immunoassay using a commercial kit



(RIDASCREEN FAST Vitamin B12, R-Bio
pharm AG, and Germany).

Data analyses were performed using M.O.
Excel. To estimate the genetic parameters and
variance components the REML approach was
used.

RESULTS AND DISCUSSIONS

Vitamin B12 content in the milk of Holstein
Friesian cows varied from 1.08 to 9.66 mg/l,
with a mean of 3.93 + 1.58 mg/I.

Figure 1 illustrates the large variation in milk
vitamin B12 content.
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Figure 1. Vitamin B12 content in bovine milk samples
(frequency distribution)

The lowest 25% of milk samples had an
average vitamin B12 content of 2.07 + 0.48
mg/l and the highest 25% of milk samples had
an average content of 590 + 141 mg/l, a
difference of 3.83 mg/Il.

Rutten et al. (2013) reported a variation of
vitamin B12 from 1.0 to 12.9 mg/l, with a mean
of 4.40 mg/l in raw sample of Dutch Holstein
Friesian cows.

Duplessis et al. (2016) reported concentrations
of vitamin B12 in milk from 2.309 to 3.878
mg/l in 15 commercial herds (386 Holstein and
13 Jersey cows in Canada). Vitamin B12
concentration in milk ranging from 1.575 to
4.781 mg/l has been reported by Preynat et al.
(2009), and Akins et al. (2013).

Substantial amount of genetic variance in
vitamin B12 content in milk was detected
among the 194 milk sample.

Variance components and heritability of
vitamin B12 content in milk of first lactation
Holstein Friesian cows from ARDS Simnic -
Craiova, Romania are presented in Table 1.
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Table 1. Variance components and heritability of vitamin
B12 content in milk of Holstein Friesian cows from
ARD Simnic - Craiova, Romania

Source of variation Vitamin B12
Genetic (6 animal) 0.92+0.22
Residual (62 ¢) 1.59+0.33
Phenotypic (6p = 6*(animal)+6% | 2.51 +£0.18
Heritability (h>= 6°animal/62p) 0.36+0.21

In this study the phenotypic variance was 2.51
mg/l, and the genetic variance was 0.92 mg/I
(Table 1).

Genetic variation between cows indicates that
there is ample opportunity to influence the
vitamin B12 content in milk. In the present
study the heritability (the proportion of
variation due to genetic variation) was 0.36,
suggesting that genetic selection could modify
milk vitamin B12 concentration (Table 1).

The genotype of the cow affects the amount of
vitamin B12 that ends up in its milk.

Genotype of cows influences the microbial
process in its rumen and after processes such as
vitamin B12 absorbance from the digestive
tract or secretion by the mammary gland.
Vitamin BI12 concentration in milk varied
among sampling months.

In this study, it was greater during spring and
fall months than during winter and summer
months (Figure 2).

4000 34008580500 3a0p)
000 5008900 5 > 295690
3000 z%?Q@SO% :
2000
1000
IFEPFEEEEERRE
0

Months

Figure 2. Vitamin B12 concentration in milk of cows
among sampling months

Different species of microorganism in the
rumen are involved in the degradation of forage
and concentrate.

Petri et al. (2012) showed that some strains of
ruminal bacteria could synthesize a greater
amount of vitamin B12 than others.



As vitamin B12 is synthesized by ruminal
microbes and a proportion of the synthesized
vitamin is secreted into milk, we could
reasonably hypothesize that what affects
apparent vitamin B12 ruminal synthesis would
also affect milk vitamin B12 concentration.
Apparent ruminal synthesis of vitamin B12 was
positively correlated with dietary Neutral
Detergent Fiber (NDF) and sugar contents and
negatively  correlated with Non  Fiber
Carbohydrate (NFC) contents in the trial of
Schwab et al. (2006).

Santschi et al. (2005) observed that apparent
ruminal synthesis of biologically active vitamin
B12 was greater with a 60:40 forage - to -
concentrate ratio diet.

Similarly, apparent ruminal synthesis was
about 3 - fold greater for cows receiving a high
- fiber diet compared with cows receiving a
high - starch diet (Beaudet et al., 2016).
Duplessis et al. (2016) showed that negative
relationship was observed between vitamin
B12 concentration in milk and ration crude
protein (CP).

Beaudet et al. (2016) concluded that apparent
ruminal synthesis of vitamin B12 was not
affected by 2 level of CP in the ration: 11.1%
and 14.3% CP on a dry matter (DM) basis.
Present day genetic selection by dairy breeding
organizations involves estimation of breeding
values which requires phenotypes of many
thousands of animals.

Phenotypes for vitamin B12 content in milk as
determined in the current study, are too
expensive for such large - sale collection.

Less expensive alternative phenotypes that
correlate with milk vitamin B12 content are not
currently available.

However, phenotype - based selection can also
be substituted by genotype - based selection.
Genotype - based selection require knowledge
on regions of the bovine genome associated
with vitamin B12 content in milk.

Rutten et al. (2013) reported on a genome -
wide association study to identify regions of
the bovine genome associated with milk
vitamin B12 content.

Identification of associated genomic regions
also contributes to the understanding of the
biological mechanism responsible for the
observed genetic variation in vitamin B12
content in milk.
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Significant association [-log 10 (P - value) >3]
was found between 68 SNP and vitamin B12
content in raw milk of 487 first — lactation
Dutch Holstein Friesian cows (Rutten et. al.,
2013).

Significantly associated SNP were spread over
16 Bos taurus (BTA) chromosomes.

Among the 68 significantly associated SNP,
cluster of at least 3 significantly associated
SNP, could be discriminated on BTA 5, BTA
8, BTA 10, BTA 13, BTA 14 and BTA 26.
Table 2 shows that most of the candidate genes
for vitamin B12 were actually genotyped for
one or more SNP as port of the genome wide
association study (Rutten et al., 2013), and
none of these SNP were significantly
associated with vitamin B12 in milk.

The lack of association between SNP and most
known candidate genes for vitamin B12
indicates that variation in other genes causes
most of the observed genetic variation in
vitamin B12 content in milk (Rutten et al.,
2013).

One glass (250 ml) of milk from cows in this
study, would have provided between 25-45%
of the recommended daily allowance of vitamin
B12.

Among individual cows, however, this
prevision varied between 20 and 62% of the
recommendation.

Our results will need to be confirmed, but they
open new research avenues on factors affecting
the vitamin B12 concentration in milk of dairy
COWS.

CONCLUSIONS

Genetic variation between Holstein Friesian
cows in vitamin B12 content in milk was
established.

The average heritability of 0.36 combined with
a coefficient of variation of 40% for vitamin
B12 content in milk indicates that the average
milk vitamin B12 content of Holstein Friesian
cow population can be increased by genetic
selection.

Our results will need to be confirmed on a large
Holstein Friesian cow population.



and significance of genotype SNP

Table 2. Candidate genes for vitamin B12 content in bovine milk with their genetic position

Gene Gene name Chromosome | Genomic position #SNP in Highest
symbol (Kbp)* gene® -log 10 (p-value)®
LRP2 low density lipoprotein 2 27,603, 435.27, 3 0.747
receptor - related protein 2 857,248
(Megalin)
MMADNC | methylmalonic aciduria 2 47,991, 127.48, 1 1.481
(cobalamin deficiency) 006, 635
MMACHC | methylmalonic aciduria 3 105, 516, 664, 106, 0 -
521, 668.
CD320 CD320 7 15,415, 307.15, 0 -
421,023
LMBRDI1 LMBRI1 domain containing 9 8, 373, 879.8, 506, 4 0.614
1 806
CUBN Cubilin 13 31,053,631.31, 10 2699
312,338
GIF gastric intrinsic factor 15 83,763, 128.83, 0 -
782,200
TCNI1 transcobalamin I 15 83, 791, 1 13.19
haptocorrin 407.83.806, 715
MMAA methylmalonic aciduria 17 73,590, 935.13, 1 0.169
603, 835
MMAB methylmalonic aciduria 17 66, 719, 631.66, 0 -
730, 086
TCN2 transcobalamin IT 17 72,841, 020.72, 0 -
857,003
MTRR 5-methyltetrahydrofolate- 20 68,917,318.68, 1 1051
homocysteine 946, 683
methyltransferase
reductase
AMN Amnionless 21 67,751, 621.67, 0 -
762,225
MUT Methylmalonyl CoA 23 22,488,908.22, 1 0.206
mutase 530, 197
ABCCI1 ATP - binding cassette, 25 15,453, 547.15, 2 0.656
sub-family C 606, 736
MTR S-methyltetrahydrofolate- 28 7,953, 588.8, 080, 2 0.599
homocysteine 514
methyltransferase

a - based on genome assembly BTAU 461
b - number of genotyped SNP in the gene and - log 10 (P - value) of the SNP that was most significantly associated with milk vitamin B12 content.

41




REFERENCES

Akins, M.S., Bertics, S.J., Socha, M.T., Shaver, R.D.
(2013). Effects of cobalt supplementation and vitamin
B-12 injections on location performance and
metabolism in Holstein Friesian dairy cow. J. Dairy
Sci., 96, 1755-1768.

Beaudet, V., Gervais, R., Graulet, B., Noziere, P.,
Doreau, M., Fanchone, A., Castagnion, D.S., Girard,
C.L. (2016). Effects of dietary nitrogen levels and
carbohydrate source on apparent ruminal synthesis of
some B vitamins in dairy cows. J. Dairy Sci., 99,
2730-2739.

Chanarin, 1. (1979). The Megaloblastic Anemia 2™
edition. London, UK: Blackwell Scientific Oxford
Publishing House.

Duplessis, M., Pellerin, D., Cuc, R.I., Girard, C.L.
(2016). Short communication:  Factors affecting
vitamin B-12 concentration in milk of commercial
dairy herds. An exploratory study. Journal of Dairy
Science, 99, 4886-4892.

Kim, J.M., Stewart, R., Kim, S.W., Yang, S.J., Shin, 1.S.,
Yoon, J.S. (2008). Predictive value of falate, vitamin
B-12 and homocysteine levels in late-life depression.
Br. J. Psychiatry, 192,268 —274.

Kincaid, R.L., Socha, M.T. (2007). Effect of cobalt
supplementation during late gestation and early
lactation on milk and serum measures. Journal of
Dairy Science, 90, 1880-1886.

Knaus, W. (2013). Re-thinking dairy cow feeding in
light of food security. AgroLife Scientific Journal,
11(1), 36-40.

Martens J.H., Barg, H., Warren, M., Jahn, D. (2002).
Microbial production of vitamin B-12. Appl.
Microbial. Biotechnol., 58, 275-285.

McDowell, L.R. (2000). Vitamin in animal and human
nutrition. 2 nd ed. lowa State University Press
Publishing House, Ames. U.S.A.

National Research Council (NRC) 2001. Nutrient
Requirements of Dairy Cattle: 7" Rev. Ed., National
Academies Press, Washington DC, USA.

Petri, R.M., Forster, R.J., Yang, W., McKinnon J.J.,
McAlister, T.A. (2012). Characterization of rumen
bacterial diversity and fermentation parameters in
concentrate fed cattle with and without forage. J. 4ppl.
Microbiol., 112, 1152-1162.

Preynat, A., Lapierre, H., Thivierge, M.C., Palin, M.F.,
Matte, J.J., Desrochers, A., Girard, C.L. (2009).
Influence of methionine supply on the response of

42

lactational ~ performance of dairy cows to
supplementary folic acid and vitamin B-12. Journal of
Dairy Science, 92, 1685-1695.

Russell, R.M., Baik, H., Kehayias, J.J. (2001). Older
men and women efficiently absorb vitamin B-12 from
and fortified bread. J. Nutr., 131,291-293.

Rutten, M.J.M., Aniek, C., Bouwman, R., Sprong, C.,
Van Arendonk, J.A.M., Visker, M.H.P.W. (2013).
Genetic Variation in Vitamin B-12 Content of Bovine
Milk and Its Association with SNP along the Bovine
Genome. PLOSONE; 8: e 62382.

Santschi, D.E., Chiquette, J., Berthiaume, R., Martireau,
R., Matte, J.J., Mustafa, A.F., Girard, C.L. (2005).
Effects of the forage to concentrate ratio on B-vitamin
concentrations in different ruminal factors of dairy
cows. Cam. J. Anim. Sci., 85, 389-399.

Schwab, E.C., Schwab, C.G., Shauer, R.D., Girard, C.L.,
Putnam, D.E., Whitehouse, N.L. (2006). Dietary
forage and non-fibre carbohydrate contents influence
B-vitamin intake, duodenal flow, and apparent ruminal
synthesis in lactating dairy cows. J. Dairy Sci., 89,
174-187.

Tiffany, M.E., Fellner, V., Spears, J.W. (2006). Influence
of cobalt concentrations on vitamin B-12 production
and fermentation of mixed microorganisms grown in
continuous culture flow- through fermenters. J. Anim.
Sci., 84, 635 -340.

Tucker, K.L., Rich, S., Rosenberg, 1., et al. (2000).
Plasma vitamin B-12 concentrations relate to intake
source in the Framingham Offspring study. 4Am. J.
Clin. Nutr., 71, 514-522.

Vogiatzoglou, A, Smith, A.D., Nurk, E., Berstad, P.,
Drevon, C.A., et al. (2009). Dietary sources of vitamin
B-12 and their association with plasma B-12
concentrations in the general populations: the
Hordaland Homocysteine Study. 4m. J. Clin. Nutr.,
89, 1078- 1087.

Vogiatzoglou, A., Refsum, H., Jonston C., et al. (2008).
Vitamin B-12 status and rate of brain volume 10SS in
community - dwelling elderly. Neurology, 71, 826-
832.

Weir, D.G., Scott, J.M. (1999). Cobalamins Physiology,
Dietary Sources and Requirements. In: Sadler M.J.,
J.J. Strair, B. Caballero, eds. Encyclopedia of human
Nutrition, 1, 394-401.

Zittoun, J. (1996). Cobalamins: an update of fundamental
and clinical data. Hematologie, 2, 119-129.



Scientific Papers. Series D. Animal Science. Vol. LXIII, No. 1, 2020
ISSN 2285-5750; ISSN CD-ROM 2285-5769; ISSN Online 2393-2260; ISSN-L 2285-5750

GROWTH PERFORMANCE AND MEAT QUALITY CHARACTERISTICS
OF LAMBS FROM DIFFERENT GENOTYPE

Elena ILISIU" 2, Vasile-Cilin ILISIU%, Rizvan-Aurelian RAUZ, Cristian-Vasile ILISIU?,
Teodora UNGUREANU?

'Research and Development Institute for Sheep and Goats Palas - Constanta,
I.C. Bratianu, 248, Constanta, Romania
2Caprirom Nord Association, Dedradului, 11, Reghin, Romania
3Association of Breeders for Conservation Species, Ciucului, 149, Sfantu Gheorghe, Romania

Corresponding author email: nuti.ilisiu2@yahoo.com

Abstract

Thirty male lambs from three genotype, Tsurcana (TA) und its crossbreed with Palas Meat Breed (PMB) and German
Blackface (GBF) (ten from each genotype) were used to determine the effects of breed on growth performance and meat
quality characteristics. Average daily gain in the period 0-153 days, final weight and warm carcass weight were higher
in GBF x TA lambs than to the lambs from TA and PMB x TA groups, and hot slaughter yield were higher in TA
compared to the lambs from GBF x TA and PMB x TA groups. Furthermore, except average daily gain and weight at 28
days (W28), 56 days (W56) and weaning weight (WW), the lambs from the three genotype did not show significant
differences for the other traits (P>0.05). PMB x TA lambs had the lowest scores in terms of differences of juiciness and
appearance than GBF x TA when compared with TA group, but higher scores in terms of differences of tenderness,
flavour, the difference of specific lamb taste and overall difference. In conclusion, when the breed is to be decided, the
PMB x TA lambs should be by consumers appreciated for meat quality and GBF x TA for growth performances.

Key words: flavor, juiciness, German Blackface, Palas Meat Breed, Tsurcana.

INTRODUCTION nucleus of males from Germany was brought to
the Research Station for Sheep and Goats
With a population of 9.98 million sheep, Reghin, in order to determine the combinability
Romania occupies in the year 2020 (after  value for meat production with the Tsigai
Brexit) the second place in sheep breeding  breed, existing in the unit. The crossbreed
sector in UE, the first place being occupied lambs obtained between German Blackface and
from Spain (FAOSTAT, 2020). Sheep breeding the Tsigai breed achieved an average daily gain
in Romania is usually performed by the use of  0of270 g.
native breeds (Tsurcana, Tsigai and Merino) The Palas Meat Breed is a new Romanian
and also using traditional methods - which are  breed, approved in 2012, which was formed by

similar to many countries in the Middle East. crossing of the Ile-de-France and Merino of
Tsurcana sheep breeds are usually triple- Palas breeds, followed by breeding isolation
purpose breeds, being reared for meat, milk and  and selection in the direction of increasing meat
wool.  Romanian indigenous  Tsurcana, production. The lambs in the pure breed realize

accounting over 6 million heads (Daraban et at intensive fattening an average daily gain of
al., 2009; Ilisiu et al., 2010). Its characteristics 280-300 g and a slaughter yield of 45-48%.

are the following: adult body weight of 45- The globalization of markets has resulted in
50 kg in ewes and 70-75 kg in rams, growth  greater economic integration, but at the same
rates of 110-160 g/day and 105-115%  time has imposed the need to meet quality
prolificacy (Georgescu et al., 2000). requirements to satisfy consumer demands. The
The German Blackface breed is characterized  meat industry and sheep producers must
by a birth rate of 94.11%, a prolificity of  comply with certain quality standards to meet
150.5%, a percentage of weaned lambs of  consumer demands and remain competitive in
132.4% (Daraban, 20006). It was introduced first the global market. Eating quality of lamb and
in Romania starting in autumn 1993 when a sheep meat has been examined by many
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researchers throughout the years (Weller et al.,
1962; Dransfield et al., 1979; Crouse et al.,
1981; Jeremiah et al. 1993; Braggins, 1996;
Young et al., 2003; Gkarane et al. 2017) and
has been shown to be affected by many pre-
and post-slaughter factors such as gender,
castration, diet, maturity, breed, processing
methods, aging, freezing, and packaging.
However, the method of action and influence of
these factors and their possible interactions on
lamb eating quality have frequently remained
unclear.

Studies that have examined breed effects on
lamb flavor characteristics have produced
inconsistent results. Cramer et al. (1970)
compared the flavor of meat produced by
Rambouillet, Targhee,  Columbia, and
Hampshire lambs and reported that among-
breed differences in meat flavor intensity
paralleled differences in wool fineness -
increased wool fineness was associated with
more intense meat flavor. Based on these
findings, they concluded that mutton flavor was
most detectable in meat from fine wool breeds
of sheep (Cramer et al., 1970). Similarly, Safari
et al. (2001) reported a stronger meat flavor for
straight-bred Merino lambs compared with
Border Leicester x Merino crossbred lambs. In
contrast, other reports suggest that breed has no
effect on lamb flavor (Dransfield et al., 1979;
Crouse et al., 1981; Duckett et al., 1999). In a
more recent study, Shackelford et al. (2012)
compared sensory properties of lamb produced
by progeny of several different sire breeds,
including Dorper, Dorset, Finnsheep, Katahdin,
Rambouillet, Romanov, Suffolk, Texel, White
Dorper, and Composite (1/2 Columbia, 1/4
Suffolk, 1/4 Hampshire). When compared at
the same age, lamb flavor intensity scores were
greater for progeny of Katahdin, Romanov, and
Texel sires than for progeny of Suffolk,
Composite, and Rambouillet sires; however, it
was noted by the researchers that the observed
breed differences in lamb flavor intensity were
relatively small (Shackelford et al., 2012).

In this context, it is necessary to know how the
breed affects the main characteristics of meat
and carcass quality. Investigations have
determined that breed (Crouse et al., 1981;
Hopkins and Fogarty, 1998), can affect the
characteristics of carcass and meat.
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The aim of this study was to determine the
growth performance and meat quality of
Tsurcana lambs and its crossbreed lambs with
Palas Meat Breed and German Blackface.

MATERIALS AND METHODS

Animals and experimental design

The study was conducted at a private sheep
farm in Mures County, 46°46' N/ 22°42'E; 395
m altitude; annual rain fall varies between 650-
700 mm; average temperatures 19/~3°C during
summer/winter, in the period September 2018-
September 2019. A total of 45 ewes were
separated from the herd and put into three
groups at the beginning of the breeding season
(15 ewes/groups), and mated with rams from
three genotype, as follows: Tsurcana breed
(TA), Palas Meat Breed (PMB) and German
Blackface (GBF) breed. 30 male lambs from
above mentioned genotype (10 from each
group) were used in the research. Lambs were
born in January-March interval. At birth or
shortly thereafter, lambs were identified with
ear tags and weighed (+ 0.1 kg). Sex, date of
birth, type of birth, dam and ram group were
recorded. The lambs were also weighed
monthly (+ 0.1 kg) up to 5 month age. Ewes
and their lambs were kept together under the
same management condition. Up to weaning,
the lambs were creep fed (ad libitum, 16%
crude protein pellets) and weaned at 75 days of
age. After weaning up to 5 month (153 days),
the lambs are raised on pastures, and the diet
consisted of pastures ad libitum and 300 g/head
pellets with 16% crude protein content.

The research activities were performed in
accordance with the European Union' Directive
for animal  experimentation (Directive
2010/63/EU).

Slaughter procedure, carcass characteristics
and dissections

At the end of rearing, 3 male lambs from each
genotype were brought to the abattoir for small
and large animals from Reghin City. The lambs
were weighed and then slaughtered. After the
removal of non-carcass components, the
carcass weights were recorded. Hot carcass
yield was calculated based on pre-slaughter live
body weight (LBW) and warm carcass weight
(WCW), after formula:

HSY% = WCW x 100/LBW.



Meat sensory evaluation

In order to be used in meat quality analyses, LD
muscle was removed from right side of the
carcasses at 2 h post-slaughter and were packed.
For sensory evaluation, meat samples were frozen
and kept at —18°C until the day before of panel
evaluation. Meat samples, which were served to
untrained panelists, were prepared according to
the methodology described by AMSA (2015).
Sensory characteristics of cooked samples were
assessed by 24 panelists using the degree of
difference test. The panelists assessed the lambs
breed difference in juiciness, tenderness, flavour,
appearance, the difference of specific lamb taste
and overall difference. The scale used has a seven
point category (scale 1 = no difference, 2 = very
small difference, 3 small difference, 4
moderate difference, 5 = big difference, 6 = very
big difference, 7 = extremely big difference).
Were evaluated meat from GBF x TA and PMB x
TA crossbreed lambs, compared to TA pure
breed.

Traits Definition

The traits investigated were classified as lamb,
carcass, and meat traits. Early growth traits
consisted of birth weight (BW); weight at 28
day (W28); weight at 56 day (W56); weaning
weight (WW); post-weaning weights at 5
months (W5M).

Carcass traits included warm carcass weight
(WCW) and hot slaughter yield (HSY).

Meat sensory characteristic refers to juiciness,
tenderness, flavor, appearance the difference of
specific lamb taste and overall difference.
Statistical analyses

In order to determine the effect of breed on
growth performance, carcass and meat quality
characteristics, the mean comparisons between
the three groups of the variables were carried out
using independent samples Student t-test of the
JASP procedure.

RESULTS AND DISCUSSIONS

The effects of breed on lamb growth
performance are presented in Table 1.
Significant differences (P< 0.05) were recorded
between the crossbreed lambs PMB x TA and
the others two groups with regard at W28, W56
and WW. Also, significant differences (P<0.05)
were found between PMB x TA and GBF x TA
with regard at W5M.

Table 1. Means + SE (standard errors) for body weight
evolution from birth up to 5 months for the lambs from

different genotype (kg)

Characteristics GBF x TA PMB x TA TAxTA
BW 4.04 +0.22° 4.09 £0.10° 4.04£0.11°
W28 1245071 | 1021 £0.66® | 12.95+0.91°
W56 19.00 +0.87* | 1598+ 1.06® | 20.40 + 1.51°
WW 23.19+1.33° | 18.90+ 1.38% | 24.27+1.69"
W5M 32.79+£2.49* | 25.86+ 1.80° 28.68 £ 1.65%
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“®Means in the same line with different superscripts are significantly
different (P<0.05).

The average daily gain (Table 2) were
significantly higher in Tsurcana lambs than in
GBF x TA crossbreed lambs (P<0.001) in
birth-weaning period and in GBF x TA
compared with PMB x TA in birth - 28 days
(P<0.01) and birth - 5 months (P<0.05). Also,
significant differences (P<0.05) were found
between PMB x TA and TA x TA with regard
at ADG birth - 28 days and ADG birth -
weaning.

The effects of the breed on carcass quality
characteristics are shown in Table 3. TA x TA
lambs presented higher hot slaughter yield.
However, there were no significant differences
between the three genotypes in terms of these
traits.

Table 2. Means + SE (standard error) for average daily

gain (ADG - g) evolution from birth up to 5 months for
lambs from different genotype

Characteristics GBF x TA PMB x TA TAxTA
ADG birth - 300.36 +£20.00" | 218.57 £24.3 |318.21+32.36"
28 days

ADG 28 - 233.94 £26.69* | 206.07 +20.18" | 266.07 + 36.88"
56 days

ADG birth - 253.59 + 13.60° | 226.00= 17.00%* | 271.00 + 17.00°
weaning

ADG birth - 182.20 £ 14.10* | 147.12 £ 10.76" | 157.48 +£9.58*
S months

*®Means in the same line with different superscripts are significantly
different (P<0.05, P<0.01, P<0.001).

Table 3. Means = SE for hot slaughter yield of lambs
from different genotype

Characteristics GBF x TA PMB x TA TAxTA
LBW, kg 38.33+1.59 35.50+1.26 36.50 +0.29
WCW, kg 18.05 +1.59 17.08 +0.68 17.80 £0.17
HSY, % 46.90 +2.20 48.37+3.52 48.78 = 0.86

GBF x TA crossbreed lambs were slaughtered
at higher slaughter weight than PMB x TA and
TA x TA lambs, although all lambs were at
similar ages in the research. These differences
in final live weight might be explained by the
effect of breed. The average daily gain for the
two period (pre-weaning and post-weaning)
were higher in the suckling period, and



between groups, were higher for TA x TA
lambs compared to GBF x TA and PMB x TA.
Post-weaning, the ADG were higher for GBF x
TA lambs.

Although GBF x TA crossbreed lambs had
higher live body weight and warm carcass
weight, the hot carcass yield were higher to TA
x TA breed, followed of PMB x TA lambs.
Sensory characteristics of meat are presented in
Table 4.

Table 4. Means = SE for meat sensory characteristics of
lambs from different genotype

Characteristics N Genotype

GBF x TA PMB x TA
Juiciness 24 3.67+0.34 3.29+0.25
Tenderness 24 4.13+£0.34 4.18+£0.27
Flavour 24 3.58+0.31 3.92+0.27
Appearance 24 3.29+0.32 2.88+0.23
The difference of specific 24 3.46+0.37 4.08+0.32
lamb taste
Overall difference 24 3.83+0.32 421+0.28

Discussions

GBF x TA crossbreed lambs were slaughtered
at higher slaughter weight than PMB x TA and
TA x TA lambs, although all lambs were at
similar ages in the research. These differences
in final live weight might be explained by the
effect of breed. The average daily gain for the
two period (pre-weaning and post-weaning)
were higher in the suckling period, and
between groups, were higher for TA x TA
lambs compared to GBF x TA and PMB x TA.
Post-weaning, the ADG were higher for GBF x
TA lambs. Although GBF x TA crossbreed
lambs had higher live body weight and warm
carcass weight, the hot carcass yield were
higher to TA x TA breed, followed of PMB x
TA lambs.

Lamb flavour, tenderness, the differences of
specific lamb taste and overall difference
perception of panelists were influenced by
breed in the present study. Meat preferences of
consumers are associated with socio-economic
factors, ethics or religious believe and tradition
(Font-i-Furnols and Guerrero, 2014). For
instance, a highly preferred meat flavour in one
culture, region or country may be perceived as
less preferable or unacceptable in another
(Schreurs et al., 2008). Overall difference scores
given to lamb could be reflection of the meat
tenderness, flavour intensity and quality
perception of panelists (Ekiz et al., 2012). In
particular, flavour which can be the determining
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feature in acceptance or rejection of the meat, is
an important aspect for consumer preferences
(Schreurs et al., 2008). The highest scores in
terms of flavour and tenderness difference, as
well as for the differences of specific lamb taste
and overall difference were given to meat from
PMB x TA crossbreed lambs.

The effect of breed on lamb flavor has been a
topic of interest for many years (Jacobson and
Koehler, 1963; Duckett et al., 1999; Elmore et
al., 2000; Sanudo et al., 2000) many of which
have reported no differences in lamb flavor due
to breed or sire breed in crossbred studies (Fox
et al., 1962; Dransfield et al., 1979; Mendenhall
and Ercanbrack, 1979; Crouse et al., 1981).
Researchers who have found significant
differences in flavor based on breed or sire
breed have hypothesized why breed may or
may not have an influence on flavor. Cramer
(1983) suggested that wooled sheep might
possess a mechanism for sulphur (S) storage,
because wool is abundant in the amino acid
cysteine. It is known that cysteine contains
disulfide bonds between their thiol groups
which in theory would cause sheep to have a
higher S requirement than other meat
producing livestock.

CONCLUSIONS

We found that growth rate and carcass weight
were higher for GBF x TA crossbreed lambs.
On the other hand, TA pure breed and PMB x
TA lambs had higher values in terms of hot
slaughter yields than GBF x TA lambs.
Furthermore, results of sensory analyses
indicate that meat from PMB x TA lambs had
higher value of tenderness, flavour, the
difference of specific lamb taste and overall
difference as meat from GBF x TA lambs,
when compared with meat from TA pure breed
lambs. The results of the current study indicate
that GBF x TA lambs had higher growth
performances than TA pure breed and PMB x
TA lambs, and meat of PMB x TA is better
appreciated by consumers.
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Abstract

1t is known that the performances of the cows are influenced by the value of the mother and the value of the father for
which it is important to know and group the performances so that the influence of the father can be highlighted.
Therefore, the present study was conducted in order to identify the families of bulls, to study the
performances of their daughters and also to determine their influence on these performances, analyzing the
performances for milk production, percentage and quantity of fat and protein for cows that have completed
maximum IV lactation. The biological material studied was grouped into 19 families with a total of 262 milk
cows, the family with the highest milk production being given by the family with the Janther bull with an
average production of 7975.80 + 225.16 kg milk while the family with the smallest amount of milk was that
of the bull Jecko Embriotransfer with an average production of 6474.20 + 546.12 kg. The results obtained
from this study indicate that the bull with the most influence on the descendants is the Janther bull, having
the highest average yields on the quantity of milk, the quantity of fat in milk as well as on the quantity of
proteins.

Key words: fat, milk, quality, protein.

INTRODUCTION number of dairy products (over 1000 products)
which contributes to the diversification of
Cattle are the largest farm animals in the world ~ human nutrition.
and play an extremely important role globally = The large milk productions that can be obtained
both as a source of food and because they help nowadays from this species are the results of
increase and maintain the fertility and health of  the work of man who, by applying methods of
the earth (Acatincai, 2004). genetic improvement, has perfected the breeds
The importance of raising cattle is given by the  of cattle (Ivancia, 2007; Creanga et al., 2008;
variety of products they provide, they are Saraz et al., 2017).
divided into main products: milk and meat and  Although the amount of milk is the main factor
by-products: skins, slaughterhouse by-products,  that gives profitability to a dairy farm, the
horns, blood, hair, nails and manure quality of milk also has an important economic
(Sumovschi, 2016). impact, especially the percentage of milk fat,
The importance of milk lies both in the special ~ which dictates its price (Atasever et al., 2018;
nutritional value and the fact that it can be Schlee et al., 1994; Bishop et al, 1994;
transformed into a very large and diverse Croiseau et al., 2009).
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The percentage of milk protein and especially
the casein fraction kappa - casein has a particu-
larly important role in the cheese industry, this
fraction having a special impact in the
coagulation stage of milk (Ivancia, 2004; Aston
etal., 1994).

Currently, in Romania, milk production does
not meet the requirements at the national level,
so it is necessary to increase milk production
both by improving maintenance conditions and
by improving the quantity and quality of milk
(Dragotoiu and Pop, 2015; Pintea et al., 2008;
De Brabander et al., 1999).

To achieve this goal, it is necessary to know the
breeding value of cattle and their influence on
offspring. In this paper we aimed to identify the
families of bulls, to study the performance of
their daughters and to determine what is their
influence on these performances. Therefore, we
analyzed the performance for milk production,
analyzing the amount of milk, the percentage
and the amount of fat and the percentage and
the amount of protein, in cows that completed a
maximum of IV lactation in 2017.

MATERIALS AND METHODS

The biological material was represented by 262
dairy cows of the Baltata cu negru Romaneasca
(Romanian Black Spotted) breed located within
the Dancu lasi Cattle Breeding Research and
Development Station with lactations concluded
between 01.10.2016 - 10.10.2017.

Some of the information was taken from the
registers of "Classification of females accor-
ding to milk production in MS, on standard
lactation, with determined production and
statistically relevant" between 01.10.2016 -
30.09.2017. According to the data taken, a
sorting was performed that would allow us to
form families by bulls.

Data on the amount of milk, percentage and
amount of fat, percentage and amount of
protein were statistically processed.

Compiling families according to father.

Bull River George Morty Keith, USA
00006159377, has 8 daughters inside the resort
with lactations concluded between 01.10.2016 -
10.10.2017.

Bull Lantana, DE 000937712020, has 16
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
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Mason Taurus, FR 002258172065, has 9
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017
Bull Aquolino, IT 004902500933, has 6
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Janther, DE 000343983068, has 5
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017
Bull Esprel, DE 000341614334, has 4
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Amedo E.T. DE 001601144673, has 8
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Harry E.T. USA 0060083723, has 6
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Alidio, IT 004902500933, has 5 daughters
inside the resort with lactations concluded
between 01.10.2016 - 30.09.2017.

Bull Master, DE 000940486348, has 5
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Matron, NL 00034904965, has 5
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Tunis, DE 001401422341, has 5
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Jobs E.T., DE 000347023454, has 6
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Enos E.T., DE 000113140063, has 3
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Jecko E.T., DE 000578914022, has 3
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Omajo Wideview Ballack, NL
000427218361, has 42 daughters inside the
resort with lactations concluded between
01.10.2016 - 30.09.2017.

Bull Bonos, NL 000350854757, has 38
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Bull Elevit, DE 000943121111, has 38
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.
Jockmon E.T. bull, DE 000374303216, has 39
daughters inside the resort with lactations
concluded between 01.10.2016 - 30.09.2017.



RESULTS AND DISCUSSIONS

The main characteristics pursued were
represented by the performances of the
families; in order to be able to observe the
father's influence on the daughters' productions,
it was necessary to calculate the family

average and the coefficient of variability within
the families for each character studied.

A first index followed was represented by the
quantity of milk, where it is found that the
highest average was obtained in the Janther bull
family, 7975.80 + 225.16 kg of milk, the
variations being between 7408 and 8495 kg of

averages, the standard deviation from the  milk (Table 1).
Table 1. Estimators for the quantity of milk character (kg)
No. - Limitation
No The name of the bull daughters/bull X + sx (kg) V (%) Min. Max
1 RIVER 8 7626.53+£328.22 12.17 6650 8848
2 LANTANA 15 7586.35+£145.15 7.65 6609 8470
3 MASON 9 7748.44+166.6 6.45 7085 8781
4 AQUOLINO 16 7269.27+£184.86 10.17 5911 8594
5 JANTHER 5 7975.80+£225.16 6.31 7408 8495
6 ESPREL 4 7735.00+£306.90 7.94 6943 8338
7 AMEDO E.T. 8 7187.25+178.71 7.03 6676 8273
8 HARRY E.T. 6 7268.50+288.36 9.72 6099 8214
9 ALIDIO 5 7290.40£127.99 3.93 6865 7637
10 MASTER 5 6785.00+£123.15 4.36 6302 7076
11 MATRON 5 6943.80+£164.24 5.28 6488 7450
12 TUNIS 5 7805.20+341.08 9.77 6870 8585
13 JOBS E.T. 6 7251.67+263.87 8.91 5984 7747
14 ENOS E.T. 3 7564.67+178.00 4.07 7270 7885
15 JECKO E.T. 5 6474.20+£546.12 18.86 5076 7781
16 BOBAS 38 7065.68+110.03 9.60 5396 9265
17 ELEVIT 38 7042.88+115.93 10.15 5273 8722
18 JOCKMON E.T. 39 7243.76x105.23 9.08 5761 9094
19 O.W.BALLACK 42 7535.62+117.44 10.10 4608 8848

Regarding the studied character, it presented a very
good homogeneity, the value of the coefficient of
variation being 6.31%.

As for the smallest amount of milk, it was obtained
from the family of the bull Jecko E.T. namely,
6474.20 + 546.12 kg of milk with variation limits
between 5076 and 7781 kg of milk.

For the percentage of milk fat, it is found that the
highest average was obtained in the Mason bull
family, 4.25 + 0.017% milk fat, varying between
4.12 and 4.25% (Table 2).

The lowest average fat percentage was obtained in
the Matron bull family, namely, 4.10 = 0.014%
milk fat with variation limits between 4.08 and
4.16% milk fat (Table 2). Studying the coefficient
of variation for the percentage of milk fat, it can be

seen that the most homogeneous family is the

family of the Harry Embriotransfer bull (V%
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0.32) and the most heterogeneous family is that of
the bull Enos Embriotransfer (V% = 2.89) (Table
2).

For the amount of milk fat, it is found that the
highest average was obtained in the Janther bull
family, 330.00 = 11.91 kg fat, ranging between
300 and 356 kg total fat in milk.

The lowest average amount of fat in milk was
obtained in the family of the bull Jecko
Embriotransfer, 27720 =+ 23.54 kg with
variation limits between 213 and 230 kg total
fat in milk (Table 3).



Table 2. Milk fat percentage (%) estimators

No | The name of the bull | % d?)‘l‘lgl:"“s / X + sy (%) V (%) Min%'m‘tat“’l'\‘m.
0 1 2 3 4 5 6
1 RIVER 8 4.15+0.022 1.53 4.05 4.26
2 LANTANA 15 4.14=0.011 1.05 4.03 4.24
3 MASON 9 425:0.017 1.20 4.12 4.29
4 AQUOLINO 16 4.15:0.018 1.73 3.94 4.5
5 JANTHER 5 4.1320.04 1.45 4.04 4.19
6 ESPREL 4 4.17+0.04 2.04 4.08 4.29
7 AMEDO E.T. 8 4.140.014 0.93 4.09 4.20
8 HARRY E.T. 6 4.15+0.005 0.32 4.13 4.16
9 ALIDIO 5 4.18%0.009 0.47 4.16 421
10 MASTER 5 41720015 0.80 4.13 4.22
11 MATRON 5 4.15:0.014 0.78 4.08 4.16
12 TUNIS 5 4.12+0.021 1.16 4.07 417
13 JOBS E.T. 6 4.11=0.020 121 4.06 4.20
14 ENOS E.T. 3 4.20+0.07 2.89 4.13 434
15 JECKO E.T. 5 4.150.016 0.84 411 4.20
16 BOBAS 38 4.15+0.009 1.32 4.05 4.29
17 ELEVIT 38 4.15+0.008 114 4.05 4.27
18 JOCKMON E.T. 39 4.1320.007 1.02 4.05 4.26
19 O.W. BALLACK 42 4.17+0.008 1.30 4.02 4.29

Table 3. Milk fat estimators (kg)

No | The name of the bunl | % di‘:lgl:‘te“ / X + sz (kg) V (%) MinL_'m"at“’l'\‘,[aX.
1 RIVER 8 316.88+14.1 12.58 259 369
2 LANTANA 15 311.2146.39 821 231 359
3 MASON 9 329.00+6.06 5.23 302 362
4 AQUOLINO 16 302.50+8.67 11.50 241 364
5 JANTHER 5 330.00+11.19 7.58 300 356
6 ESPREL 4 323.00£15.18 9.40 285 348
7 AMEDO E.T. 8 297.63+7.66 7.28 275 343
8 HARRY E.T. 6 308.50+7.42 5.89 294 340
9 ALIDIO 5 305.00+5.50 4.03 286 318
10 MASTER 5 291.00+4.15 3.19 280 305
11 MATRON 5 284.60+7.06 5.55 263 305
12 TUNIS 5 321.60+12.66 8.80 287 349
13 JOBS E.T. 6 304.83+3 81 3.14 294 318
14 ENOS E.T. 3 317.67+4.81 2.62 311 327
15 JECKO E.T. 5 277.20+23.54 18.99 213 320
16 BOBAS 38 290.06:4.43 9.41 224 378
17 ELEVIT 38 294.24+4.92 10.30 221 363
18 JOCKMON E.T. 39 300.02+4.36 9.07 237 376
19 O.W. BALLACK 42 315.20+4.91 10.10 193 366

Regarding the percentage of milk protein, it is
found that although the highest average was
equal to the families of River, Janther and Alidio
bulls with an average production of 3.47%, the
Alidio bull family has the lowest standard
deviation of the average, of + 0.14 compared to
the standard deviation of the average River and
Janther bulls that have a standard deviation of +
0.18 of the percentage of milk protein (Table 4).

The lowest average protein percentage was
obtained in the Tunis bull family with an
average milk protein production of 3.39 + 0.015
with limits between 3.37 and 3.45%.

The study of the coefficient of variation for the
percentage of milk protein can be found that the
most homogeneous family is the Lantana bull
family (V% = 0.4), and the most heterogeneous
family is that of the Enos Embryotransfer bull
(V% =1.91) (Table 4).
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Table 4. Milk protein percentage (%) estimators

No | The name of the bull dauglﬁg;s bull X + 55 (%) V (%) Min%"“‘ta"“;m.
0 1 2 3 4 5 6
1 RIVER 8 3.47+0.018 1.46 3.39 3.55
2 LANTANA 15 3.45£0.003 0.40 3.36 3.52
3 MASON 9 3.3420.021 1.82 337 3.56
4 AQUOLINO 16 3.45+0.005 0.61 3.42 3.50
5 JANTHER 5 3.47£0.018 118 3.40 3.51
6 ESPREL 4 3.43+0.015 0.87 3.40 347
7 AMEDO E.T. 8 3.47£0.012 1.01 3.42 3.51
8 HARRY E.T. 6 3.46+0.023 1.65 338 351
9 ALIDIO 5 3.47+0.014 0.92 3.43 3.52
10 MASTER 5 3.44£0.017 1.10 3.40 3.49
11 MATRON 5 3.45£0.009 0.60 3.43 3.48
12 TUNIS 5 3.39£0.015 0.97 337 3.45
13 JOBS E.T. 6 3.43+0.017 1.23 3.39 3.51
14 ENOS E.T. 3 3.44+0.034 1.91 338 3.51
15 JECKO E.T. 5 3.43+0.026 1.72 3.36 3.49
16 BOBAS 38 3.45+0.008 1.39 338 3.60
17 ELEVIT 38 3.44£0.006 115 338 3.55
18 JOCKMON E.T. 39 3.45+0.007 121 338 3.61
19 | O.W.BALLACK 2 3.43£0.006 112 3.35 3.49

For the amount of protein, it is found that the
highest average was obtained in the Esprel bull
family, 265.75 + 10.09 kg of protein (Table 5)
ranging between 238 kg and 283 kg of protein in

The lowest average amount of protein in milk
was obtained in the family of the bull Jecko
Embriotransfer, 228.40 + 19.05 (Table 5) with
limits between 177 and 264 kg of protein in

milk. milk.
Tablel 5. Protein quantity estimators (kg)
No | The name of the bull | N daughters/ X + sy (%) V(%) pmation
1 RIVER 8 264.38+10.81 11.57 218 303
2 LANTANA 15 260.75+4.89 7.5 226 295
3 MASON 9 268.00+5.23 5.86 248 297
4 AQUOLINO 16 259.16+5.07 7.83 204 297
5 JANTHER 5 276.80+8.42 6.80 252 296
6 ESPREL 4 265.75+10.09 7.59 238 283
7 AMEDO E.T. 8 249.00+5.94 6.74 229 284
8 HARRY E.T. 6 257.17+6.32 6.02 240 282
9 ALIDIO 5 253.20+5.12 4.52 235 265
10 MASTER 5 240.80+2.54 2.36 233 249
11 MATRON 5 240.00+5.93 5.53 223 259
12 TUNIS 5 264.60+10.78 9.12 237 289
13 JOBS E.T. 6 254.67+3.45 3.32 245 266
14 ENOS E.T. 3 260.33+5.33 3.55 255 271
15 JECKO E.T. 5 228.40+19.05 18.65 177 264
16 BOBAS 38 242.14+3.71 9.45 189 316
17 ELEVIT 38 243.61+3.91 9.88 187 301
18 JOCKMON E.T. 39 250.25£3.36 8.39 201 313
19 O.W. BALLACK 42 258.92+3.88 9.71 155 300

Regarding the coefficient of variation for the
amount of milk protein, it can be seen that the
most homogeneous family is the Master bull

family (V% = 2.36) and the most heterogeneous
family is that of the Jecko Embriotransfer bull

(Table 5).
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CONCLUSIONS

For the study, 19 families were grouped with a
total of 262 dairy cows.

For the quantity of milk the family with the
highest milk production was that of the Janther
bull where the average production was 7975.80
+ 225.16 kg of milk ranging between 7408 and
8495 kg of milk while the family with the
lowest average production was the bull family
Jecko Embryotransfer with an average milk
production of 6474.20 + 546.12 kg, with limits
between 5076 and 7781 kg milk.

Regarding the character of the percentage of fat
in milk, it was found that the Manson bull
family had the highest average production, of
4.25 £ 0.017% with limits between 4.12% and
4.25%.

Regarding the amount of fat in milk, the
highest values were in the Janther gold family,
with a production of 330.00 + 11.19 kg of fat,
while the lowest average amount of fat was
identified in the Jecko Embriotransfer bull
family, with a production of 277.20 + 23.54 kg.
The highest average milk protein content was
identified as belonging to the River, Janther
and Alidio bull families, with an average
production of 3.47% and an average standard
deviation of = 0.14 to + 0.18, with variation
limits between 3, 39% and 3.55%.

For the amount of milk protein, the Janther bull
family was identified as having the highest
average production, of 276.80 + 8.42kg, while
the Jecko Embriotransfer bull family had an
average protein quantity of 228.40 £+ 19.05kg.
The bull with the most bitter influence on the
offspring is the Janther bull, having the highest
average yields for the amount of milk, the
amount of milk fat, the percentage of milk
protein and the amount of milk protein.
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Abstract

Within the performance control activities of the skin production, for the analysis of the uniformity of the curls, we focus
on the main characteristics that influence the expression and the externalization of a genotype with a certain type or
form of curl with approximately equal values of the basic dimensions. To create conditions for genetic expression of the
uniformity of the type of curls, it is necessary to follow the improvement of the following parameters: the length, the
height, the width, the degree of closure, spiral direction, the contour and the distance of the curls on the skin surface.
The method applied in the assessment of the specific characteristics of the research carried out was based on the
technical norms specified in Section 1.4 and 1.5 of the MADR Order no. 22/20.01.2006, and the statistical processing of
the data was based on the use of the computer program S.A.V.C. The obtained results show that between the average
score determined for this character in the grayish variety and the black one, the difference is insignificant but the one
between grayish and pink and grayish and grey is significant for P<0.01%, and the one between grayish and brown is
significant for P<0.05. In the brown variety it is found that if at the first generation since the establishment of the breed
register the proportion of those with maximum score was 46.33% at the generation evaluated in 2015, it is found that at
almost 70% a good uniformity is obtained, resulting in a progress 2.35% genetically for each successive generation
within that 10-year period.

Key words: curl uniformity, Karakul of Botosani sheep, pelts.

INTRODUCTION Nechifor et al., 2016; Pascal, 2001; Schoeman,
1998).
The uniformity of all the curls from the skin ~ Enumerating these requirements that ensure
surface has always been an important objective  uniformity emphasizes the complex aspect and
of improving the Karakul of Botosani sheep  the high degree of correlation of this character
because it also influences the way of expressing ~ with other reasons for which the effect of the
other characters such as length, degree of  improvement is quantified with a lower
closure, width and height and is expressed in an  intensity. Regarding this last remark it can be
original way on the general appearance of the  said that "no matter how rigorous the selection,
skin, influencing their  aesthetic = and it is not possible that within the same skins,
commercial value. even being elite there are only one or two forms
This character is a special criteria and an of curls" (Tafta et al., 1996, Nechifor et al.,
important objective of improving the quality of ~ 2019).
skins. The trend and the desire of the breeder is Another drawback that can reduce the effect of
to create the technical conditions for producing selection is because the uniformity of the curls
some types of skins, to meet the existence on is difficult to obtain due, they depend on many

their surface of curl’s uniform as type, size, other characters.

degree of closure, spiral direction, alignment  Studies conducted in this regard show that on
mode etc. (Buzu, 2018; Hrinca et al., 2014; the surface of the skin the most uniform curls
Ifiiguez et al., 2008; Mochnacs et al., 1978, are arranged in the upper-posterior part (croup,

shafts, spine); it follows in order of uniformity -
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the lateral parts (the upper part of the thighs,
flanks and ribs to the back); on the third place
in the top of the expression of the desired type
are the curls located on the chest and neck; the
most uneven curls are arranged on the head,
sternum and middle part of the abdomen
(Evtodienco et al., 2019; Nechifor et al., 2014,
Pascal et al., 1995; Pascal, 2015).

MATERIALS AND METHODS

The number of sheep from which the lambs
came from, based on which the current status of
the improvement was evaluated for the main
characters on which the skins quality depends,
is found in over 95% in the particular sector in
the counties breeding area, the difference was
represented by lamb obtained from SCDCOC
Popauti - Botosani sheep. The biological
material analyzed was represented by the
purebred Karakul of Botosani lambs belonging
to all the varieties of color, obtained over the
course of three successive generations,
originating from breeding seasons that took
place in 2013, 2014 and 2015.

Uniformity of curls is appreciated by observing
the lamb from distance on both sides of the
body, establishing if exist one or more types of
curls, as well as the occupied surface and their
distribution way on different corporal regions.
Function of those characteristics curl’s
uniformity could be: good, medium or weak.

In order to increase the degree of evaluation
and, implicitly, the accuracy of the data
regarding the characters on which the quality of
the skins depends, the following conditions
were met:

from each flock, all the lambs were
evaluated in the same place and under
the same conditions;

all the assessments were made during
the morning, until noon;

from each flock, all the lambs were
evaluated by a unique technical
personnel so that there would be the
same level of exigency;

every day, the evaluation started with
the lambs of a lighter color and
continued with those belonging to the
darker varieties.

The data obtained were compared with those
obtained in the performance control of the first
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generation of lambs obtained from the
establishment of the Genealogical Register,
respectively the generation of lambs from 2005.
The statistical processing of the data was based
on the use of the computer software S.A.V.C.
(Statistical ~ Analysis of Variance and
Covariance 2003). To test the statistical
significance of the differences between the
averages parameters values studied and the
correlations between them, the variables
analysis (ANOVA Single Factor) and the
Pearson Correlation algorithms were used, both
included in the computer program used.

RESULTS AND DISCUSSIONS

Curl’s uniformity represents one of the features
which had a direct influence on pelts value. As
much as the totality of curls are more uniform
as type and shape on its surface, with that much
the pelt is more valuable. Existence of only one
type of curl is impossible from biological point
of view, but also the situations in which are
founded over 4 curl types are not admissible.
On the pelt of Karakul of Botosani lambs the
quality of curls differs. So, the most valuable
curls are disposed on the upper-posterior side
(rump, loin, dorsum); followed in order of
quality by lateral sides (upper part of thighs,
flanks and ribs till back); on the third place in
curl’s quality top are situated the ones from
chest and neck; the weakest curls are disposed
on head, stern and middle part of abdomen
(Nechifor et al., 2019; Pascal, 2015; Pascal,
2011).

Evaluation of this character is made in the first
day of life and in relation to how the uniformity
is perceived, 50 points are awarded when over
65% of the curls have relatively similar
characters, only 25 points when the presence of
similarities is identified at 40% and 65% of the
total of the curls, another 20 points when
maximum 30% of the curls have a uniformity
easy to record.

Processing data shows that the average score of
this character has values higher than 43 points
for the black and grayish variety, lower for the
grey (26.69 points) and intermediate for pink
and brown (39.59 and 39.87 points) (Table 1).
In the black variety the statistical calculation of
the data shows in the first place the existence of
genetic progress and in the second a degree
with a different rate of improvement from the



first generation entered in the Genealogical
Register of the Karakul of Botosani breed (the
one from 2005) until the last generation of
lambs analyzed in these researches (2015).

If in 2005 the population of lambs subjected to
the productive evaluation found that at a
proportion of only 9.40% the uniformity of the
curling was good, due to the intensification of
the selection it reached that in 2015 more than
65% of the analyzed individuals have a good
uniformity.

Table 1. The average score and statistical parameters for
the uniformity of the curl according to the color variety

CoAlor no. } +5- s V%
variety *
Black 1158 44.93+0.460 10.065 22.430
Grayish 1184 43.07+0.326 11.199 26.001
Brown 431 39.87+0.595 12.287 30.818
Grey 533 26.69+0.208 4.75 17.795
Pink 106 39.59+0.537 12.576 32.628

Also, compared to the same year, the cases in
which the lambs presented an accepted
modeling increased from 67.82% to almost
81% in 2013. Regarding this maximum level,
reached in 2013, because the increased
exigencies in appreciating this character there
is a decrease of this lambs category by 7.98%.
By granting the maximum score to the lambs
that present 75% of a high degree of uniformity
it has the role of amplifying the externalization
in genotype of this character, and the curls to
have a higher degree of uniformity expression
for length, width, height etc.

For the grayish variety, the average score
calculated for this character was 43.07 + 0.326,
which indicates that the improvement is in real
progress. The efficiency of selection and
genetic progress is also supported by the fact
that with each generation there is an increase in
the proportion of individuals with good
uniformity of curls. Compared to 2005, the
proportion of those with a good uniformity
increases from 68.79% to 86.89%, which
indicates an improvement of this character by
about 1.81% per generation (Table 2).

These data suggest that the process of breeding
amelioration is performed in the desired sense
and is easy to quantify, and is also supported by
the fact that individuals who showed low
uniformity were totally eliminated from the
population.

56

To present the evolution of breeding degree for
curl’s uniformity function of season and color
variety the obtained data for appreciation of the
desired character are synthesized in Figure 1.
Their analysis shows different situations for
those five color varieties and implicit the fact
that curl’s breeding under the aspect of
uniformity is situated on different levels.

At evaluation of the character represented by
curl’s uniformity was observed that in each of
those three seasons from which lambs were
gathered the highest score was obtained in the
case of appreciation of black and grayish
lambs.

In the case of both varieties the mean score for
a good uniformity was higher than 72 points
and the highest level of the score was recorded
in the case of evaluation of grayish lambs
obtained in the calving season from 2015. In
this case, at effectuated evaluations was
observed that a high rate of studied lambs, curl
had an increased uniformity and in the case of
majority of curls distributed on pelts surface
those ones had almost the same shape and
dimensions as length, height and width.

At pink and grey varieties due to the fact that
those ones are composed colors, the white
fibers located in curl’s structure had a greater
length face to the dark one, so curl is more
irregular.

A diminishing of curl’s uniformity could be
observed at these varieties also regarding curl’s
shape, the ones with short, large and high tubes
are dominant.

Generally, at brown, grey and pink variety the
effectuated appreciations indicate a reduces
degree  of character breeding, aspect
highlighted also by the fact that mean score
was between 63.34 points at grey lambs
appreciated in 2014 and 69.82 points at the
brown ones evaluated in 2015.

Therefore, for increasing the uniformity degree
of curls is imposed an intensification of
breeding based on the increasing of selection
degree and a better matching of mating.
Efficiency of color breeding in the case of
homogenous mating is measurable when it is
working with small batches or sub-populations,
at which are assigned valuable breeders with
features at least at the level of the animals from
those batch (Pipernea, 1974, cited by Creangs,
2007).



Regarding the statistical significance of the
differences, it is found that between the average
score determined for the grayish variety and for
other colored varieties (grey and pink) they are
significant for the P<1 threshold and the one
between the grayish and brown is significant
for the 5% threshold, and between grayish and
black no significance of the differences for the
statistical thresholds taken into account is
recorded (Table 3).

At the brown variety the process of
improvement is in full development - an aspect
that is easy to highlight from the analysis of the
proportion of lambs from each generation that
have met the minimum requirements for
granting the maximum score. Thus, if at the
first generation since the establishment of the
breed register the proportion of those with the
highest score was 46.33% at the evaluated
generation in 2015, there is an increase of
23.49%, representing a genetic progress of
2.35% per generation newly obtained. Also, the
lack of lambs with low uniformity shows the
efficiency of selection and improvement of this
character.

Continuing the selection, at least at this level of
intensity, will cause the share of lambs with a
phenotypic expression characteristic of an
accepted uniformity to generate a constant
increase in each generation, but also to increase
the average score above the level of 39.87 +
0.59 as it was obtained in 2015. Another
argument of the good direction in which the
improvement of this character takes place is

represented by the lack of lambs whose
uniformity is low.

In the pink and grey color varieties the process
of improvement is slower because the current
objective is to increase the size of the
population. Therefore, only individuals who
express in the genotype major deviations of the
desired type are eliminated in the selection.
This explains also that the average score has
values less than 40 points in pink and less than
30 points in grey.

However, by the fact that for the pink variety
the average score was 39.59 + 0.53 and at the
grey of 26.69 + 0.20 it indicates a different
level of improvement of the respective
character in the two varieties of color. Keeping
a minimum threshold for admission into the
livestock and eliminating from the active
population individuals who had a major
deviation from the desired type has made the
current generations subject to research,
individuals whose uniformity type is
undesirable to be greatly reduced or missing.
The improvement of this character in the grey
variety is evidenced by the constant increase of
the share of lambs with the desired type from
51.67% in the 2005 generation to 68.07% in
2015. In this case, the genetic progress
achieved in the ten years was 1.64 which means
that against the background of applied selection
and breeding management, the number of their
products will increase with a better expression
for this character in phenotype.

Table 2. The frequency of individuals in relation to improving the curl’s uniformity

) Frequency of the desired type per evaluation season (%)
Color variety Curl’s 2005 2013 2014 2015
uniformity
n % n % n % n %
Good 107 67.82 380 79.50 450 80.79 343 72.98
Black Medium 36 22.78 98 20.20 107 19.21 127 27.02
Low 15 9.40 - - - - - -
Good 141 68.79 237 72.70 330 79.52 385 86.86
Grayish Medium 36 17.56 89 27.30 85 20.48 59 13.14
Low 28 13.65 - - - - - -
Good 67 46.33 88 67.70 125 64.77 74 69.82
Brown Medium 54 37.70 42 32.30 68 35.23 32 30.18
Low 23 15.97 - - - - - -
Good 31 51.67 110 66.27 133 63.34 65 68.07
Grey Medium 18 30.00 56 33.73 77 36.66 90 31.93
Low 11 18.33 - - - - - -
Good 18 48.00 28 68.70 25 65.79 10 65.52
Pink Medium 9 26.47 13 31.30 13 34.21 19 34.48
Low 8 25.53 - - - - - -
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Figure 1. Evolution of the uniformity of the loop depending on the season and variety of color

Table 3. The difference and significance of difference for the uniformity of curl

Average . . Significance
Character 1 Character 2 di fferer%ce Difference meaning tireshol d
Grey Grayish 3.48 significant 0.05
Grey Brown 0.28 insignificant -
Grey Black 5.33 significant 0.01
Grey Pink 1.05 insignificant -
Pink Grayish 4.53 significant 0.01
Pink Brown 1.33 insignificant -
Pink Black 6.38 significant 0.01
Black Grayish 1.85 insignificant -
Black Brown 5.06 significant 0.01
Brown Grayish 3.20 significant 0.05

Statistical data processing shows that the
difference between the mean scores was
significant for the P<I threshold between grey
x grayish, pink x grayish, grey x black, pink x
black and black x brown.

In lambs from the pink variety, the situation of
the current level of improvement is in the same
coordinates with that described at the grey, but
the expression of this character is lower also on
the background of the intensification of the
selection and in the desire to increase the
degree of similarity in the phenotypic
expression of this character the proportion of
lambs that had a uniformity that allowed the
maximum score to be kept relatively at the
same level, but with a tendency to reduce.

The data obtained highlight that the breeding
program of the Karakul of Botosani breed is
efficient and allows a positive quantification of
the way of expressing the specific characters of
the skin production as a direct effect of the
breeding. As a whole, all the data obtained
converge in meaning with others found in the
specialized literature determined for other
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populations of the Karakul of Botosani breed
(Cloete et al., 2014; Pascal, 2011; Pascal, 2001;
Pascal et al., 1995) or for other breeds grown
for fur production (Albertyn et al., 1993; Buzu,
2012; Buzu, 2014; Gligvashvili, 1998).

When the population will consolidate and the
number of individuals within it will allow that
by raising the selection criteria, the process of
improvement will be accelerated and the
proportion of lambs with uniform curls will
have a progressive directional evolution.

CONCLUSIONS

For the uniformity of the curl, there is a
different degree of improvement, being more
advanced in the black variety and greyish
(where more than 43 points were obtained),
lower in the grey (26.69 points) and in an
intermediate phase at pink and brown (39.59
and 39.87 points).

In the black variety the improvement of the
uniformity of the curl registers higher quotas
compared to other varieties of color and is at a



net level higher than in 2005 when the desired
form was identified at only 9.40% and in 2015
at over 65% of the individuals analyzed.

For the greyish variety, compared to 2005 the
proportion of lambs with the desired uniformity
increases from 68.79 to 86.89% in 2015,
indicating an improvement of this character by
about 1.81% per generation and an
improvement in progress.

Between the average score determined for this
character in the greyish variety and the black
one, the difference is insignificant but the one
between greyish and pink and greyish and grey
is significant for the threshold of 1%, and the
one between the greyish and brown is
significant for the threshold of 5%.

When assessing the uniformity of the curls in
the brown lambs, it is found that if at the first
generation since the establishment of the breed
register the proportion of those with maximum
score was 46.33% at the generation evaluated
in 2015, it is found that at almost 70% a good
uniformity is obtained, resulting in a 2.35%
genetic progress for each successive generation
over that 10-year period.

The evaluation of the uniformity of the curl for
the grey variety allowed obtaining an average
score of 39.59 + 0.537 and at the grey of 26.69
+ 0.208, a level which indicates the existence
of a different current threshold for improving
the respective character in the two colour
varieties.

The differences between the average score
given to the evaluation of the uniformity of the
curl were significant for 5% only between
greyish - brown and greyish - grey.
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Abstract

The growth of female calves of the Aberdeen Angus cattle breed was studied in a certified organic farm. The animals
were weighed on a monthly basis. It was ascertained that the calves are born with a live weight of approximately 31.6 +
0.81 kg, upon weaning at 210 days they weigh 204.0 = 5.93 kg, at 15 months - 363.7 + 13.04 kg, and at 18 months -
433.0 £ 11.57 kg. The average daily individual gain widely varies reaching up to 2.090 kg. The growth of the animals
as a whole and within the different age groups is influenced by the year, season and month of birth. Upon joint
examination of the age-year-season and age-year-month factors, however, the effect of the separate factors “dillutes”
and the complex influence may be considered unreliable. The female calves which are bred naturally under the
conditions in Bulgaria, regardless of the gain fluctuations during the different periods, reach an optimal servicing live

weight (330-360 kg) at an optimal age (15-16 months).
Key words: Angus, growth calves, organic farm.

INTRODUCTION

It can be observed that in search of solutions
aimed at reducing the negative consequences of
the industrialisation and intensification
(Steinfeld, 2006; Chavez-Fuentes et al., 2017,
Kamilaris et al., 2018; Zhang et al., 2018),
more and more attention is paid to the organic
farming which is considered a foundation for a
sustainable animal production (Nikolov, 2003;
Nikolova, 2006; 2013; 2020; Von Keyserlingk
et al, 2013). In the recent years it has
developed from a practical farmers movement
to a serious business (Nikolova, 2020)
practiced in 179 countries; in 88 of them there
has already been effective national legislation
(Zhou, 2018).

Breed selection is of extreme importance in the
organic livestock breeding. Pointing out that
the purpose of organic farming is the animals’
welfare, Nikolov (2012) indicates that this
deeply humane approach has a large scope and
must be applied to all types and breeds of
animals, otherwise the whole idea is pointless.
The author believes that each breed has its
advantages and disadvantages which make it
more or less suitable for organic farming, and
that none should be deprived of the chance to
be bred in such way.

60

According to Horning (2008) upon selection of
a breed for beef cattle organic farming, one
should not look for intensive growth, but
choose a breed which is feasible with reference
to small farms and is able to satisfy a special
niche market with its unique produce. The
Aberdeen Angus Cattle breed has a good
adaptability and is suitable for organic farming.
This breed’s quality produce may have a
specific marketability related to the region of
breeding (Savi¢ et al., 2013).

The Aberdeen Angus Cattle breed in Bulgaria
has not been sufficiently studied yet. It was not
until 2015 when a breeding program for the
breed was approved. At the same time the
import of animals which have different origin
and are bred under different production systems
continues. The aim of the present study is to
examine the growth of female calves of the
Aberdeen Angus Cattle breed under organic
farming system.

MATERIALS AND METHODS

The study was carried out during 2016-2018 in
a certified organic farm “Thraca Angus Farms”
LTD. The farm is located in low mountainous,
slightly hilly area between the West Predbalkan
and the West part of the Danube Plain which is



suitable for breeding special beef animals.
There are enriched pastures in the immediate
vicinity of the farm which are used about 8
months of the year. Calving is all year round.
The study includes 54 female calves which
were monthly weighed from their birth until
attaining the age of 22 months.

The weighing is performed in a specialised
crush with a weighing platform, and the
reporting and registering of the live weight is
automatic. The initial live weight is
standardized in compliance with ICAR (2016)
recommendations.

The data were processed via analysis of
variance. Two models with the following
statistical type were used:  Yijkl
u+AGI+YBij+SBijk+eijk(1); Yijkl
u+AGi+YBij+MBijk+eijk(l), where: Yijkl
observation vector; 1 - population average; Agi
- age group fixed effect (i = 22); Ybij - year of
birth random effect (j = 3); SBijk and MBijk - a
random effect of respectively the season (3)
and month (11) of birth within the year and the

season, eijkl - residuals. The data is processed
statistically via SPSS 21.

RESULTS AND DISCUSSIONS

The live weight at birth is obligatory registered
in the farm examined by us and serves for
management of the factors affecting the
embryonic and post embryonic growth of the
calves. One of the leading factors is the
physical condition of the mother which is
related to the sustainable feeding during
pregnancy (Funston et al., 2010).

Berger et al. (1992), consider that the birth
weight is of significance with reference to the
calving ease and the calves’ survival during the
first 24 hours after birth. They have ascertained
that the new born calf live weight of 29 kg is
the most suitable for the Aberdeen Angus cattle
breed at a first calving age between 22-29
months. The average live weight at birth of the
female calves studied by us is 31.6 = 0.81 kg
(Table 1).

Table 1. Live weight at birth, absolute and average daily gain of organically bred female calves of the Aberdeen Angus

Cattle breed
Live weight Absolute gain Average daily gain
Age, months g LS Sx Sdev | LS Sx_ | SDev | LS Sx_ | SDev
At birth 54 31.6 0.81 5.96
Standardized
at birth 54 33.1 1.26 9.23

1 54 543 1.61 11.85 21.20 1.122 8.245 0.713 0.039 0.286

2 53 74.6 1.95 14.21 20.54 1.004 7.306 0.711 0.028 0.205

3 52 98.7 2.69 19.36 24.09 1.338 9.647 0.756 0.036 0.263

4 51 123.2 3.52 25.13 24.58 1.336 9.540 0.834 0.039 0.281

5 50 149.3 3.99 28.24 26.18 1.617 11.437 0.912 0.041 0.287

6 46 172.8 5.22 35.41 25.18 2.069 14.035 0.836 0.043 0.289

7 46 204.0 5.93 40.21 31.12 1.985 13.466 0.951 0.046 0.309

8 44 225.7 6.31 41.85 22.21 1.587 10.530 0.714 0.051 0.338

9 40 244.2 6.65 42.06 20.66 1.853 11.719 0.681 0.064 0.405

10 35 261.1 7.46 44.14 19.62 2.193 12.972 0.629 0.072 0.426

11 31 278.1 9.11 50.70 16.75 2.645 14.729 0.541 0.091 0.509
12 27 301.6 9.94 51.63 19.07 3.432 17.832 0.631 0.110 0.572

13 27 322.9 9.88 51.34 21.27 2.802 14.560 0.667 0.086 0.447
14 25 346.1 12.13 60.67 23.27 3.102 15.508 0.764 0.102 0.510

15 23 363.7 13.04 62.53 17.49 2.418 11.596 0.570 0.081 0.390
16 21 387.8 9.69 44.41 13.47 3.145 14.413 0.423 0.106 0.487
17 17 407.6 11.60 47.82 27.28 2.503 10.319 0.902 0.083 0.341

18 16 433.1 11.57 46.27 22.40 3.809 15.238 0.704 0.116 0.463
19 16 458.8 13.03 52.12 25.75 3.968 15.872 0.835 0.140 0.561
20 13 481.9 14.14 50.97 26.38 5.258 18.958 0.866 0.163 0.589
21 11 475.5 12.53 41.57 -2.91 6.174 | 20.477 | -0.051 0.204 0.675
22 5 458.2 16.93 37.86 1.40 5.870 13.126 0.094 0.209 0.468
Total 703 224.1 4.82 127.90 22.13 0.505 13.369 0.726 0.016 0.410
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Similar live weight for the breed has also been
ascertained by Jakubec et al. (2003) in Czech
Republic - 29.22 kg, and lower was reported by
Kolisnyk et al. (2018) in Ukraine - 26.5 kg for
the females and 29.4 kg for the males. Apart
from the mother, other factors influencing the
weight at birth are the herd, year and season of
calving, the breed, the gender of the calf, the
pregnancy duration, the age of the mother, the
genetic group of the cows (Holland et al., 1992;
Waheed et al., 2003; Krupa et al., 2005;
Pilarczyk et al., 2011) and so on.

We ascertained that under the conditions of
organic farming and natural breeding, the year

(P<0.01) and month of birth (P<0.05) affect the
live weight at birth but the influence of the
latter is specific during the different years
(P<0.05). The difference in the average live
weight at birth between the separate years is
from 6.1 to 22.7% (Table 2). The season, both
as a whole and within the year, is not a reliable
source of variation in the live weight at birth.
Thus, in 2017, the calves born in the spring are
3.8% heavier than those born in the winter
while in 2018, they are 3.9% lighter - such
differences are close to the statistical mistake.

Table 2. Influence of the year and the season of calving on the live weight upon birth
of female calves of the Aberdeen Angus cattle breed

Year Season N LS Sx Sdev
Summer 11 37.28 0.85 2.68

2016 Autumn 6 32.33 2.20 4.93
Total 17 35.47 1.05 4.21

Spring 6 30.00 3.35 7.48

Summer 7 28.86 0.98 241

2017 Autumn 11 2791 2.02 6.38
Winter 6 29.67 3.17 7.09

Total 30 28.90 1.09 5.86

Spring 3 32.67 1.47 2.08

2018 Winter 4 34.00 3.23 5.60
Total 7 33.43 1.71 4.20

Spring 9 30.89 2.18 6.15

Summer 18 33.94 1.18 4.87

Total Autumn 17 29.47 1.54 6.14
Winter 10 31.40 2.19 6.59

Total 54 31.56 0.82 5.96

In 2016 and 2017 the calves born during the
summer were heavier than those born in the
autumn with the difference during the first year
reaching 15.3%.

Forster (2010) indicates that during the
suckling period the growth of the calves from
the Aberdeen Angus Cattle breed is strongly
connected to the mothers’ milk yield, which in
turn depends on the season of calving and the
live weight of the cow. Law et al. (2013) have
found out that cows of Aberdeen Angus Cattle
breed with higher live weight at calving and
higher and sustainable milk yield had calves
with higher live weight at weaning. TouSova et
al. (2015) point out that during their third or
fourth lactation, cows have: the highest milk
yield, no problematic calvings, and good
maternal instinct. Furthermore, the calves’
death rate after birth is low. On the other hand,
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Gabidulin et al. (2018) have ascertained that
the Aberdeen Angus cows had the highest milk
yield at the age of 5 years.

After their birth and by reaching 3 months, the
female calves studied by us increase their live
weight almost twice (Table 1). Taking into
account the fact that with the increase of the
age, the growing needs of the calves may not
be met by the mother’s milk only, the farm
provides access to individual feeder with a
starter feed as early as the first month after
birth. This provides the opportunity for
maintenance of intensive growth during the
entire suckling period (up to the age of 7
months) with a gradually expanding daily
growth. During the first three months it is
within 0.700-0.750 kg, during 4-7 months is
0.830-0.950 kg per month. It increases by
33.3% from the beginning until the end of the




suckling period. Similar gain during the
suckling period was reported by Kolisnyk et al.
(2018) upon examination of the Aberdeen
Angus cattle breed in Ukraine.

As a whole the gain increase during the
suckling period is gradual, with the exception
of some fluctuations, due to which the absolute
monthly gain is within 20-26 kg. At 7 months
old the female calves reach approximately 32%
of the live weight of the adult cows from the
breed, at 12-50%, at 16-67%. This may be used
to forecast the age of first service and first
calving of the Aberdeen Angus Cattle breed
heifers bred in the conditions of our country.
The growth of the beef cattle breeds’ calves
during the suckling period depends on the
breed, gender, the father (Hoppe et al., 2010;
Jakubec et al., 2003; Tousova et al., 2015) and
so on. Thus, when comparing the growth of
calves from the Aberdeen and Limousin cattle
breed up to 3 months old in Belarus, Loban et
al. (2018) found higher average daily growth in
the former (97.7 g). On the other hand,
Sukhanova et al. (2018) in Russia claim that
during the respective period, the Aberdeen
Angus had higher growth than that of the
Hereford Cattle breed with a difference of
263 g, 309 g and 225 g for the first, second and
third month respectively. Szabd et al. (2006)
report that the year and season of calving, the
breed, the age of the mother and the gender
have influence on the weight upon weaning at
the age of 205 days for the beef cattle calves.
The average live weight upon weaning of the
cows studied by us is 204 kg. Higher live

weight, 224-255 kg, depending on the year, is
reported by Efimova (2018).

In the month following the weaning, the
average daily gain of the calves examined by us
diminishes by approximately 25%. While
studying the growth of Aberdeen Angus cattle
breed calves weaned at 205 days, Hassen et al.
(2004) have found out that the average daily
gain has continually increased from birth to the
age of 250 days, and after that it starts to
decrease. The same authors have ascertained
that the female calves at the age of 261 days
reach an average live weight of 271 kg.

In the case of the calves examined by us, the
growth after weaning changes inconsistently. In
the first three months it diminishes, then in the
next three months it increases, and at 14
months it reaches the level which it had after
weaning.

Taking the free access to concentrated feeds
into account, we can explain the growth
decrease after weaning only by the weaning
stress which is probably strongly affected by
the ecological factors of the season. As we
already mentioned, in the farm examined by us
the calving, and respectively the weaning of the
calves is made all year round due to which the
separate individuals are subjected to the
influence of different factors during the
different age periods.

Table 3 clearly shows that the year and the
season of birth affect the growth of the calves

Table 3. Influence of major paratype factors on the growth of female calves of the Aberdeen Angus cattle breed bred
organically (F - criteria and degree of reliability)

Factor Absolute gain Average daily gain
Year 2.228 6.511%*
Season 3.550* 3.991%*
Year*Season 0.047 0.016
Year 2.049 5.469%*
Month 2.12*%7 2.189*
Year*Month 1.281 1.656
Age*Year 2.132%* 2.288%*
Age*Season 4.479%** S5.511%**
Age*Year*Season 0.975 0.936
Age*Year 3.089%** 2.577**
Age*Month 3.785%** 3.520%**
Age*Year*Month 2.525%*%* 0.759

*#EP<0.001; ** P<0.01; * P<0.05
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and during the different age periods the season
has specific (age*season) and more reliable
influence than the season as a whole.
Specifically strong influence, within the age, is
also exercised by the month of birth but its
effect on the growth is not taken into account.

Figure 1 shows that during the first 3-4 months
after birth no significant differentiation is
observed regarding the live weight of the claves
born in different seasons. The calves born
during the autumn have negligibly higher mass.
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Figure 1. Influence of the season on the growth of the female calves of the Aberdeen Angus cattle breed

More considerable differences are observed
after the fifth month. The calves born in the
spring have the lowest weight until the tenth.
This seems illogical at first sight but is not at
all surprising for the conditions in Bulgaria.
The calves born in the spring months (March-
May) are weaned in September- November.
These are the most unfavourable months in
terms of feeding of the pasture animals. In this
period, the natural pastures are entirely dry, and
the feeding with winter feeds has begun. The
figure shows that after the respective period
there is a certain compensation of the growth
slowdown and at one year old, the calves born
in different seasons basically have the same
live weight.

Until reaching the age of one year, the calves
born in the autumn (September-November)
show the highest growth rate. The first months
of the suckling period coincide with the most
unfavourable feeding period for the mothers
but it is then that the needs of the calves are the
fewest. The period of growth of the needs
coincides with the transition to winter feed
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which is significantly more favourable than the
autumn one. The weaning is in the spring when
the pastures are at their best. The calves born in
the autumn have become strong during the first
year and develop better in the following
months.

The cows born in the winter (December-
February) indicate higher growth rate after
reaching one year. The feeding of the one-year-
old calves born in this period coincides with the
beginning of the spring season which is
favourable for the growth and development in
the conditions of grassland feeding.

The calves born in the summer mark the most
stable growth during the entire observation
period. The weaning of these calves coincides
with the beginning of the winter season during
which the animals consume high-quality mixed
ration which is balanced for the respective
category.

After a relative stabilisation around 14 months,
at 15 and 16 months the growth once again
sharply decreases to approximately 0.420-0.570
kg. This period coincides with the reaching of
commercial maturity and service of the heifers.



So that heifers of the Aberdeen Angus cattle
breed be fit for breeding, they need to reach a
minimum of 65% of the adult cows live weight
so as to reach 85% of that mass upon first
calving (Hall, 2006). The calves studied by us
reach 65% of the live weight of the cows at
exactly 15-16 months old. Obviously,
regardless of the growth fluctuations, the
female calves bred organically under the
conditions in Bulgaria reach commercial
maturity at the optimal breeding age.

CONCLUSIONS

In conclusion, it can be noted that under the
conditions of a certified organic farm in
Bulgaria, the female calves of the Aberdeen
Angus cattle breed are born with live weight of
31.6 £ 0.81 kg, upon weaning at 210 days old
they weigh 204.0 £ 5.93 kg, at 15 months -
363.7 £ 13.04 kg, and at 18 months - 433.0 +
11.57 kg.

The average daily gain of the individuals varies
greatly reaching up to 2.090 kg. The growth of
the animals both as a whole and within the
separate age groups is influenced by the year,
season and month of birth, and the calves
which were born in the autumn develop the
best.

Irrespective of the growth fluctuations during
the different periods, the female calves reach an
optimal breeding live weight (330-360 kg) at
an optimal (15-16 months) age.
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Abstract

In the mares of purebred Arabian horse (n-8) and East Bulgarian horse (n-12) breeds, raised in the State stud farm
‘Kabiuk® near Shumen, Bulgaria, were studied basic hematological and biochemical blood parameters in the beginning
of spring (March). It was established that the average levels for the mares from both breeds are as follows: alanine
aminotransferase ALT U/L - 73.00+14.47, lactate dehydrogenase LDH U/L - 1523.88+93.11, creatinine Creat. U/L -
284.56+53.08, calcium Ca U/L - 2.06+0.4, total bilirubin TBL U/L - 78.40+12.45, phosphorus P U/L - 6.63+0.51, white
blood cells WBC - 8.87+0.71, lymphocyte count Lym - 32.94+2.48, monocytes Mon-3.98+0.30, granulocytes Gra -
61.45+2.74, red blood cells RBC - 8.01+0.14, erythrocyte volume MCV - 67.07+£28.42, hematocrit Hct - 35.12+1.54,
hemoglobin MCH - 12.34%0.16, erythrocyte distribution width RDW-16.90+1.42, hemoglobin Hb-11.16+0.67, platelets
THR -255.17+40.66, platelet volume MPV -7.8140.19, platelet distribution width PDW-9.22+0.30, hemoglobin in
erythrocytes MCHC - 27.29+0.29. The breed is a reliable (p<0.01) source of variation of LDH, with higher values
found in the East Bulgarian breed (EBB). The mares of different ages can differ significantly (p<0.05) in the content of
Mon in the blood. The age group in the breed had a significant effect (p<0.05) on Ca and PDW, with the oldest mares
from EBB (10-12 years old) had decreasing amount of Ca and increasing amount of POW.

Key words: Arabian mares, biochemistry, blood indicators, hematology, sport horses.

INTRODUCTION 2017; Shawaf, 2017; Shawaf et al., 2018). The

composition of the blood is sufficiently labile
The East Bulgarian Horse is a half-blooded  and reflects the mechanisms of adaptation of
breed created by complex reproductive the body to changing environmental conditions
crossing of native, Arab, Anglo-Arab and half-  (Meyer and Harvey, 2004; Hristev and
blooded English mares with half-blooded and Zapryanova, 2017).

Thoroughbred stallions (Sabeva et al., 2010). Of particular interest are the correlation
It is suitable for the classic disciplines of  between haematological indices and horse
equestrian sports - dressage, show jumping, performance. Thus, lightweight breeds have

eventing and amateur riding (Sabeva et al., higher erythrocytes (RBC), hemoglobin (Hb),
2018; Sabeva and Popova, 2019). The breed and hematocrit (Hct) than heavy horses
was recognized in 1951. (Kramer, 2000; Grondin and Dewitt, 2010).
The diverse use of this breed implies different = Blood factors are influenced by many factors
intensities of exercise and it is important to related to the physiological status of horses as
have an effective health-program. This requires season, diet, reproductive status, geographical
a detailed study of its biological parameters and location, and more. (Burlikowska et al., 2015;
their dynamics over time. Aiello and Moses, 2016; Aros et al., 2017,
Hematological and biochemical parameters in Padiha et al., 2017).

horses are mainly used in clinical diagnostics Many authors have examined the effect of age
and therapeutic monitoring, but also as an  on biochemical and hematological parameters
indicator of nutritional value, assessment of (Cebulj-Kadunc et al. 2002; Gurgoze and Icen,
animal metabolic states, etc. (Al-Bulushi et al.,
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2010; Shawaf et al., 2018; Nidl et al., 2017,
Ono et al., 2019, etc.).

Hematologic and biochemical parameters are
breed specific (Burlikowska et al., 2015; Cruz
et al., 2017; Shawaf et al., 2018) and the use of
inappropriate reference values increases the
risk of incorrect conclusions and inappropriate
actions (Tsangq et al., 1998 ).

The purpose of this study is to determine the
parameters of major haematological and blood
biochemical parameters in mares of the East
Bulgarian breed and Purebred Arabian horse,
under the same breeding conditions, as well as
the influence of the breed and age on them.

MATERIALS AND METHODS

The study was conducted in the Kabiyuk
National Park, Shumen, with mares from East
Bulgarian (EBB) and Purebred Arabian (PAB)
breeds. The animals were fed a ration including
haymaking and rolled concentrated fodder (a
mixture of triticale, corn and black oats). The
haymaking is with dry matter - 33.23%, which
includes - crude protein - 32.17%, crude
cellulose - 27.57%, crude fat - 4.58%, BEV -
28.3% and crude ash - 7.38%. One kilogram of
hay contains Ca - 5.45 g, Mg - 1.37 g, Cu -
6.84 mg, Fe - 0.36 g, Zn - 23.19 mg, Mn -
52.91 mg. The dry matter in the concentrated
feed is 91.66%, in which the crude protein is
12.27%, the crude cellulose - 11.16%, the
crude fat - 4.66%, BEV - 69.35%, crude ash -
2.26%. The content of Ca in one kilogram of
concentrated feed is 61.85 mg, of Mg - <1.00
mg, Cu - 2.89 mg, Fe - 2.24 mg, Zn - 1.40 mg,
Mn - 0.20 mg.

In March, at the beginning of the spring season,
blood samples were taken from 12 mares from
EBB and 8 mares from PAB. The blood was
taken from the jugular vein between 6-8 in the
morning before a meal, with the animal having
constant access to water. Hematological
parameters were examined with a MS4 +
apparatus (Switzerland), biochemical analyses
spectrophotometrically on a Mindray BA8S A
using the following parameters and reagents:
ALT-Tris buffer, 100 mM; pH 7.5, L Alanine
500 mM, 2 Oxoglutarate 15 mM, NADH 0.18
mM; LDH > 1700 U/L and a wavelength of
340 nm; Ca-CPC 0.14 mM, 8-quinolinol 25
mM, HCI pH 1.20 and a wavelength of 575
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nm; Creatinine-picnic acid 0.14 mM, NaOH
0.18M, Na tetraborate 10 mM and a
wavelength of 510 nm; LDH-phosphate buffer
50 mM, pH 7.5, sodium pyrivate 0.60 mM,
NADH 0.18 mM, wavelength 340 nm; P-
ammonium molybdate 0.4 mmol/L, sulfuric
acid 0.21 mol/L, wavelength 340 nm; total
bilirubin-hydrochloric ~ acid  0.1M,  3,5-
dichlorphenyldiazonium salt 2 mM,
wavelength 510 nm.

Data processing was done with the software
product SPSS 21. A mixed linear model of the
following statistical type was used:

Yijk = p + BRi + AGj + BAjj + eijk,

where: Yijk - observation vector; p - total mean
constant; BR and AG have fixed effects of the
breed (i =2) and age group, respectively (k = 3:
A - from 4-6 years; B - from 7-9 years; C -
from 10-12 g .in.); BAjj is a random effect of
the age group in the breed; eijk ... - residual
variant.

RESULTS AND DISCUSSIONS

The studies show that, despite identical feeding
and rearing conditions, the blood indices of the
breeds studied differ to a lesser or greater
extent (Table 1). In PAB, alanine
aminotransferase (ALT) values, lymphocyte
count (Lym), hematocrit (Hct), erythrocyte
distribution width (RDW), hemoglobin (Hb),
platelets (THR), relative thrombocyte ratio are
higher. volume (PDW) and the concentration of
hemoglobin in a number of red blood cells
(MCHC). All other studied indicators are
higher in mares from EBB. In both breeds,
ALT, lactate dehydrogenase (LDH), creatinine
(Creat), phosphorus (P), total bilirubin (TBL)
indicators were elevated, while mean
hemoglobin (MCH), mean hemoglobin in
erythrocytes (MCHC) and calcium (Ca) are
below normal.

The most significant and reliable difference is
the activity of lactate dehydrogenase (LDH)
(Table 2). The enzyme is responsible for the
anaerobic conversion of pyruvate to lactate.
Studying the haematological and biochemical
parameters in 20 adult sport horses
Burlikowska et al. (2015) report significantly
lower than the values obtained by us 335.60 +
24.80 U * L. Similar to the authors' cited
levels, LDH levels have been reported by



Gurgoze and Icen (2010). They examined 90
purebred Arab mares, ages 6-12 and 14-20, in
Turkey, and obtained enzyme values of 236.66

+ 14.18 U/L and 416.77 + 122.58 U/L for the
respective age group.

Table 1. Hematological and biochemical parameters in both breed mares (Mean + SE)

Breed
Parameters Mean + SE PAB EBB
LDH, U/L 1,524+93.11 1,090+130.8 1,813+128.4
ALT, U/L 73.00+14.47 75.63+£20.33 71.25+19.95
Creat., pmol/L 284.6+53.08 262.1+74.56 299.5+73.17
Ca, mmol/L 2.06+0.41 1.2740.58 2.59+0.57
TBL, pmol/L 78.40+12.45 61.05+17.49 89.97+17.17
P, mmol/L 6.63+0.51 6.15+0.72 6.95+0.71
WBC, 1000/ pL 8.87+0.71 8.21+1.00 9.31+0.98
Lym, % 32.94+2.48 34.69+3.48 31.78+3.41
Mon, % 3.98+0.30 3.81+0.42 4.09+0.42
Gra, % 61.45+2.74 60.83+3.85 61.87+3.78
RBC, m/mm’ 8.01+0.14 8.3440.20 7.79+0.20
MCV, fl 67.07+28.42 44.43+39.92 82.17+39.18
Hct, % 35.12+1.54 36.85+2.16 33.96+2.12
MCH, pg 12.34+0.16 12.23+0.22 12.42+0.22
RDW, % 16.90+1.42 19.30+1.99 15.30+1.96
Hb, g/L 11.16+0.67 12.24+0.94 10.45+0.93
THR, m/mm? 255.2+40.66 318.4+57.12 213.0+£56.05
MPV, {1 7.81+0.19 7.89+0.27 7.76+0.26
PDW, % 9.22+0.30 9.84+0.42 8.81+0.41
MCHC, g/dL 27.29+0.29 27.68+0.41 27.03+0.40

In 39 Noma horses, Ono et al. (2019) have
established values for LDH 488 + 270 U/L
(from 217-758 U/L), indicating that values are
higher than those of the Kisso breed (431 + 161
U/L) and lower than Japanese race horses - 550
+ 134 U/L. According to the authors, the
differences are due to the different diet. Our
LDH values are similar to those reported by
Aros et al. (2017) - 807 = 515 IU/L (353 to
1,746 TU/L) and from Winnicka (2011) - 520-
1,480 U * L.

Alanine aminotransferase (ALT) is an enzyme
released by the cytoplasm from hepatocytes
when they are destroyed and it is considered to
be very specific for the liver. According to
Mircheva (2006), this indicator is rarely an
indicator of clinical certainty, unless it exceeds
at least twice the upper limit of the reference
values, which in horses are 3-25 U/L. The
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values obtained from the mares of both breeds
are twice above the reference value specified
by the author. Probably the reason is the
significant breeding differences or temporary
discomfort of the animals at the end of the
winter. The latter is probably more likely,
given the values of the indicator reported by
other authors: Ju et al. (1993) - for 46 mares in
Taiwan - 6.49 £+ 3.14 p/L; Burlikowska et al
(2015) - 8.80 £ 0.61 TU * L' for competition
horses. Gurgoze et al. (2010) examined the
effect of age on blood counts of Purebred
Arabian horses and reported slightly elevated
ALT values in horses between 6-13 months of
age - 31.66 = 10.44 U/L. With age, the values
of the indicator decreased, with mares at 6-12
years of age and 14-20 years of age ALT being
7.66 + 296 U/L and 422 = 0.82 UL,
respectively.



Table 2. Influence of the breed, age group, group in the breed on the hematological
and biochemical parameters of EBB and PAB mares, F-criterion and degree of reliability

Parameters/factors Breed Age group Age group in the breed
df 1 2 1

LDH, U/L 13.446** 0.192 1.911
ALT, UL 0.211 0.975 0.569
Creat., pmol/L 0.050 0.040 2.427
Ca, mmol/L 1.462 2.606 4.042*
TBL, pmol/L 2.651 1.020 0.012
P, mmol/L 1.799 2.814 2.714
WBC, 1000/uL 2.369 1.949 0.040
Lym, % 1.185 0.895 0.226
Mon, % 0.218 3.120* 0.059
Gra, % 0.345 0.645 0.027
RBC, m/mm? 1.683 1.170 1.724
MCV, fl 0.803 0.677 0.710
Hct, % 0.563 1.682 2.110
MCH, pg 1.669 1.513 0.005
RDW, % 3.087 0.726 0.349
Hb, g/L 2.075 0.549 0.001
THR, m/mm? 1.130 0.287 0.518
MPV, fl 0.237 0.320 1.645
PDW, % 0.565 1.825 7.947*
MCHC, g/dL 0.924 1.228 0.213

Creatinine is a product of the breakdown of
creatine phosphate in muscle tissue. It is
exclusively excreted by glomerular filtration
through the kidney. The values of this indicator
reported in the literature vary widely. In the
studies of Meyer and Harvey (2004), Boediker
(1991) and Gurgoze and Cetin (2004), Creat is
in the range of 88.4-167.96 pmol/L. Gurgoze
and Icen (2010), in Purebred Arabian mares,
found an increase in values of the indicator
with increasing of the age - 66.30 + 9.72 pmol/
L in mares 14-20 years, 86.63 = 5.30 umol/L at
6-12 years and 97.24 + 17.68 pmol/L for mares
over 20 g. In the mares we studied, creatinine
was elevated in both breeds - 262.1 + 74.56
umol/L at PAB and 299.5 + 73.17 umol/L at
EBB, and according to Kaneko et al, (1997),
creatinine was strongly influenced by diet and
the muscle mass of an animal

The levels of Hb and Hct found by us are
similar to those of other authors: - Ono et al.
(2019) for the Noma breed - 12.8 £ 2.6 g/L and
35.5 + 7.1%, respectively for Hb and Hct, for
the Kisso breed - 11.6 + 1.5 g/L and 32.9 +
4.0%, and for Japanese race horses - 16.1 + 1.4
g/L and 42.2 + 4%; Aros et al. (2017) for local
working horses in Chile - 120 + 16.2 g/L and
33.6 £ 5.1%; Qadri et al. (2018) have found Hb
values of 12.8 £ 0.68 g/L in mountain horses in
Kashmir.
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Mircheva (2006) indicates that total serum
bilirubin in horses and ponies varies between 1
and 2 mg/dL (17-34 puM/L) and is dependent
on the latest food intake. In the mares we
studied, bilirubin was 61.05 + 17.49 uM/L for
PAB and 89.97 £+ 17.17 uM/L for EBB.

The calcium in both breeds has significantly
lower than those reported by other authors -
1.27 £ 0.58 mmol/L for PAB and 2.59 + 0.57
mmol/L for EBB. Thus, Padilha et al. (2017)
reported 13.22 + 0.59 mg/dL in the Brazilian
Sport Horse breed; Aros et al. (2017) report 4.5
+ 3.4 mmol/L in local horses in Chile. Among
the main causes of hypocalcemia are
insufficient Ca content in feed, low levels of
magnesium in the blood, which reduces the
activity of parathyroid hormones, etc.
(Arnbjerg, 1980; Ramiro, 2011; Raimundo et
al., 2017).

In contrast to the Ca, amount of P, exceed the
limit of reference wvalues, reported by
(Mircheva, 2006). This disturbs the balance
between Ca and P. Blood calcium levels can be
adjusted for nutritional supplements. It is
advisable to intake supplements with vitamin D
and magnesium.

In experiment, made by Popov et al. (1974),
who tested the effect of compound feed on the
feeding of 18 Thoroughbred mares during
pregnancy and lactation, found that the



granulated compound feed enriched with trace
elements and vitamins that fed the mares from
the experimental group had a beneficial effect

on them both during pregnancy and on the

growth and development of foals.

Table 3. Hematological and biochemical parameters of the mares by age group in the breed (Mean + SD)

Breed PAB EBB
Age group A (4-6y) C(10-12y) A(4-6y) B(7-9y) C(10-12y)
LDH, U/L 81.25+28.75 70.00+28.75 71.75+28.75 33.00+33.19 109.0+40.65
ALT, U/L 1,275+185.0 904.8+185.0 1,748+185.0 1,743+213.6 1,949+261.6
Creat., pmol/L 182.9+105.5 341.4+105.5 393.0+105.5 321.4+121.8 184.1£149.1
Ca, mmol/L 1.3940.82 1.14+0.82 4.35+0.82 3.00+0.95 0.40+1.16
TBL, pmol/L 53.48+24.74 68.63+24.74 95.48+24.74 57.73+28.57 116.7+34.99
P, mmol/L 5.92+1.02 6.38+1.02 5.57+1.02 5.48+1.18 9.80+1.45
WBC, 1000/uL 7.96+1.42 8.47+1.42 10.71+1.42 6.63£1.63 10.59+2.00
Lym, % 37.40+4.92 31.98+4.92 28.80+4.92 37.93+5.68 28.60+6.96
Mon, % 3.53+0.60 4.10+0.60 3.05+0.60 5.27+0.69 3.95+0.85
Gra, % 59.08+5.45 62.58+5.45 61.65+5.45 56.80+6.29 67.15+7.70
RBC, m/mm? 8.34+0.28 8.33+0.28 7.52+0.28 7.51+0.33 8.33+0.40
MCV, fl 43.58+56.46 45.28+56.46 153.4+56.46 44.50+65.19 48.65+79.84
Hct, % 36.20+3.06 37.50+3.06 28.68+3.06 33.30+3.53 39.90+4.32
MCH, pg 12.13+0.31 12.33+0.31 12.60+0.31 11.90+0.36 12.75+0.44
RDW, % 18.00+2.82 20.60+2.82 14.33+2.82 18.37+3.26 13.20+3.99
Hb, g/L 11.63+1.34 12.85+1.34 9.53+1.34 11.17+1.54 10.65+1.89
THR, m/mm? 381.3+80.78 255.5+80.78 220.3+80.78 194.3+93.27 224.5+114.2
MPV, fl 8.33+0.38 7.46+0.38 7.58+0.38 7.90+0.44 7.80+0.54
PDW, % 10.50+0.59 9.18+0.59 8.13+0.59 7.77+0.69 10.55+0.84
MCHC, g/dL 28.03+0.58 27.33+0.58 27.70+0.58 27.00+0.67 26.40+0.82

Erythrocyte counts, such as mean erythrocyte
volume (MCV), MCH (mean hemoglobin
concentration in erythrocytes), MCHC (mean
hemoglobin concentration in erythrocytes),
show the efficiency of hemoglobin synthesis
and its oxygen transport capacity. The results
we have obtained for this parameters
correspond to those reported by other authors.
Burlikowska et al. (2015) found that for mares
used for jumping, the MCV was 44.17 + 1.05
fl, MCH - 16.75 + 0.43 pg, MCHC - 37.88 +
0.20 g * dI''; Shawaf et al. (2018) cite MCV 45
+ 1.8f, MCH 9.1 + 1.12 pg and MCHC 22.28 +
0.20 g/dL for Scottish ponies in Saudi Arabia
etc.

A number of studies have reported reductions
in some blood parameters in older animals in
different animal species (Nakai et al., 1992;
Atanasova et al., 2008; Valcehv et al., 2009;
Markova et al., 2018). Table 2 and Table 3
clearly shows that the age group in the breed
has a significant effect on Ca levels. With
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advancement of age in both breeds the Ca
content in the blood decreases as in the PAB
reaches up to 1.14 + 0.82 mmol/L and at EBB -
0.40 + 1.16 mmol/L. Gurgoze and Icen (2010)
reported that levels of Ca (2.80 + 0.07 mmol/L)
and P (0.84 + 0.05 mmol/L) in PAB mares with
advancing age (14-20 years) dramatically
decrease as the cause is probably due to a
decrease in bone metabolism. Young animals
have been shown to absorb calcium from the
food more efficiently and have much higher
values than adult animals (Braithwaite, 1975).

With advancing of the age, after 10 years, TBL
levels increased (by 22.07% for PAB and
50.53% for EBB), P (by 7.21% for PAB and
43.16% for EBB) and HcT (by 3.47% for PAB)
and by 28.12% for EBB). The differences,
although significant, are unreliable, with
probable cause being the small number of
animals and the wide variation in signs. The
levels of LDH (69.72%) and ALT (10.31%)
were also increasing in EBB mares after 10



years of age, and Creat (50.41%) and MCV
(3.69%) levels increased in PAB mares. In the
animals of the highest age group, MCV values
were 68.29% lower than those of the youngest.
Trending decreases in LDH and ALT values
have been observed in PAB mares with
advancing of the age.

CONCLUSIONS

It was found that in mares from the East
Bulgarian and Purebred Arabian horse breeds,
at the end of the winter period, when feeding
with winter ration, the mean ALT level was
73.00 £ 14.47 U/L, of LDH - 1,523.88 + 93.11
U/L, Creat. - 284.56 + 53.08 U/L, Ca - 2.06 +
0.4 U/L, TBL - 7840 = 1245 U/L, P - 6.63 £
0.51 U/L. WBC is 8.87 + 0.71 uL, Lym is
32.94 + 2.48%, Mon - 3.98 + 0.30%, Gra -
61.45 £ 2.74%, RBC - 8.01 + 0.14 m/mm?,
MCV - 67.07 £+ 28.42 fl, Het - 35.12 + 1.54%,
MCH - 12.34 + 0.16 pg, RDW - 16.90 +
1.42%, Hb - 11.16 £ 0.67 g/L, THR - 255.17 +
40.66 m/mm’, MPV - 7.81 + 0.19 fl, PDW -
9.22 +£0.30%, MCHC - 27.29 + 0.29 g/dL.

The breed is a reliable (p<0.01) source of LDH
variation, with higher values reported in the
Eastbulgarian breed. The mares at different
ages differed significantly (p<0.05) in blood
content of Mon. The age group in the breed had
a significant effect (p<<0.05) on Ca and PDW,
with the oldest EBB mares (10-12 years old)
reducing the amount of Ca and increasing that
of PDW.
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Abstract

The study was conducted for the first time on rams of the Karakul Moldavian breed. As an antioxidant, two versions of
the ZooBior preparation were used, which contains: BioR, spirulina, zinc and selenium. The preparation was given to
rams in teenium for 50 days at the rate of 5 g/head/day. Studies have shown that the ZooBior drug increased the volume
of ejaculate by 0.4 ml in the second experimental group, the motility by 11%, the concentration of sperm in the sperm
by 0.1 billion/ml and the total number of sperm in the ejaculate with rectilinear movements. With 6.5%, the data are
reliable compared with the indicators found at the beginning of the experiment. There have also been some fluctuations
in sperm kinetics. Semen advancement rate increased in the experimental groups, but the data are not significant.

Key words: antioxidants, ejaculated, mobility, ram, sperm.

INTRODUCTION

Fertility is a process of primary necessity and is
the most important in the breeding of
animals.Low fertility in animal husbandry is
considered a problem with the quality of sperm
material obtained from males of zootechnical
interest. There are several reasons for low
fertility, including the influence of nutritional
factors that adversely affect the reproductive
success of animals (Sural, 1997). Research by
Sural (1997) in the field of optimization of
ratios in parallel with their supplement with
biologically active drugs, revealed their
availability and increased biological activity.
Their influence was recorded in reproductive
biotechnology and, especially, on the processes
of spermatogenesis and improvement of the
vital properties of spermatozoa (Sora, 2004;
2008;). At the same time, an imbalance
between pro-concentration and antioxidants is
known to negatively affect sperm quality
(Sikka, 1995). Maintaining the intensity of
spermatogenesis as a physiological process,
encompassing all the transformations through
which spermatozoa pass, is one of the priorities
of biotechnology and is achieved through
targeted  training and  regulation  of
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physiological status in changing environmental
conditions. (Furdui et al., 2002)

MATERIALS AND METHODS

The study was conducted during the breeding
season. The purpose of these studies was to
determine, and then in a  statistical
interpretation of the data regarding the sperm
material of rams of the Moldavian Karakul
breed. The biological material used was a herd
of 5 Karakul Moldavian sheep aged three and
four years. Harvesting techniques included the
preparation of an artificial vagina followed by
harvesting. After harvesting, we analyzed the
quantitative and qualitative parameters of
sperm. A macroscopic analysis of the
appearance and volume of sperm was
accompanied by a microscopic analysis of
sperm motility / ejaculate concentration and
sperm velocity (VAP, VSL, VCL) using the
CEROS computer method. During the breeding
period of rams from the experimental group for
50 days, they were given 5 g per head/day of
ZooBior preparation containing BioR spirulina
selenium and zinc. Spermogram indices were
monitored at the beginning and at the end of the
experiment. Statistical analysis of experimental



data was carried out using parametric criteria
according to student.

RESULTS AND DISCUSSIONS

The method for stimulating spermatogenesis in
rams was based on the use of BDM!-1plus and

BDM?2-2plus preparations synthesized from the
cyanobacterial biomass Spirulina platensis.

The drugs were administered in the daily diet
of sheep in the amount of 5 g per head per day
for 50 days. Spermogram indices for rams
during the experimental period are shown in
Figure 1.
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= BDM!-1plus 17 1,98 0,9 73,5 23,5
®BDM!-2plus 14 2,09 1 76,2 24,2

Figure 1. Spermogram indices in rams at the beginning of the experiment

The data shown in Figure 1 shows that the
ejaculate volume averaged 0.9 ml in the control
group, 0.9 ml in the first experimental group
and 1.0 ml in the second experimental group.
The sperm concentration was 2.19 billion/ml in
the control group, 1.98 billion/ml in the first
experimental group and 2.09 billion/ml in the
second experimental group. Mobility had
control fluctuations of 74.7% in the control
group, 73.5% in the first experimental group
and 76.2% in the second experimental group.
The proportion of sperm with rectilinear
movements ranged from 23.5% to 24.2%. The

experimental data obtained between the
experimental groups and the statistical control
group are insignificant.

Experimental data on the spermogram in sheep
after administration of the drug ZooBior 1, in
which includes BioR, zinc and selenium, ad-
ministered to rams in the first experimental
group of 5 g/day, and ZooBior 2, consisting of
BioR, spirulina, zinc and selenium extract,
administered to rams in the second experi-
mental group, 5 g/capita/day is shown in Figure
2.
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Figure 2. Spermogram in rams at the end of the experiment

The experimental data shown in Figure 2
confirm the positive effect of BDM!-1 plus and
BDM!-2 plus on spermatogenesis in sheep.
Thus, the concentration of sperm in the
ejaculate increased in experimental group 2 to
2.3 + 0.02 billion/ml during the growing
season, and in the control group to 2.1 + 0.04
bilion/ml. The difference was statistically
significant. The ejaculate volume statistically
significantly increased in both experimental
groups, amounting to 1.2 + 0.04 ml and 1.4 +
0.1 ml, respectively. Mobility was statistically
significantly increased in experimental group 2,
amounting to 83.0 + 1.5% at the end of the
experiment Computerized semen analysis
CEROS is a modern and much more effective
method than traditional sperm analysis methods
with a large storage space, which are used in
measurements to determine sperm quality.
Sperm advancement rate data (VAP, VSL,
VCL) are shown in Figures 3 and 4.
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Figure 3. Analysis of VAP, VSL and VCL indices
in the first experimental group at the beginning
of the experiment

The data presented show that at the beginning
of the experiment, in the first experimental
group, statistically significant differences
between VAP, VSL and VCL were not
recorded. Data analysis shows that statistically
significant differences in VAP, VSL and VCL
have not been recorded, which shows that the
rams studied were correctly selected.

160 - 14.7

140

120
100 - 88.4

80 66.5
60
40
20

NI

VAP VSL VCL

H control group,pum/s. OBDM'-2plus,um/s

Figure 4. Analysis of VAP, VSL and VCL indices
in the second experimental group at the beginning
of the experiment

After 50 days of administration of 5 g of
ZooBior-1 preparation, the sperm development
rate did not show differences between the
control and experimental groups compared with
the indicators obtained at the beginning of the
experiment.

Experimental data on the rate of sperm
progression at the end of the experiment after
50 days of introducing 5 g/day of rams into the
body from ZooBior 2, which includes Bior, an



extract of spirulina, zinc and selenium,
shown in Figures 5 and 6.
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Figure 5. Analysis of VAP, VSL and VCL indices in the
first experimental group at the end of the experiment
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Figure 6. Analysis of VAP, VSL and VCL indices in the
second experimental group at the end of the experiment
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The data presented show that the sperm
velocity was measured in a straight line (VAP),
which measures the distance travelled by the
sperm in the general direction and the given
observation period, while the differences
between the control and experimental groups
are not determined, the average speed is 91.9
um/s. Following the distance travelled by
sperm (VSL) in a straight line from one point to
another during the observation period, devia-
tions between groups were detected. In the
experimental group, VSL was 77.2 pum/s, and
in the control group it was 65.9 pm/s (P<0.01).

The experimental data show that at the end of
the experiment in the control group and in the
experimental group no statistically significant
differences were presented or presented, and
the linear velocity (VCL) in the control group
was 134.7/91.9 um/s. and 138.1/91.9 um/s. in
the experimental group.

Experimental data on hematological parameters
of blood taken from sheep studied in the main
breeding season are presented in Tables 1
and 2.

Analysis of blood parameters in the rams of the
control and experimental groups revealed
various fluctuations in hematological constants
by the end of the study period.

These differences both in the control group and
in the experimental groups are within
physiological deviations at the lower and upper
levels of norms, which shows that the studied
drugs do not have a negative effect on the
animal organism.



Table 1. Influence of BDM'-1 plus and BDM!-2 plus preparations pnl on the hematological indices
of the blood, the beginning of the experiment
BDM'-1 plus (Experimental group 1)

Specification Control group Experimental group 1
Erythrocytes (x10'%/L) 7.3+0.5 8.1+0.9
Leukocytes (x10°/L) 10.6 £3.8 15.2+43.0
Hb, g/L 92.5+4.3 108.2 +4.2
VSE, mm/hour 2.8 40.5 2.0 £0.6
E, % 11.0£1.2 9.7 1.9
segmented, % 20.8 +4.4 20.7 £5.2
not segmented, % 11.3£3.0 7.34+2.4
lymphocytes, % 59.5+43.8 62.3+£5.5

BDM'-2 plus (Experimental group 2)

Specification Control group Experimental group 2
erythrocytes 7.3 +0.5 7.3 +0.6
(x10'%/L)
leukocytes 10.6 +3.8 12.4£0.5
(x10°/L)
Hb, g/L 92.5+4.3 108.3 +1.7
VSE, mm/hour 2.8 +0.5 1.34+0.3
E, % 11.0£1.2 8.7+4.7
segmented, % 20.8 +4.4 16.0 £3.1
not segmented, % 11.3£3.0 10.0+3.2
lymphocytes, % 59.5+£3.8 653+3.4

Table 2. Influence of BDM'-1 plus and BDM'-2 plus preparations pnl on the hematological indices of the blood, the end
of the experiment

BDM!-1 plus (Experimental group 1
Specification Control group Experimental group 1
erythrocytes 10.6 +1.4 10.5 +0.5
(x10'%/L)
leukocytes 7.9 +0.4 8.7+0.4
(x10°/L)
Hb, g/L 101.8 +4.4 102.8 1.5
VSE, mm/hour 3.3+0.3 4.340.9
E, % 9.0+1.0 13.0£ 0.6
segmented, % 13.7+0.3 173+ 1.5
not segmented, % 15.9+1.7 123+ 1.2
lymphocytes, % 60.7£0.9 57.3+£2.0

Specification Experimental group 2
erythrocytes 10.6 £1.4 9.4 +£0.6
(x10'?/L)
leukocytes 7.9 £0.4 8.5 +0.6
(x10°/L)
Hb, g/L 101.8 +4.4 101.0 +£3.1
VSE, mm/hour 3.340.3 4.7+0.3
E, % 9.0 +£1.0 8.0+ 1.0
segmented, % 13.7+0.3 14.7+ 0.9
not segmented, % 15.9+1.7 7.74+0.9
lymphocytes, % 60.7 £0.9 70.7 £0.9
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CONCLUSIONS

The preparations BDM!'-1 plus and BDM!-2
plus, introduced into the diets for feeding

sheep, have a positive effect on the
spermogram. After 50 days of administration in
rams, the ejaculate volume increased

significantly (P<0.001), sperm motility from
74% at the beginning of the experiment and
80% at the end of the experiment in the first
experimental group (P<0.1).

Various fluctuations in hematological constants
were identified, but the differences in the
control group, as well as in the experimental
groups, are within the physiological changes at
the lower and upper levels of norms, which
shows that the studied drugs do not adversely
affect the animal organism.
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Abstract

The paper aimed to characterize sea buckthorn meal (SBTM) and to assess his effect in the diet of hea t- stressed
broiler (32°C). A total of 60 Cobb 500 broiler chicks were assigned in two groups (C, E) which included in the diet corn
and soybean meal as main ingredients. Compared with the C diet, the experimental diet (E diet) included the addition of
1% of SBTM. Samples of SBTM (purchased from a local producer) and samples of compound feed were analysed for
their proximate composition, minerals, vitamin E and antioxidant activity. A 5-day balance sheet study was conducted
on broilers in the grower stage (week 4) and in the finisher stage (week 6). Performance parameters (0-42 days) were
recorded. Results showed that SBTM had an important concentration of polyphenols (11.65 mg/g GAE), lutein and
zeaxanthin (91.80 mg/kg), expressing a high antioxidant capacity (99.84 mM ascorbic acid equivalent, 92.1 mM
vitamin E equivalent). Dietary SBTM is a valuable by-product which can be used in broiler diet without negatively
affecting the coefficients of apparent absorption of nutrients and performance, even in heat stress conditions.

Key words: broiler, heat stress, sea buckthorn meal, chemical characterization, performance.

INTRODUCTION ingredients because of their high level of

essential nutrients (protein, amino acids, fatty
The sea buckthorn (Hyppophae rhamnoides) is acids and minerals) and to their high
a fruit-bearing shrub occurring naturally in  antioxidant capacity. Since the leaves, seeds
Romanian flora. Sea buckthorn berries are an  and fruit residues contain high crude protein,
excellent source of phytochemicals such as  they have advantages as basic materials for
asclzorbic acid, tocopherols unsaturated fatty  feed formulations for poultry (Biswas et al.,
ac1@s, and' carotenoids (Yang, et al.,.2001; 2010). Heat stress is a significant cause of
Krejcarova et al., 20.15). Not only the fruits, bqt economic loss in poultry production and is
also the meal (obtained as consequence of oil almost inevitable (Hu et al., 2019). Heat stress

extraction) has a high antioxidant capacity . . . L
(Piissa ct al., 2007; Geotha ct al., 2009) because ~ MPAirs the nutrient digestibility (de Souza et
al., 2016). Nutrient digestibility plays an

it is rich in carotenoids, xanthophylls and
flavonoids (Jung et al., 2012). Research reports ~ important role in ensuring the health and
show that buckthorn is beneficial for poultry ~ Pproductivity of animals. Heat stress mainly
performance (Hu and Guo, 2006; Biswas et al., leads to a decrease in growth performance and
2010; Kaushal and Sharma, 2011), without any  affect the meat quality of poultry by inducing
potential adverse effect on environment (Vlaicu  oxidative stress in the body. Researchers
etal., 2017). (Criste et al., 2017; Hu et al., 2019) reported
Among the oil extraction industry by-products,  that improving the antioxidant capacity of
meals are vegetable raw materials with low cost  poultry may help mitigate the influence of heat
that can be used in animal feeding (Panaite et gtress. The polyphenols are phytocompounds
al., 2016). The same authors concluded that sea  \hich have a high antioxidant potential, being

buckthorn meal as by-product meet the feeding  considered the most efficient active compounds
requirements  for inclusion as  dietary

&3



(Trifunschi et al., 2017). Polyphenols are
natural antioxidants that can reduce oxidative
stress and widely exist in plants, they therefore
have great potential to be used as a novel feed
additive for improving productivity in heat-
stressed poultry. In recent years, there is a
necessity to use low input forages in poultry
feeding as food industry by-products (e.g.
meals). However, less attention has been paid
to the use of sea buckthorn as a poultry and
livestock feed, therefore determining the feed
value of sea buckthorn will provide scientific
information that can be used to promote its use
as livestock and poultry feed in heat-stressed
broilers. Thus, the paper aimed to characterize
sea buckthorn meal (SBTM) and to assess his
effect in the diet of heat - stressed broiler
(32°0).

MATERIALS AND METHODS

A six-week feeding trial was conducted on 60
Cobb 500 broiler chicks (1 day of age)
evaluated in a completely randomized design,
with two groups (30 chicks per group). The
chicks were housed randomly in three-tiered
digestibility cages, allowing the daily recording
of the feed intake and excreta. Throughout the
experimental period, the environmental
temperature of the experimental hall was kept
constant at 32°C. The humidity parameter was
49%, with 0.45% ventilation/broiler, and 850
ppm CO; emission. The light regimen was
appropriate to the age of the chicks, 23 hours
light/1-hour darkness. From 1 day old, broilers
received a corn and soybean meal-based
control diet (C). Compared with the C diet
(Table 1), the experimental diet (E) included
the addition of 1% sea buckthorn meal
(SBTM). Sea buckthorn meal was purchased
from a local producer (E-Prod SRL,
Teleorman, Romania), dried, grounded and
packed. Feed and water were provided for ad
libitum consumption. None of the groups (C, E)
had monoensin in the premix. Diet
formulations were calculated to meet or exceed
the minimum requirements for broiler chicks
(NRC, 1994). All diets were fed in mash form.

The coefficients of apparent absorption of the
nutrients were determined using the balance
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technique in weeks 4 and 6. In each of these
two weeks, the amounts of ingested feed and of
excreted droppings were recorded for 5
consecutive days. The droppings were collected
daily, for 5 days, at the same hour, weighed and
stored in refrigerator (4°C); average weekly
samples (6 samples/group) were formed,
homogenized and dried in the drying oven, for
48 h, at 65°C. The compound feeds samples
and the average weekly samples of
droppings/group, were analysed for the dry
matter, at 65-103°C (DM); crude protein (CP);
crude fat (EE); crude fibre (CF); Ash (ash). The
coefficients of apparent absorption of nutrients
were calculated as described by Panaite et al.
(2017). Throughout the experimental period (0-
42 days, broiler age) the performance (average
daily gain, average daily feed intake and feed
conversion ratio) was monitored. The chemical
proximate composition of feed samples was
assayed using the chemical methods from
Commission of the European Communities
(2009) as described by Olteanu et al. (2016).
The calcium concentration in samples was
determined according to the titrimetric method
SR ISO 6490-1/1996 and P by spectropho-
tometric method. Trace minerals (Cu, Fe, Zn,
Mn) concentrations (expressed as mg/kg) were
determined by flame atomic absorption
spectrometry after microwave digestion.

The total phenol content of SBTM and feed
samples was measured spectrophotometrically
according to the Folin-Ciocalteu’s method,
described by Untea et al. (2018). The results
were expressed as mg gallic acid equivalent
(GAE)/g DW.

The total antioxidant capacity of the SBTM and
feed samples was evaluated by the phosphor-
molybdenum method of Prieto et al. (1999).
The results were expressed as Mm ascorbic
acid equivalent DW and as Mm vitamin E
equivalent DW.

Lutein and zeaxanthin were analysed using the
method described by Untea et al. (2020) with a
high-performance  liquid  chromatograph.
Vitamin E determination (expressed as mg/kg)
was performed according to the method
described in EC Regulation no. 152/2009,
using a high-performance liquid chromatograph
and a PDA-UV detector at a wavelength of
292 nm.



Table 1. Diet formulation

Starter Grower Finisher
. 0-14 days 15-28 days 29-42 days
Ingredient C ( Y 25 C ( ys) E C ( ys) E
%
Corn 32.73 31.73 36.47 35.47 40.45 3945
Wheat 20 20 20 20 20 20
Corn gluten 2 2 4 4 6 6
Soybean meal 36.17 36.17 30.2 30.2 23.95 23.95
Sea buckthorn meal - 1 - 1 - 1
Sunflower oil 3.85 3.85 431 431 4.72 4.72
Monocalcium phosphate 1.68 1.68 1.52 1.52 1.43 1.43
Calcium carbonate 1.5 1.5 1.38 1.38 1.31 1.31
Salt 0.39 0.39 0.38 0.38 0.33 0.33
Methionine 0.33 0.33 0.25 0.25 0.21 0.21
Lysine 0.3 0.3 0.29 0.29 0.36 0.36
Threonine - - 0.15 0.15 0.19 0.19
Choline 0.05 0.05 0.05 0.05 0.05 0.05
Premix* 1 1 1 1 1 1
Total 100 100 100 100 100 100
Calculated
Metabolisable energy, 3.039,79 3.039,79 3.128,99 3.128,99 3.217,72 3.217,72
keal/kg
Lysine 1.44 1.44 1.29 1.29 1.19 1.19
Methionine 0.69 0.69 0.61 0.61 0.57 0.57
Threonine 0.97 0.97 0.88 0.88 0.81 0.81
Tryptophan 0.25 0.25 0.22 0.22 0.19 0.19

*1kg premix contains: = 1100000 IU/kg vit. A; 200000 IU/kg vit. D3; 2700 IU/kg vit. E; 300 mg/kg vit. K; 200 mg/kg Vit. B1; 400 mg/kg vit. B2;
1485 mg/kg pantothenic acid; 2700 mg/kg nicotinic acid; 300 mg/kg vit. B6; 4 mg/kg Vit. B7; 100 mg/kg vit. B9; 1.8 mg/kg vit. B12; 2000 mg/kg
vit. C; 8000 mg/kg manganese; 8000 mg/kg iron; 500 mg/kg copper; 6000 mg/kg zinc; 37 mg/kg cobalt; 152 mg/kg iodine; 18 mg/kg selenium.

C - conventional diet; E - conventional diet + 1% sea buckthorn meal.

The complete randomized model was used to
analyse the data for growth performance. The
effects of treatments were tested by analysis of
variance (ANOVA and t test) using Stat view
for Windows (SAS, wversion 6.0). The
differences between means were considered
statistically significant at P<0.05.

RESULTS AND DISCUSSIONS

Table 2 shows the chemical composition of
SBTM, highlighting a rather high level of fibre
(16.11%). The high level of fibre had count on
choosing the level of inclusion of SBTM in
broiler diet. The SBTM also represents a
valuable source of antioxidant compounds as
polyphenols, lutein and zeaxanthin (Table 2)
and vitamin E which contribute to his
antioxidant capacity. The meal used in this
study was not as rich in minerals as values in
the literature for fruit pulp, but as by-product,

contains important amount of Mn and Zn
(Table 2).

Table 2. Chemical characterization of sea buckthorn

meal

Variable Sea buckthorn

meal
Dry matter, % 88.94
Crude protein, % 12.43
Crude fat, % 13.29
Crude fiber, % 16.11
Ash, % 2.89
Cu, mg/kg 6.69
Fe, mg/kg 1.35
Mn, mg/kg 20.26
Zn, mg/kg 31.86
Vitamin E, mg/kg 143.16
Lutein + zeaxanthin, mg/kg 91.80
Total polyphenols, mg GAE /g DW 11.65
mM ascorbic acid equivalent DW 99.84
mM vitamin E equivalent DW 92.10
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Compared with the National Research Council
(1994), Biswas et al. (2010) reported that the
leaves, seeds and fruit residues of sea
buckthorn contain enough crude fat and crude
protein for poultry growth. Lu et al. (1991) had
characterize the sea buckthorn (seeds, leaves
and fruit residues) compared with other feed
ingredients (alfalfa, green sweet clover, green
Symphytum, leaves of sophora, green reserved
maize stalk, carrot, powdered soybean stalk,
sorghum seed, maize seed, broad bean,
soybean, pea). They showed that the crude
protein content of sea buckthorn was higher
than that of majority, excepted soybean, broad
bean and pea. It contains necessary amount of
crude protein and fat and stimulates the growth
and productivity of livestock and poultry as
well, particularly in dry and cold areas (Biswas

et al., 2010; Kaushal & Sharma, 2011).
Compared with the polyphenols content of
SBTM obtained by Panaite et al. (2016), data
from Table 2 show a higher content, by
12.13%. Differences may be originating from
the method of oil extraction, method of analyse
solvent used for extraction, etc. It was reported
that sea buckthorn contains large amounts of
carotenoids and vitamin E located mainly in
membrane and the fleshy mesocarp (Zeb,
2004). The antioxidant vitamin E content of
SBTM makes it a valuable contributor in
helping the overall health and scavenging free
radicals. In this regard, it has been reported that
phytochemicals with antioxidant activity offer
great hope as a solution for heat stress in
poultry (Hu et al., 2019).

Table 3. Chemical composition of the compound feeds depending on the growth stage

Variable Starter compound feed Grower compound feed ~ Finisher compound feed
(0-14 days) (15-28 days) (29-42 days)
C E C E C E
Dry matter, % 88.52 89.18 88.84 89.41 89.18 89.21
Crude protein, % 23.00 22.79 21.50 21.65 20.00 19.89
Crude fat, % 5.48 5.52 6.01 6.07 6.49 6.52
Crude fibre, % 3.77 4.42 3.57 3.67 3.36 3.83
Ash, % 7.08 7.51 7.01 6.70 6.81 6.53
Ca, % 0.96 0.98 0.87 0.89 0.81 0.90
P, % 0.77 0.77 0.70 0.73 0.65 0.66
Cu, ppm 7.09 6.93 8.77 9.44 9.82 9.47
Fe, ppm 523.71 533.60 534.81 536.77 510.25 566.31
Mn, ppm 143.86 152.45 118.80 125.52 111.14 134.31
Zn, ppm 110.17 104.70 109.21 121.83 105.9 109.39
Vitamin E, ppm 44.01 42.89 45.92 47.41 52.16 52.94
Lutein + zeaxanthin, ppm 8.44 7.24 13.32 13.38 16.15 16.71
Total polyphenols, mg GAE/g 1.67 1.63 1.55 1.77 1.87 1.92
Antioxidant capacity
mmol ascorbic acid equivalent/kg ~ 29.60 27.25 35.36 38.43 30.69 37.99
DW
Antioxidant capacity
mmol vitamin E equivalent/kg 30.86 28.28 37.13 40.45 31.94 39.96

DW

C- conventional diet; E- conventional diet + 1% sea buckthorn meal

Besides of people feeding, sea buckthorn,
especially its leaves, pomace and press cake,
can also be used as an ingredient of animal feed
(Kaushal and Sharma, 2011). The results of the
chemical analysis of the compound feeds
(Table 3) shows that in the starter, grower and
finishing stage, the compound feeds were
balanced as energy and protein content.
Notably, once SBTM was added in the
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experimental diet, an increase in the crude fiber
and crude fat content compared with the control
diet was observed (Table 3). Regarding the
mineral content (Ca, P, Cu, Fe, Mn, Zn) of
compound feeds, there were observed a slightly
increase in E diet compared with C diet.
Vitamin E concentration was slightly higher in
experimental diet during grower and finisher
stage compared with control diet. The addition



of SBTM in broiler diet revealed an increase in
polyphenol content of experimental diet in

grower and finisher stages, resulting in an
increase in the antioxidant capacity (Table 3).

Table 4. Effect of SBTM on the coefficients apparent absorption of the nutrients (grower stage)

Variable C E SEM p-value
Dry matter (DM)
Ingested (g/chick/day) 70.14 67.84 2.962 0.7467
Excreted (g/chick/day) 17.42 17.67 1.101 0.9157
Absorbed (g/chick/day) 5271 50.17 2.032 0.5552
Absorption coefficient (%) 7479 7403 0.669 0.6962
Organic matter (OM)
Ingested (g/chick/day) 62.85 61.02 2.655 0.7487
Excreted (g/chick/day) 13.65 13.63 0.856 0.9210
Absorbed (g/chick/day) 49.20 47.19 1.913 0.6235
Absorption coefficient (%) 77.98 77.58 0.588 0.7450
Crude protein (CP)
Ingested (g/chick/day) 17.45 16.05 0.745 0.3823
Excreted (g/chick/day) 221 2.36 0.181 0.7004
Absorbed (g/chick/day) 15.22 13.70 0.641 0.2533
Absorption coefficient (%) 87.18 85.62 0.722 0.3018
Crude fat (EE)
Ingested (g/chick/day) 4.65 4.72 0.200 0.8713
Excreted (g/chick/day) 0.39 0.38 0.030 0.7991
Absorbed (g/chick/day) 4.25 434 0.176 0.8203
Absorption coefficient (%) 91.16 92.14 0.394 0.5085
Crude fiber (CF)
Ingested (g/chick/day) 2.95 3.41 0.152 0.1304
Excreted (g/chick/day) 2.12 221 0.131 0.7518
Absorbed (g/chick/day) 0.828 1.20° 0.074 0.0035
Absorption coefficient (%) 26.55 35.75b 2.072 0.0173
Ash
Ingested (g/chick/day) 561 521 0.239 0.4290
Excreted (g/chick/day) 3.04 3.01 0.194 0.9506
Absorbed (g/chick/day) 2.57 2.20 0.114 0.1031
Absorption coefficient (%) 44.69 42.81 1.658 0.5944
“5Means in the same column with different superscripts differ significantly (p<0.05).
SEM = standard error of the means; C - conventional diet; E - conventional diet + 1% sea buckthorn meal.

Table 4 data show the coefficient of apparent
absorption of nutrients for broilers in the
grower stage. Although SBTM was included in
the E diet, the coefficient of apparent
absorption of dry matter, organic matter, crude
protein, crude fat and ash were not recorded
significantly differences (P>0.05) compared
with C group. Notably is that under heat stress,
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broilers fed E diet had a significantly (P<0.05)
higher coefficient of apparent absorption of
crude fibre (Table 4). Under thermoneutral
conditions, others (Li et al., 2008) reported an
increase in the apparent digestibility of dietary
crude protein as consequence of broiler diet
supplementation with 0.1% and 0.2% flavones
of sea buckthorn.



Table 5. Effect of SBTM on the coefficients of apparent absorption of nutrients (finisher stage)

Variable C E SEM p-value
Dry matter (DM)
Ingested (g/chick/day) 82.79 74.20 7.550 0.8025
Excreted (g/chick/day) 18.66 17.79 1.607 0.6697
Absorbed (g/chick/day) 64.13 56.40 6.023 0.5468
Absorption coefficient (%) 76.73 75.68 0.545 0.3576
Organic matter (OM)
Ingested (g/chick/day) 74.82 67.34 6.831 0.6079
Excreted (g/chick/day) 14.84 14.18 1.284 0.6066
Absorbed (g/chick/day) 59.98 53.16 5.619 0.5691
Absorption coefficient (%) 79.54 78.65 0.458 0.3573
Crude protein (CP)
Ingested (g/chick/day) 17.42 16.85 1.633 0.8692
Excreted (g/chick/day) 2.42 235 0.106 0.7465
Absorbed (g/chick/day) 15.00 14.50 1.544 0.8792
Absorption coefficient (%) 84.57 8525 0.859 0.7125
Crude fat (EE)
Ingested (g/chick/day) 5.96 552 0.549 0.7081
Excreted (g/chick/day) 0.81 0.69 0.073 0.4175
Absorbed (g/chick/day) 515 4.83 0.482 0.596
Absorption coefficient (%) 86.39 87.39 0.390 0.2146
Crude fiber (CF)
Ingested (g/chick/day) 3.63 3.68 0.349 0.9442
Excreted (g/chick/day) 1.99 1.96 0.190 0.9296
Absorbed (g/chick/day) 1.63 1.72 0.177 0.8162
Absorption coefficient (%) 42.84 46.55 1.430 0.2078
Ash
Ingested (g/chick/day) 6.44 553 0.583 0.4597
Excreted (g/chick/day) 3.01 3.03 0.274 0.9710
Absorbed (g/chick/day) 3.44 2.50 0.349 0.1929
Absorption coefficient (%) 51.54° 44.525 1.655 0.0252

% ®Means in the same column with different superscripts differ significantly (p<0.05). SEM = standard error of the
means; C - conventional diet; E - conventional diet + 1% sea buckthorn meal.

The coefficients of apparent absorption of
nutrients in the finisher stage, can be visualised
in the Table 5. Broiler feeding with diet
containing 1% SBTM, did not significantly
influence (p>0.05) the absorption of DM, OM,
CP, EE, CF (Table 5). However, it can be
observed that the absorption coefficient of Ash
was significantly lower (p<0.05) in the group
fed diet with 1% SBTM compared with the
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group fed conventional diet. Fewer results are
available on nutrients digestibility in hot
environments. Many studies support the idea of
heat stress can affects nutrient digestibility
(Bonnet et al., 1997; de Souza et al., 2016).
This affirmation can be explained by the fact
that high environmental temperature alters the
morphology of small intestine (decrease in
villus height and ratio of villus height to crypt



depth) and consequently the absorption of
nutrients is affected. It was reported that
chronic heat exposure decreases protein
digestion, particularly with the summer diet.
(Wallis and Balnave, 1984; Zuprizal et al.,
1993).

However, in the present study, even if broilers
were subjected to heat stress, the absorption of
nutrients was not negatively affected. There are
studies that have showed the effect of dietary
plant materials on digestibility of nutrients in
broilers under thermoneutral or heat stress
conditions. For example, dietary artichoke
extract supplementation improved (P<0.01) the
digestion coefficients of DM, CP and CF in

broilers (Hassan et al., 2015). Significant
increases in crude protein (CP) and crude fat
(EE) digestibility were achieved by heat-
stressed birds fed diets supplemented with
cinnamon, turmeric, ginger (0.5 g/kg) or
ascorbic acid (200 mg/kg) compared with those
of the control group, but those of other
nutrients were unaffected (El-Maaty et al.,
2014). On the contrary, Cross et al., (2007)
showed no effect on the digestibility of
nutrients when broilers (7 to 28 days of age)
were fed diets with 10g/kg herb (thyme,
oregano, marjoram, rosemary Or yarrow) or
1 g/kg of essential oil.

Table 6. Effect of dietary sea buckthorn meal on performance of heat- stressed broiler (0-42 days)

Variable C E SEM p-value
ADG (g/broiler/day)

1-14 27.84 27.42 0.519 0.7091
15-28 51.41 48.73 2.205 0.5677
29-42 62.99 57.06 13.063 0.8326
1-42 44.59 40.44 2.632 0.4561
AFI (g feed/broiler/day)

1-14 37.11 36.53 0.569 0.6352
15-28 77.03 74.04 3.035 0.6452
29-42 97.59 84.36 7.110 0.3769
1-42 72.87 64.98 3416 0.2671
FCR (g feed/g gain)

1-14 1.33 1.33 0.014 0.4204
15-28 1.50 1.52 0.147 0.3877
29-42 2.20 1.93 0.119 0.5777
1-42 1.65 1.62 0.029 0.5709

Where: ADG = average daily gain; AFI = average feed intake; FCR = feed conversion ratio; SEM = standard error of the means; C - conventional

diet; E - conventional diet + 1% sea buckthorn meal.

The ADG of broilers fed diet with 1% SBTM
was not significantly (p >0.05) different from
that of broilers fed conventional diet (Table 6).
Although not statistically significant, the FCR
(0-42 days) of broilers from E group was lower
compared to those from C group (Table 6).
Even if the broilers were exposed to heat stress,
there was no effect (p >0.05) of diet
supplementation with SBTM on AFI (0-42
days). In our study no mortalities were
recorded in any of the two experimental
groups. Fewer studies were found in the
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scientific literature on application of sea
buckthorn in  poultry nutrition. Many
researchers reported considerably increase in
body weight of livestock and poultry after
feeding with leaves, seeds and fruit residues of
sea buckthorn (Hu, 2000; Hu and Guo, 2006;
Biswas et al., 2010). Zhao et al. (2012) revealed
that supplementation of flavones from sea
buckthorn leaves significantly decreased AFI
without  affecting  growth  performance.
Flavones of sea buckthorn play an important
role in immunomodulation, antibiosis, and



antioxidant reactions (Suryakumar and Gupta,
2011), resulting in the improvement of growth
and feed utilization. Under thermoneutral
conditions, Ma et al. (2015) showed that the
use of 0.05 to 0.10% flavones from sea
buckthorn had a positive influence on growth
performance of broilers.

CONCLUSIONS

Sea buckthorn meal represents a valuable by
product regarding the chemical composition,
which can be included in broiler diet. The
present findings showed that dietary SBTM,
did not negatively affects the coefficients of
apparent absorption of nutrients and broiler
performance even under heat stress conditions.
These results need to be further evaluated in
order to assess the effect of SBTM on the
antioxidant status of the heat-stressed broiler.
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Abstract

The utilization of the lupine seeds (Lupinus spp. L.) from low-alkaloids varieties in monogastric animals feeds is limited
due to the presence of antinutritive factors. Studies show that a considerable improvement of the nutritional
composition of lupine is achieved by dehulling the seeds. The seed dehulling process increases the crude protein and fat
levels, and decreases the content of cellulose, neutral detergent fibers and acid detergent fibers. An improvement of the
biological value of lupine protein and the nutritional quality of fat is also obtained by dehulling. Antinutritive factors,
such as non-starch polysaccharides and oligosaccharides, are partially reduced by dehulling, because of their storage
in high concentrations in the kernel. For poultry and swine feeding, the utilization of whole lupine seeds is limited due
to the lack of endogenous enzymes for processing the antinutritional factors. Therefore, numerous studies highlight that
the use of dehulled seeds realizes similar bioproductive performances as soybean by-products. This is possible if the
optimal inclusion level of lupine in diets and the adequate balance in limited amino acids are realized. Lupine seeds are
therefore a valuable alternative source of proteins and fat, which is proven to be able to support productions, while
improving the quality of animal products.

Key words: dehulled, lupine seeds, monogastric animals, protein.

INTRODUCTION species cultivated in different pedo-climatic
areas (Drummond, 2008; Drummond et al.,
Currently, concurrency for protein feed 2012).
between humans and animals, especially =~ The most commonly used species of sweet
monogastrics, determines protein sources to lupine are Lupinus albus, Lupinus luteus in
become progressively more limited and  Europe, Lupinus angustifolius in Australia and
expensive (Henchion et al., 2017). The use of  Lupinus mutabilis in South America (Lucas et
soybean seeds as the main plant protein source al., 2015; Sedlakova et al., 2016). Lupine has
raises some ethical, ecological and especially been shown to be successfully used in animal
economic issues, so it is necessary to find new nutrition, thus becoming an integrated part of
possibilities to reduce dependence on the modern agriculture, also used to increase soil
imported protein sources in Europe, while fertility due to nitrogen fixation, being
guaranteeing the security of origin (Kasprowicz considered a very good precursor plant for
et al., 2016). Lupine (Lupinus spp. L.) is other crops (Seymour et al., 2012; Weisskopf et
considered a valuable vegetal protein source  al., 2008). Presently, the use of lupins from low
because of its nutritional profile comparable to alkaloid varieties, so called sweet lupins, in the
other vegetal protein sources used in farm  nutrition of monogastrics animals is limited due
animalnutrition, such as soybean meal (De to their content in certain anti-nutritional
Visser et al., 2014). Lupin is part of the factors, such as non-starch polysaccharides,
Fabaceae family, and the genus Lupinus oligosaccharides, hemicellulose, cellulose and
includes 267 annual and perennial herbaceous especially neutral detergent fibers (NDF) and
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acid detergent fibers (ADF) that are lowly
digestible and reduce the digestibility of
nutrients (Olkowski, 2010).

Studies show that the utilization of mechanical
removal procedures of hulls from lupine seeds
(such as dehulling) contributes to the increase
in nutritional value and the degree of feed
utilization and implicitly, to the bioproductive
performances of the animals (De Vries et al.,
2012). Therefore, the aim of this review is to
highlight the effect of dehulling lupine seeds on
the chemical composition and nutrition value of
seeds and its use for monogastric animal
nutrition.

MATERIALS AND METHODS

NUTRITIONAL CARACTERIZATION OF
LUPINE SEEDS

Current researches about the chemical
composition and nutritional quality of lupine
seeds show a variable nutritional profile
depending on the cultivars, pedoclimatic
conditions and applied agrotechnics (Mierlita et
al., 2012; Ksigzak et al., 2018; Tomczak et al.,
2018).

In order to improve the nutritional value of
lupine seeds, studies show that some
procedures may be applied, such as dehulling,
crushing, germination (Chilomer et al., 2013),
decreasing particle size (Kim et al., 2009)
roasting, microwaves, autoclaving (Batterham
et al., 1986) and addition of specific enzymes.
Among the physical methods, dehulling of
seeds and use the kernel has proven to be an
effective and economical method that
considerably improves the nutritional value of
lupine seeds (Embaby, 2010; Laudadio and
Tufarelli, 2011a).

Chemical composition of lupine seed

Numerous studies are focused on the chemical
composition of whole lupine seeds
characterized by high content in crude protein,
crude fat and cellulose (Yilmaz et al., 2015;
Bartkiene et al., 2016). Values differ according
to lupine species, cultivars and pedoclimatic
conditions, but are comparable to other vegetal
protein sources, e.g. soybean (Glycine max)
(Bahr et al., 2014) or faba bean (Vicia faba)
(Mattila et al., 2018). Other studies have also
shown that dehulling of lupine seeds

93

determines a significant increase in protein and
fat content, as well as a reduction in crude
cellulose level, especially in cell wall
constituents (NDF, ADF) and carbohydrates
(Glencross et al., 2007; Vecerek et al., 2008).
According to table 1, whole lupine seeds are
characterized by variable protein content,
between 25.01 and 42.8% in DM (dry matter).
After dehulling the seeds, an increase in the
level of crude protein is observed, having
values between 31.1 and 54.4% in DM. Bihr et
al (2014) mentions that the protein level in
dehulled lupine seeds (from three species) is
similar to the soybean protein level.

Table 1. Effect of dehulling on the chemical composition
(% of dry matter) of low-alkaloid lupine seeds varieties

L.
angustifolius
1 2 3 4

DS | WS | DS | WS | DS WS
93.1 | 959 | 95.7 91.1

L. albus L. luteus

Nutrients

WS
92.9

DS
91.1

Dry matter
Crude
protein
Crude ash
Crude fat

Crude
cellulose

NDF
ADF

355 | 429 | 384 | 435 | 428 | 544 | 29.0 | 372

3.5
8.8

3.6
9.3

4.1
7.9

4.2
10.2

53
3.7

6.4
5.7

2.5
5.3

2.5
6.7

11.9 | 8.0 152 | 3.7 16.9 3.8 13.1 2.1

20.6
12.9

15.0
7.8

216 | 8.6

54

25.6
222

26.0
17.2

5.8
32

17.4 13.6

Note: 1 - Laudadio and Tufarelli (2011a); 2 - Pisatikova et al. (2008);

3 - Mieczkowska et al. (2005); 4 - King et al. (2000); WS - whole
seeds; DS - dehulled seeds; NDF - neutral detergent fibers; ADF - acid
detergent fibers.

The fat content can be influenced by the
genotype of the species as well as the
pedoclimatic growth factors of the plant
(Boschin et al., 2008). Rybinski et al. (2018)
found a variation of the crude fat content from
L. albus whole seeds, ranging between 6.9%
and 14.1% in DM, with an average of 9.81%
DM. According to the data from table 1, by
dehulling, the crude fat level increases from
3.7-8.81% of DM (whole seeds) to 5.42-
10.23% DM (dehulled seeds).

The high content in crude celullose of lupine
seeds slows digestion, affects metabolic
assimilation of nutrients and reduces the
nutritional value of feed for monogastric
animals, incapable to efficiently degrade
cellulose. Strakova et al. (2006) mention that
for the lupine species cultivated in Europe, the
content of cellulose in whole seeds wvaries
between 94-142 g/kg and between 124-192
g/kg, values higher than in soybeans. The
content of crude celluose in lupine seeds is



about 13% in DM, which is double compared
with soybean meal (6.2% DM), peas (5.3%
DM) or faba beans (8.1% DM) (Van
Barneveld, 1999). Dehulling proces is
demonstrated to reduce NDF content by 16%
and ADF by 13.7% (Mera-Zuiiiga et al., 2018).
The crude ash level in lupin seeds is a good
indicator of macroelements and microelements
content (Grela et al., 2017). According to table
1, there is a slight increase in ash for dehulled
seeds, by a species-dependent mode.

The content in N-free extract (NFE) differs in
lupine species and contains, in addition to
starch, pectin, more water soluble non-starch
polisaccharides and oligosaccharides (Sujak et
al., 20006). The content in NFE decreases after
dehulling, from 47.8% to 38.3% of DM in
kernel (Saez et al., 2015).

The high energy value of lupine seeds is due to
high fat content, thus Bartkiene et al. (2016)
established the metabolisable energy value to
be 369 kcal/100 g for L. luteus and 378
kcal/100 g for L. angustifolius seeds. The
content in non-starch polisaccharides (NSP)
depreciates the energy value of lupine seeds for
monogastrics animals, demonstrating that for
each percentage of NSP presence in lupine
seeds administrated to broiler chickens, a
decrease with 0.288 MIJ of metabolisable
energy occurs (Sipsas and Glencross, 2005).
Gross energy suffers minor changes after seeds
dehulling, increasing by up 3.4 percentage
points for L. albus (Saez et al., 2015). King et
al  (2000) highlight that by dehulling
L. angustifolius seeds, the digestible energy
increases from 15.81 to 16.85 MlJ/kg DM.
According to Nalle et al. (2010), the AMEN
(nitrogen-corrected  apparent metabolisable
energy) improves with 30% by dehulling the
L. angustifolius seeds and with 52% according
to Mera-Zuiiga et al. (2018).

Biological value of lupine seeds protein

The nutritional value of lupine seed protein is
reflected by the essential amino acids content.
The value of lupine protein is comparable to
the values of soybean meal protein, peas or
other legume grains (Sujak et al., 2006). Whole
sweet lupine seeds are characterized by a
variable amino acid profile, being rich in
lysine, leucine, valine, threonine, isoleucine,
serine, but deficitary in tryptophan and sulfur
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amino acids such as methionine and cystine
(Table 2). Among the non-essential amino
acids, the highest content is in glutamine,
aspartic acid and arginine (Nalle et al., 2011).

Table 2. Effect of dehulling on the amino acids content
(g/16 g N) of lupine seeds from the low alkaloid varieties

L. albus L. luteus L'. -

AA 1* [ 2+ 3* [ 4 5*

ws [ ps [ ws [ ps | ws | ps | ws [ ps
Essential AA
Lys | 363 | 3601 | 546 | 519 | 540 | 3,08 | 469 | 447
Met | 076 | 077 | 112 | 115 | 020 | 055 | 062 | 062
Thr | 349 | 349 | 3.72 | 363 | 380 | 352 | 3,30 | 339
lle | 358 | 3,56 | 390 | 3.97 [ 3,10 | 3.66 | 337 | 3.46
Val | 3,69 | 370 | 3.74 | 370 | 3.30 | 341 | 822 | 877
Leu | 724 | 724 | 626 | 617 | 820 | 7.80 | 6,09 | 622
His | 234 | 235 | 3.00 | 294 | 2,80 | 2.55 | 2.56 | 2.47
Phe | 3.97 | 398 | 3.53 | 312 | 400 | 381 | 3,53 | 360
Non-essential AA
Arg | 949 | 946 [ 1138 [ 11,7 | 11,5 [ 11,19 | 822 | 877
Cys | 110 | L2 | 200 | 225 [ 200 | 7.14 | 9,16 | 942
Asp | 1042 | 1041 | 1058 | 10,5 | 116 [ 1071 | 3,53 | 3.6
Ser | 546 | 545 | 507 | 512 | 650 | 524 | 395 | 413
Tyr | 408 | 408 | 239 | 213 [ 230 | 308 | 431 | 437
Glu | 1992 | 1989 | 15,10 | 147 | 23,7 | 2463 | 392 | 396
Pro | 417 | 417 | 418 | 420 | 230 | 6.63 | 1845 | 19.7
Gly | 431 | 431 | 379 | 3,76 | 450 | 396 | 1,29 | 1.20
Ala | 341 | 342 | 320 | 317 | 3.60 | 337 | 3.82 | 382

Note: 1 - Laudadio and Tufarelli (2011a); 2 - Pisatikova et al. (2008); 3
- Pastor-Cavada et al. (2009); 4 - Smith et al. (2007); 5 - Nalle et al.
(2010); * - value adapted at g/16g N; AA - Amino Acids; WS - whole
seed; DS - dehulled seed.

As resulting from table 2, the effect of
dehulling on the amino acid composition of
lupine seeds is a slight improvement in their
content. The increase of protein content in
amino acids as a result of dehulling depends on
species and cultivars (Nalle et al., 2010).
According to Mera-Zufiiga et al. (2018), the
dehulling process of lupine seeds determines an
increase in essential amino acid content by 0.7-
0.48 percents. Previously, Pisatfikovd et al.
(2009) mention in a review that in dehulled
lupine seeds the level of protein and amino
acids increases by even 13%. Improving the
amino acid content in dehulled seeds also
determines the improvement of the biological
value of proteins (Strakova et al., 2006).
However, given the limited content of lupine
seed proteins in some essential amino acids
(methionine, tryptophan), this may be used in
the nutrition of monogastric animals in
association with others plant proteins based on
their complementarity and/or by the use of
synthetic amino acids (Pisafikova et al., 2008).

Fatty acids content in lupine seeds
The fatty acid profile of lupine seeds shows the
high content in polyunsaturated fatty acids



(especially linoleic and linolenic acids) as well
as oleic acid (Table 3), which attributes to
lupine seeds the quality for a valuable source of
essential fatty acids. Fatty acid content varies
with species, cultivars and environmental
conditions (Rybinski et al., 2018).

Table 3. Effect of dehulling on the fatty acid content (%
of FAME) of lupine seeds from the low alkaloid varieties

L. albus L. luteus L. angustifolius
Fatty
acids (FA) 1 2 3 4 3 4
WS DS WS WS WS WS
Palmitic
C16:0 5.86 6.95 7.39 5.6 11.06 12.47
Stearic
C18:0 2.98 1.63 2.87 2.70 5.73 6.40
Oleic
C18:11-9 47.65 | 57.72 | 22.62 | 24.1 | 36.53 34.94
Linoleic
C182 n-6 19.97 | 12.52 | 49.19 | 47.7 | 36.68 | 37.64
Arachidic
C20:0 0.90 2.88 | 2.58 1.79 0.76
a-linolenic
C18:3 n-3 10.93 7.89 7.98 6.86 | 432 4.53
Behenic
22:0 3.15 5.61 1.40
Gadoleic
€201 n-9 6.82 1.88 1.55 0.34 0.23
Erucic
€22:1 -9 1.42 0.61 0.70 0.17 0.03
X SFA 12.89 9.96 5.80 17.5 11.10 21.78
X MUFA 56.21 65.54 13.3 264 | 23.70 35.26
¥ PUFA 30.90 | 24.50 | 30.70 | 55.2 | 27.40 423
n-3/n-6 FA 0.55 1.10 7.12 8.34

Note: 1 - Mierlita et al. (2018); 2 - Volek et al. (2018); 3 - Grela et al.
2017; 4 - Andrzejewska et al. (2016); SFA - saturated fatty acids;
MUFA - monounsaturated fatty acids; PUFA - polyunsaturated fatty
acids; FAME - mettyl esterified fatty acids; n-3/n-6 = linolenic/linoleic
fatty acids; WS - whole seed; DS - dehulled seed.

The nutritional value of lipids is represented by
the content and profile of fatty acids as well as
by their report. In L. angustifolius and L. luteus
whole seeds, linoleic acid has the highest level,
followed by oleic acid, but oleic acid followed
by linoleic have the highest level in L. albus
(Boschin et al., 2008; Andrzejewska et al.,
2016). According to Chiofalo et al. (2012), the
high content in gadoleic and oleic acid is
specific for L. albus.

As shown in the table 3, monounsaturated fatty
acids (MUFAs) are well represented in whole
seeds of L. albus (56.21%) and polyunsaturated
acids (PUFAs) in whole seeds of L. luteus and
L. angustifolius (27.4% - 55.24%). According
to Musco et al (2017) white lupine is
representative for the high MUFA content
(54.4% of FAME), yellow lupine is for PUFA
(56.9% of FAME) and blue lupine is for SFA
(24.8% of FAME). Polyunsaturated fatty acids
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are essential nutrients and the linolenic/linoleic
ratio (o-3/w-6) is important for animal nutrition
(Suchy et al., 2008).

Uzun et al. (2007) found that the high
proportion of oleic fatty acid (47.6% of FAME)
from whole white lupin seeds is negatively
correlated with linoleic fatty acid (20.3% of
FAME) and the latter was positively correlated
with the fat content of the seeds.

Dehulling lupine seeds contributes to a slight
improvement of some fatty acid levels and
table 3 reveald that the MUFA content (65.54%
of FAME) is high in dehulled L. albus seeds.
The eicosenoic acid level in L. albus dehulled
seeds is 5.21% of FAME and palmitoleic acid
represents 0.35% of FAME (Volek et al,
2018). According to Suchy et al. (2008), after
dehulling, the content of fatty acids presents an
increase with 20.04-25.18% in L. albus, L.
luteus, L. angustifolius dehulled seeds.

Content in minerals and vitamins of lupine
seed

The vitamin and mineral content in low-
alkaloid lupine seeds is significantly influenced
by species and cultivars (Bartkiene et al., 2016;
Karnpanit et al., 2017). Lupine seeds are
characterized by an appreciable content in
minerals such as Ca, P and K (Table 4).

Table 4. The content of minerals in whole lupine seeds
(g/’kg DM) from the low alkaloid varieties

Minerals L. albus L. luteus angusl;;'fo lius
1 2 1 3 1 3

Ca 3.6 2.38 33 2.95 34 3.33

11.9 11.0 12.8 12.6 11.0 13.4
P 4.8 5.23 8.1 747 49 6.84
Mg 1.9 1.35 3.1 3.14 2.0 2.10
Na 0.118 0.17 0.096 | 0.08 0.094 | 0.08
Fe 0.059 0.038 | 0.095 | 0.13 0.061 0.07
Mn 0.672 0.252 | 0.065 | 0.08 0.041 0.13
Zn 0.047 0.043 | 0.077 | 0.070 | 0.0391 | 0.070
Cu 0.0061 | 0.0082 | 0.010 | 0.020 | 0.0046 | 0.040

Note: 1 - Wasilewko (1999); 2 - Grela et al. (2017); 3 - Rutkowski et
al. (2015).

According to Grela et al. (2017), P and K are
well represented in L. angustifolius and
L. luteus; Ca is found in higher quantities in
L. albus and the high content in Mg is
characteristic for L. luteus.

Phytic acid is the main factor that reduces the
bioavailability of minerals in leguminous
grains, because it is bound in non-degradable



phytates due to chelation with Cu, Fe, Zn, Ca,
Mg, K cations (Gupta et al., 2015). The phytic
acid content of whole lupine seeds (~ 1%)
reduces the bioavailability of phosphorus
(Kasprowicz et al., 2016). For L. angustifolius,
it has been demonstrated that the dehulling of
seeds produces a reduction in total phosphorus
from 3.5 to 1.0 g/kg DM (Kim et al., 2012).
Beacause of the hulls store the most Ca, the
dehulling process of lupine leads to a decrease
from 0.36 % to 0.24 % of DM, but the level in
P increases from 0.61% to 0.77% of DM
(Mera-Zuiiiga et al., 2018) due to its presence
in the kernel (Vecerek et al., 2008 ). Karnpanit
et al. (2017) highlight that although the level of
Ca decrease in L. angustifolius seeds by
dehulling, its bioavailability increases from 6.0
to 10.5 %.

The content in vitamins of whole L. albus seeds
is 3.9 mg/kg DM for thiamine, 2.3 mg/kg DM
for riboflavin and 39.1 mg/kg DM for niacin
(Erbas et al., 2005). The niacin level of lupine
seeds is higher compared with that of soybean
meal (32.6 mg/kg DM) (Erbas et al., 2005).
Martinez-Villaluenga et al. (2006) show for
L. albus and L. luteus a vitamin E content
between 0.19-0.47 mg/100 g DM, a vitamin C
content of 2.56-6.48 mg/100 g DM and a
riboflavin content of 0.37-0.85 mg/100 g DM.

RESULTS AND DISCUSSIONS

ANTINUTRITIONAL FACTORS OF
LUPINE SEEDS FROM LOW-ALKALOID
VARIETIES

New varieties of sweet lupine seeds are
characterized by a low content of alkaloids
(less than 0.02%), but there are certain
antinutritional factors such as cellulose (NDF
and ADF), non-starch polysaccharides and
oligosaccharides that reduce the value of
nutrients from lupine seeds, especially for
monogastric animals (Musco et al., 2017).
These compounds cannot be degraded by the
endogenous enzymes of monogastrics due to
the absence of specific enzymes.

Non-starch polysaccharides (NSP)

Lupine seeds are characterized by a significant
content in antinutritional substances such as
non-starch polysaccharides, bioactive
compounds that cannot be efficiently
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metabolized by endogenous enzymes of
monogastric animals (Smulikowska et al.,
2014; Hejdysz et al., 2018b). In poultry
nutrition, NSP have a low digestibility and
reduce the efficiency of feed utilization,
representing the most important antinutritive
factor from lupine seeds (Kaczmarek et al.,
2016b). Their content in whole seeds is up to
40% of DM (Petterson, 2000).

Lupine seeds contain 22-24% hulls and 76-78%
kernel (Van Barneveld, 1997; Vecerek et al.,
2008). Polysaccharides such as cellulose,
hemicellulose, arabinoxylans and pectins are
found in the structure of the hull, and
carbohydrates such as non-structural cell wall
polysaccharides (arabinose, galactose, uronic
acid) are found in the kernel (Table 5). The
most important cell wall polysaccharide is
cellulose (48.1% of DM, in hulls) (Knudsen,
2014), amounting in whole lupine seeds to 167-
192 g/kg DM (Gdala and Buraczewska, 1996).

Table 5. Effect of dehulling on the non-starch
polysaccharide content (g/kg DM) of lupine seeds

L. albus L. luteus L. angustifolius
PNA 1 1 2 3 1 1
WS DS WS WS WS DS
Rhamnose 24 1.0 1.1 2.8 1.2
Arabinose 44.9 38.1 34.8 394 45.7 439
Xylose 37.6 17.5 26.3 349 27.9 223
Mannose 15.2 9.1 35 45 16.0 12.5
Galactose 1544 | 142.6 | 522 58.2 190.1 191.8
Glucose 95.6 36.0 85.0 126 115.8 47.4
Total PNA 240.2 | 302.2

Note: 1 - King et al. (2000); 2 - Olkowski (2011); 3 - Krawczyk et al.
(2015b); PNA - non-starch polysaccharides; WS - whole seed; DS -
dehulled seed.

In kernel of lupine seeds there are some
fractions of soluble NSP and oligosaccharides
that favor fermentation processes in the small
intestine, thus reducing the efficiency
utilisation of feed energy from monogastric
animal diets (King et al., 2000, Lee et al.,
2016). The soluble fraction is considered to
have an antinutritional effect characterized by
increasing the intestinal passage time and gives
a viscosity consistency to the digesta
(Konieczka and Smulikowska, 2017). The
content of lupine in soluble NSP is 5-10%
(Evans et al.,, 1993; Kocher et al., 2000).
Insoluble fractions (approximately 30%) do not
have major negative effects on the utilisation of



nutrients by monogastric animals, with even
positive  effects on intestinal motility
(Petterson, 2016).

According to the results reported by King et al.
(2000), the dehulling process reduces the
content of NSP from lupine seeds (Table 5).
Nalle et al. (2010) found that, by dehulling, a
reduction in the content of L. angustifolius
seeds in soluble NSP (from 31.5 to 19.3 g/kg)
and insoluble (from 463 to 240 g/kg) is
produced. For poultry, NSP lead to an increase
of intestinal digesta viscosity (especially in the
ileum) and excretion humidity, reducing the
ingestion and the degree of feed utilization and
on the other hand, alters the microclimate
parameters of poultry breeding shelters
(Kocher et al., 2000; Steenfeldt et al., 2003).

Raffinose family oligosaccharides (RFO)

The main oligosaccharides present in lupine are
raffinose, stachyose, verbascose and sucrose
(Table 6). The content in seeds differs
according to species, varieties and year of
cultivation (Karnpanit et al., 2016).
Oligosaccharides are found in high proportions
in lupine seeds, presenting variations between
5.3-12.3% of DM, and L. luteus is the species
with highest content of oligosaccharides (9.46-
12.3% DM) (Martinez-Villaluenga et al.,
2005). According to Stanek et al (2015), the
oligosaccharide content in L. angustifolius
varies between 63.2 and 73.6 g/lkg DM.

Table 6. The raffinose family oligosaccharides content
(g/kg DM) of lupine seeds from low alkaloid varieties

L. albus L. luteus L. angustifolius
RFO WS DS WS WS WS WS
1 1 2 3 4 5
Saccharose | 24.9 | 26.3 19.68
Raftinose 7.02 | 7.92 10.91 11.0 12.0 13.0
Stachylose | 43.4 | 59.1 74.15 | 494 | 56.1 53.0
Verbascose | 7.47 10.3 45.85 253 19.6 19.0
Total RFO | 83.5 | 104.3 | 13091 | 85.7 | 87.7 85.0

Note: 1 - Pisafikova et al. (2008); 2 - Chilomer et al. (2012); 3 -
Rutkowski et al. (2016); 4 - Hejdysz et al. (2018a); 5 - Karnpanit et al.
(2016). RFO - raffinose family oligosaccharides; WS - whole seed; DS
- dehulled seed.

According to the values from Table 6, there is
no positive change in the content of
oligosaccharides by dehulling lupine seeds. An
increase of their level is observable, but it may
be due to the method of dehulling (wet or dry
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method) (Karnpanit et al., 2016). According to
Brenes et al. (2003), the L. albus dehulled
seeds have a higher content in total RFO than
whole seeds: 63.4 mg/g vs. 58.8 mg/g. Lupine
whole seeds contain more oligosaccharides
(8.26%) than soybean seeds (6.96%), sunflower
(1.73%) or rape (1.79%) (Geigerova et al.,
2017).

Alkaloid content

Currently, sweet lupine varieties of L. luteus,
L. albus and L. angustifolius species with low-
alkaloids content are cultivated (Frick et al.,
2017). Therefore, the inconvenience generated
by the presence of a high level of alkaloids has
been eliminated, which has led to the
progressive use of lupine in animal feeds.
However, the content of alkaloids in lupine
seeds is influenced by some factors such as
species, cultivars, geographical area or pedo-
climatic conditions (Giliémes-Vera et al., 2012;
Maknickiene et al., 2013; Romeo et al., 2018).
In the whole seeds of L. albus, the total
alkaloid content ranges from 3.63 to 165
mg/100 g (Calabro et al., 2015). In L. luteus the
level of alkaloids is 42.6-58.5 mg/kg
(Kaczmarek et al., 2016b) and in
L. angustfolius it is 0.36-0.56 mg/kg (Stanek et
al., 2015). The main alkaloids from lupine
seeds are lupanine (34.6 mg/100 g in L. albus),
sparteine (1.01 mg/100 g in L. luteus and 1.24
mg/100 g in L. angustifolius), angustifoline
(1.28 mg/100 g in L. albus and 0.45 mg/100 g
in L. angustifolius), 13-a-hydroxylupanine
(2.54 mg/100 g in L. albus and 1.34 mg/100 g
in L. angustifolius) (Musco et al., 2017).

THE UTILIZATION OF SWEET LUPINE
SEEDS IN THE MONOGASTRIC
ANIMAL FEEDING

Use of lupine seeds in poultry feeding

Attempts to use lupine seeds as the main source
of protein in poultry feeding are an objective of
researches in the field. Poultry have the ability
to efficiently use the amino acids and energy of
lupine, but the antinutritive factors minimize
their biological potential to valorize their
nutrients. Studies are primarily focused to
determine the bioproductive effects of lupine as
a result of the substitution of protein from
soybean meal in different proportions. Soybean



meal is the most important protein source in
poultry feeding.

Use of lupine seeds in broiler chicken feeding
Raw lupine seeds can be administered to
broiler chicken feed in a proportion of 15% to
25, without exerting negative effects on
bioproductive performances (Brenes et al.,
2002; Hejdysz et al., 2018b). According to
some studies conducted by Strakova et al.
(2010), the administration of 8.67 to 31.03%
lupine seeds in broiler chicken (1-42 days)
feeds has been shown to improve the quality of
breast and thigh muscles, with an increase in
the MUFA content of lipids, especially in oleic
acid (p <0.01), compared to chickens that had
soybean meal in their diet. Authors conclude
that the inclusion of lupine in broiler feeding
increases the nutritional value of the meat.

Most of studies show that the use of lupine in
broiler chicken feeding over the tolerance limit
of the organism mainly affects the
bioproductive performance and physiological
status. In this respect, Brenes et al. (2002)
highlight that the inclusion of lupine (L. albus)
in 35% and 45% in broiler diet at the whole
growing period, determines the depreciation of
growth performances compared to the group in
which soybean meal was added. Kaczmarek et
al. (2016a) observed that the inclusion of
yellow lupine meal over 150 g/kg in diets of 1-
35 days old chickens negatively affects growth
performances (body weight gain, feed
consumption) compared to the control group
(whith soybean meal) and causes a linear
decrease of AMEN and ileal digestibility of
protein, fat and starch from the diet. The use of
whole blue lupine seeds in quantities up to 250
g/kg combined fodder, leads to an increase in
the ileal viscosity directly proportional with the
dose of lupine inclusion, for 1-35 days old
broiler chickens (Hejdysz et al., 2018c). Also,
Smulikowska et al (2014) observed that the
inclusion of 25% L. angustifolius seeds in
combined fodder for 36 days old broiler
chickens, determines a significant increase of
the ileal viscosity.

In order to diminish the effects caused by the
antinutritive factors, it has been shown that
some methods such as dehulling the seeds
and/or supplementation of feed with specific
enzymes increase the organism tolerance and
the bioproductive efficiency of lupine (Annison
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et al,, 1996; Orda et al., 2006). The use of
dehulled lupine seeds in broiler feeds has been
shown to reduce the negative effects of
antinutritive substances (Guillamon et al.,
2008; Nalle et al., 2010). Brenes et al. (2003)
found an improvement with 68 percent for
oligosaccharides ileal digestibility in the case
of L. albus dehulled seed usage in the diet of
broiler chickens with the age of 14-18 days,
compared to the use of whole seeds. Both
dehulling and enzyme addition in the combined
feed significantly improved (p<0.05) the
weight gain of chickens, feed conversion and
protein digestibility. Mieczkowska et al. (2005)
observed that after dehulling lupine seeds, the
ileal viscosity of chickens decreased with 37%.
Diaz et al. (2006) found that the administration
of 300 g/kg of dehulled lupine in broiler
chicken diets significantly reduced (p<0.01)
feed consumption throughout the growing
period compared to the similar amount in
whole form, and to the administration of
soybean meal in the control group.

Laudadio and Tufarelli (2011a) established the
reduction in fat deposition (p<0.05) and the
increase of water-holding capacity in breast and
drumstick meat (juiciness indicator) for 14-49
days of broiler growing period, in which the
feed incorpored dehulled L. albus seeds (240
g/kg). Compared to the control group where
soybean meal was administered (195 g/kg), the
dehulling of lupine did not modify the dressing
percentage, or the breast and drumstick
percentages.

According to Mera-Zuifiiga et al. (2018), the
total substitution of soybean meal from broiler
feed with L. angustifolius dehulled seeds,
throughout the whole growing period, can
generate a similar weight gain and even a better
feed conversion (p <0.05) if the specific
enzymes are used in the feed compound.

Use of lupine seeds in laying hens feeding
Numerous studies reveal the bioproductive
effects resulted by the different inclusions of
lupine seeds in the feed compound of laying
hens, highlighting the possibility of improving
the degree of seed utilization by applying a
subsequent initial physic and/or enzymatic
treatment to inactivate or eliminate the major
antinutritional factors.

Studies show that whole lupine can be admitted
in the laying hens diet up to 20% (Lee et al.,



2016) or even 25% (in feed) if combined
fodder is supplemented with methionine
(amino acid deficitary in lupine) (Hammershgj
and Steenfeldt, 2005). The results obtained by
Drazbo et al. (2014) indicate that whole seeds
of L. angustifolius can be introduced up to 20%
in the feed of laying hens in the 18-38 weeks
period without affecting the egg production.
These authors show that, regarding the quality
of eggs, a substitution with 10-20% of soybean
meal with whole blue lupine seeds contributes
to an increase in C18:3 n-3 and C18:2 n-6 acids
and total polyunsaturated fatty acids from the
yolk lipids, improving the PUFA n-6/n-3 ratio.
Regarding the physical properties of the eggs,
the authors report a significant increase in the
shell weight and the breaking strength.
Krawczyk et al. (2015a) observed an
improvement in PUFA from yolk lipids as well
as certain sensory parameters (intensified yolk
color) when yellow lupine flour (whole seeds)
was added up to 30% in feed compound of
laying hens of 32-48 weeks age. Authors
demonstrate that the bioproductive
performances  (feed  consumption, feed
conversion rate, eggs production, egg weight)
and the characteristics of egg components
(thickness and strength of the shell, relative
weight of yolk, the quality of the egg expressed
as Haugh units) are not affected. Park et al
(2016) conclude that supplementing the dites
based on soybean meal with blue lupine (whole
seeds) up to 22% can improve the egg
production of hens (p<0.05) without affecting
daily feed intake .

Zdunczyk et al (2014a) report that 20% blue
lupin meal (whole seeds) used in the laying
hens feed (18-42 weeks growing period)
exercite positive effects on the majority of
microbiota from the caecum, consisiting in the
significant increases of beneficial bacteria from
the genera Bifidobacterium, Lactobacillus or
Enterococcus and a decrease in the number of
potential pathogenens such as E. coli,
Prevotella, Bacteroides and Porphyromonas,
compared to the hens fed with soybean meal. In
addition, there was a significant contribution of
lupine in the increases of cecal microbiota
enzyme activities such as a-
arabinopyranosidase, o- and B-glucosidase, o-
and p-galactosidase.

99

Research conducted by Laudadio and Tufarelli
(2011b) indicates that dehulled and micronised
lupines (L. albus) represent a suitable
ingredient for laying hens production (18-28
weeks) and the complete replacement of
soybean meal (150 g/kg) with lupine (180 g/kg)
in the combined fodder produced similar
bioproductive performances.

Use of lupine seeds in feeding other species of
poultry

Usage of whole L. luteus (Zdunczyk et al.,
2014b) and L. angustifolius (Mikulski et al.,
2014) seeds in the feeding of turkeys (aged 13
to 18 weeks) as a protein substitute for soybean
meal in proportions up to 18%, has been shown
to not affect negatively the bioproductive
performances, carcass properties or sensorial
indices of the meat.

In feeding of turkeys in the first 4 weeks of
growth, lupine meal (from whole seeds) may be
included up to 16% without affecting the
bioproductive performances, and in the
following growth phases it may be included in
the diet up to 24%, thus successfully
substituting soybean meal (Krawczyk et al.,
2015b). The authors point out that the presence
of lupine in compound feed has led to a
significant decrease in the concentration of
saturated fatty acids from lipids. Compared to
the control group (with soybean meal), in
groups where lupin seeds was utilized up to
24%, a significant increase (p<0.001) of
polyunsaturated fatty acids in lipids, including
linoleic acid and linolenic acid was found,
without altering the PUFA n-6/n-3 ratio, but
improving the value of the atherogenic and
thrombogenic indices.

In the feeding of 1 to 40 days-old ducks,
substitution of soybean meal with L. albus
whole seeds in a 50% proportion in the diet has
not been shown to significantly improve the
live weight of the ducks, but has increased the
content of Lactobacilli and Bifidobacteria from
the caecum (p <0.05) (Geigerova et al., 2017).
In the Japanese quail diets for 1 to 42 days-old,
the usage of 15% white lupine seeds in
combined fodder proved to be more effective in
dehulled form than whole, but compared to the
group that benefited of soybean meal as a
protein source in the diet, the bioproductive
effects of lupine were insignificant (Arslan and
Seker, 2002).



Use of lupine seeds in swine feeding

Data from the scientific literature on the
optimal inclusion and efficiency of using lupine
seeds in the diets of swine are characterized by
controversial results of bioproductive effects.

In the feeding of young pigs (10-20 kg) lupine
is recommended to be used with caution due to
the incomplete development of thier digestive
system (McNiven and Casteli, 1995).
According to Kim et al. (2011), the optimum
inclusion level of whole lupine seeds
(L. angustifolius) in the diet of growing pigs is
5 - 10% to weaners, 20% to growers and up to
35% in the fattening period. The presence of
white lupine in the swine feed is associated
with changes in the fatty acid structure of
intramuscular and storage fat, so the major fatty
acid in white lupine (oleic acid) was found in
significant amounts in the intramuscular and
storage fats, together with the linoleic and
linolenic acid (Petterson et al., 2000).
Froidmont et al. (2005) suggest that -
galactosides are the main antinutritive factor in
lupine seeds for the growth and finishing phase
of the swine, due to the binding of nutrients in
non-digestible complexes. Also, a-galactosides
cannot be efficiently degraded in the small
intestine of pigs due to an a-galactosidase
deficiency (Gdala et al., 1997).

Kasprowicz et al. (2016) mention that whole
seeds of L. angustifolius may partly replace
soybean meal in feeds for starter, growth and
fattening (20 - 105 kg body weight) phases,
without affecting the bioproductive parameters,
noting that in the starter phase better results are
obtained by substituting soybean meal with
20% lupine. Also, Zraly et al. (2007) mention
that soybean meal can be completely replaced
with lupine (whole) in diets for fattening pigs
with the condition of equilibration the ratio in
essential amino acids such as methionine,
according to the requirements of the category.
Dehulled white lupine seeds may substitute
partially or totally (100%) soybean meal in the
starter, growth and finishing phases without
significantly  affecting the bioproductive
performances or nutritional parameters of the
meat (Zraly et al., 2008).
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Pisafikova et al. (2008) mention that by a
complete replacement of protein from soybean
meal in the basal diet of growing pigs with
protein from dehulled white lupin, similar
bioproductive performances can be obtained.
Also, compared to the control group, the
digestibilities of organic matter (p<0.01), crude
protein (p<0.05), crude fat and crude cellulose
(p<0.01), N-free extract (p<0.01) NDF, ADF
and cellulose (p<0.01) are increasing. In
addition, the authors report that the digestibility
of threonine (p<0.01) and lysine was higher,
whereas for methionine it was lower.

According to Prandini et al. (2010), L. albus
dehulled seeds can be included in weaned
piglet (28 - 70 days) diets in a dose of 170 g/kg

without significantly affecting the growth
performances (body weight gain, feed
consumtion and feed conversion index)

compared with piglets fed with soybean meal.
Kim et al. (2012) report the possibility of using
L. angustifolius dehulled seeds as a substitute
for whey and skim milk powder in weaner pigs,
because similar growth performances are
achieved up to a replacement of 75% (180
g/kg) lupine in the diet.

CONCLUSIONS

In conclusion, the lupine species from low-
alkaloid wvarieties represent a promising
alternative source of protein to soybean meal
protein in monogastric animal nutrition. Studies
highlight that the process of seed dehulling
significantly improves the nutritional value of
lupine. Researches on the bioproductive
efficiency of whole lupine seeds in poultry and
swine feeding highlight the possibility of
inclusion of lupine seeds in limited proportions
in the combined fodder, as soybean meal
replacement. Seed dehulling is a method that
greatly improves the bioproductive efficiency
of lupine utilisation in monogastric animals,
increasing the organism tolerance. Thus,
depending on the species, age category and
direction of exploitation, the dehulled lupine
seeds can substitute in larger proportions the
soybean meal from the feed, with the condition
of balancing the ration in deficient amino acids.
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Abstract

Honey, the sweet natural substance produced by honeybees is currently considered one of the nature’s most powerful
products. Natural honey can be regarded as a nutraceutical product due to its nutritional benefits and therapeutic
promises. In addition to this, the use of honey as food and medicine has been embraced by different civilizations, from
ancient times to the present, transcending the barriers of cultural and religious beliefs. The aim of the present review
was to highlight and summarize some of the numerous medicinal attributes of honey, apart from its nutritional profile,
that can contribute to its framing as nutraceutical agent. In this regard, it was proved that honey can promote
metabolic and cardiovascular benefits, oral and bone health, haematological beneficial effects, anticancer activity.
Moreover, evidence has been found for the use of honey as an alternative cure in several skin disorders.

Key words: honey, medicinal properties, nutraceutical product.

INTRODUCTION

In recent years, nutraceuticals have represented
a growing field of interest for scientific
research, due to both nutritive and therapeutic
potentials. The term “nutraceutical” was
originally coined by Stephen De Felice in 1989
and it derived from “nutrition” (a nourishing
food or food component) and “pharmaceutics”
(a medical drug) (De Felice, 1995; Brower,
1998; Mannion, 1998; Maddi et al., 2007).
According to De Felice, a nutraceutical was
described as, “a food that provides medical or
health benefits, including the prevention and/ or
treatment of a disease”. The original definition
has been reformulated throughout time, a
nutraceutical being designated to possess
physiological benefits, that provide protection
against several disorders (Kalra, 2003; Sarin,
2012; Golla, 2018).

Natural honey can be considered a
nutraceutical agent due to the fact that besides
its nutritional value, it is widely appreciated for
its therapeutic properties (Chua et al., 2014).
Honey represents a significant source of sugars,
with a high nutritive value. It also consists of a
minor class of compounds, such as enzymes,
amino acids, proteins, polyphenols, organic
acids, vitamins and minerals (Alvarez-Suarez et
al., 2010; Da Silva et al., 2016).

106

A plethora of research documented honey’s
beneficial roles for medicinal purposes, namely
metabolic  and  cardiovascular  benefits
(Busserolles et al., 2002; Agrawal et al., 2007,
Ahmad et al., 2008; Bahrami et al., 2009), bone
and oral health (Molan, 2001; English et al.,
2004; Farid, 2009; Zaid et al., 2012; Hajizadeh
et al., 2018), haematological beneficial effects
(Chepulis, 2007; Beloor et al., 2010; Abioja et
al., 2013), anticancer activity (Fernandez-
Cabezudo et al., 2013; Aliyu et al., 2013;
Spilioti et al., 2014). In addition to this, honey
has been widely used in the treatment of
wounds and numerous skin pathologies (e.g.,
eczema, dermatitis, burns, ulcers) due to strong
antimicrobial and anti-inflammatory activities
(Song and Salcido, 2011; Mayer et al., 2014,
Oguz et al., 2018; Lukanc et al., 2018).

The present review aimed to summarize the
numerous attributes of honey as food and as
medicine, highlighting the need for its framing
in the field of nutraceuticals.

HONEY AND NUTRITION

The wide array of compounds present in honey
enhances its nutritional profile and promotes its
use as food.

From a nutritional point of view, honey is
mainly composed of sugars and water (White



and Doner, 1980; Bogdanov et al., 2008;
Bradbear, 2009; Solayman et al., 2016).

The monosaccharides (fructose and glucose)
represent the majority of the sugars detected in
honey (75%), while disaccharides,
trisaccharides and oligosaccharides make up
the remaining 10 to 15% (Bogdanov et al.,
2008; Da Silva et al., 2016).

Fructose is the prevalent sugar in acacia honey
(Persano Oddo and Piro, 2004; Escuredo et al.,
2014), while other monofloral honeys, such as
rape honey (Brassica napus) or dandelion
honey (Taraxacum officinale) recorded higher
concentrations of glucose (Crane, 1990;
Persano-Oddo and Piro, 2004).

These findings indicate that honey can be
considered a genuine source of energy due to
its high content of sugars. Furthermore, even
though both fructose and glucose are
monosaccharides, they possess  distinct
metabolism mechanisms. In this regard, Ajibola
et al. (2012) showed that glucose is quickly
absorbed into the blood system in order to
provide energy, while the absorption of
fructose takes place slower; but even so,
fructose ensures energy for the individual, for a
longer period of time than glucose does.
According to Santos-Buelga and Gonzélez-
Paramas  (2017), the most abundant
disaccharides detected in nectar honeys were
maltose, isomaltose, kojibiose and turanose.
Additionally, the reseach conducted by De la
Fuente et al. (2011) revealed that sucrose

derivates  represent  the  majority  of
trisaccharides found in honey. Different studies
emphasized increased amounts of the

trisaccharides melezitose, erlose and raffinose
in honeydew honey (Bogdanov et al., 2008;
Rybak et al., 2013).

In addition, the oligosaccharides present in
honey can display prebiotic effects, by
stimulating both the in vivo and in vitro growth
of bifidobacteria and lactobacilli populations in
the gastrointestinal tract (Kajiwara et al., 2002;
Sanz et al., 2005). Besides the sugars, honey is
also constituted by other minor components,
such as proteins, enzymes, amino acids,
vitamins, minerals, organic acids, volatile and
phenolic compounds (Viuda-Martos et al.,
2008; Solayman et al, 2016). All these
substances bring more value to the nutritive
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profile of honey and play a crucial role in the
daily diet.

The honey’s proteins originate predominantly
from secretions of cephalic glands of honey
bees, but they also derive from the nectar and
pollen of flowers (White and Doner, 1980; Lee
et al., 1998; Santos-Buelga and Gonzélez-
Paramas, 2017). Several factors such as, honey
bee species, honeydew-producing insects,
nectar and pollen source are thought to
influence the mean protein content of honey
(Lee et al., 1998). Furthermore, Escuredo et al.
(2013) demonstrated that European honeydew
and chestnut honeys recorded superior values
concerning the protein content (1 g of
proteins/100 g of honey) compared to
eucalyptus (0.6%), blackberry or polyfloral
honeys (0.7%). The major royal jelly protein 1
(MRJP1) represents the main protein found in
honey and its average amount was 23.4% as
compared with the total protein content
(Bilikova and Simuth, 2010). Moreover, other
evidences revealed that honey samples from
different botanical and geographical origins,
contained up to nine major royal jelly proteins
(Simuth et al., 2004; Won et al., 2009; Bilikova
and Simuth, 2010; Rossano et al., 2012).

The presence of enzymes in honey was
reported a long time ago by White (1978). The
a-glucosidase (invertase or saccharase) is found
in the hypopharyngeal gland of the forager bee
and it represents about 50% of the total protein
of the gland, while amylase and glucose
oxidase, each is estimated to represent 2-3%
(Ohashi et al., 1999).

Other enzymes described in honey were
catalase, acid phosphatase, proteases and
esterases (Belitz et al., 2009). In general,
enzyme activities are associated with the
intensity of the nectar flow, such as the amount
of nectar provided by the flowers or the
concentration and composition of the nectar.
Therefore, honeys obtained fom rich nectar
sources, like acacia, frequently display
decreased natural enzyme activities (Wehling et
al., 20006).

Honey also contains amino acids (all of the
nine essential amino acids and all of the non-
essential amino acids, except asparagine and
glutamine) (Iglesias et al., 2004). Proline is the
predominant amino acid, representing 50-85%
of this category, followed by phenylalanine



(Belitz et al., 2009). Several studies revealed
that the sources which may provide the amino
acids in honey are represented by nectar (Baker
and Baker, 1986; Wunnachit et al., 1992),
pollen (Marshall and Williams, 1987; Sing and
Sing, 1996), or even the bees themselves, when
discussing about proline (Ball, 2007; Truzzi et
al., 2014).

The mineral content is variable, depending on
the honey assortment. Therefore, it recorded
lower values in light honeys (0.04%) than in
the dark ones (0.2%) (Da Silva et al., 2016).
Among the minerals described in honey,
potassium is the most abundant one (Terrab et
al., 2004; Da Silva et al., 2016; Kadri et al.,
2017), followed by calcium, sodium or
magnesium, depending on the honey type
(Gonzalez-Paramas et al., 2000; Atanassova et
al., 2012; Mondragén-Cortez et al., 2013).
Other macroelements and microelements
identified in honey were iron, phosphorus,
manganese, iodine, zinc, lithium, cobalt (Da
Silva et al., 2016).

Honey contains low quantities of vitamins,
most of them originating from the pollen grains
(Ciulu et al., 2011). The predominant vitamin
detected in honey is ascorbic acid, with mean
amounts around 2 mg/100 g (Alvarez-Suarez et
al., 2010a). Other vitamins discovered in honey
include thiamine (B1), riboflavin (B2),
nicotinic acid (B3), pantothenic acid (B5),
pyridoxine (B6), biotin (B8 or H) and folic acid
(B9) (Leon-Ruiz et al., 2013; Da Silva et al.,
2016).

Organic acids are another category of minor
compounds that were reported in honey. They
are mainly represented by gluconic, aspartic,
butyric, citric, acetic, formic, fumaric,
galacturonic, glutamic, glutaric, butyric,
glyoxylic, 2-hydroxybutyric, o-
hydroxyglutaric, isocitric, a-ketoglutaric, lactic,
malic, malonic, methylmalonic, 2-
oxopentanoic, propionic, pyruvic, quinic,
succinic, tartaric, oxalic, levulinic, formic acids
(Mato et al.,, 2007; Da Silva et al., 2016).
Among them, the gluconic acid is the
prevailing one in most honeys, excepting fir
honey, where galacturonic acid has been
mentioned as the predominant organic acid
(Daniele et al., 2012).

The 600 volatile compounds found in honey
provide its aroma and flavour qualities. They
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include hydrocarbons, aldehydes, ketones, fatty
acids and other carboxylic acids, superior
alcohols, esters, benzene and its derivatives,
norisoprenoids,  sesquiterpenes  and  its
derivatives, sulphur and cyclic compounds
(Manyi-Loh et al., 2011a; 2011Db).

The phenolic compounds detected in honey can
be classified into phenolic acids (e.g., vanillic,
caffeic, syringic, p-coumaric, ferulic, ellagic, 3-
hydroxybenzoic, chlorogenic, 4-
hydroxybenzoic, rosmarinic, gallic and benzoic

acids) and flavonoids (e.g., quercetin,
kaempferol, myricetin, pinobanksin,
pinocembrin, chrysin, galangin, hesperetin,

apigenin, C and O-glycosyl derivatives and
others) (Tomas-Barberan et al., 2001,
Dimitrova et al., 2007; Trautvetter et al., 2009;
Truchado et al., 2011; Da Silva et al., 2016).
Moreover, evidences confirm that these
polyphenols exert strong antioxidant activity by
neutralizing free radicals (Rice-Evans, 1996;
Gheldof and Engeseth, 2002; Khalil et al.,
2012).

Overall, the above mentioned components
identified in honey are responsible for its
unique chemical composition, allowing honey
to become one of the most important bee
products, with high nutritive value and suitable
for long-term storage.

HONEY AND MEDICINE

Haematology. In poultry, the red blood cell
indices, such as haematocrit, erythrocyte and
haemoglobin indices often record decreased
values as a result of stress factors (Yahav and
Hurwitz, 1996; Yahav, 1999).

In this regard, the basic immunosuppressive
factors affecting broiler chickens on a daily
basis, are considered to be the following ones:
extreme environmental temperature, humidity,
vaccination, feed and/or water deprivation,
mycotoxins in feed, dust, ammonia, radiation,
bacterial or viral exposure, overcrowding,
failure to comply with the provisions related to
transportation (Beloor et al., 2010; Abioja et
al.,, 2013; Chikumba and Chimonyo, 2014;
Olukomaiya et al., 2015).

In addition, Abioja et al. (2019) revealed that
supplementing the drinking water with honey,
in stressed broiler chickens, resulted in the
improvement of the haematocrit (Ht), red blood



cell (RBC) count and haemoglobin (Hb)
concentration. In a previous research, Obun et
al.  (2008) attested the efficiency of
implementing a honey-based diet in broiler
chickens and the amelioration of the
haematological parameters, such as Ht, RBC
and Hb concentration.

Furthermore, Adekunle et al. (2017) reported
that the heterophyl/lymphocyte rate was not
modified by a honey-based diet in chickens.
Other research highlighted the benefits of a
honey-based diet on blood indices of adult rats.
Thus, they observed an improved haemoglobin
concentration, increased erythrocyte count and
elevated haematocrit in the investigated
animals (Ajibola et al., 2007).

An improved hematological profile in rats was
also confirmed by Chepulis (2007), following a
honeydew honey-based diet.

Metabolic and cardiovascular effects. Many
studies have shown that honey can prevent
metabolic and cardiovascular pathologies. For
instance, it was demonstrated that honey
decreases  total  cholesterol, low-density
lipoprotein cholesterol (LDL-C), triglycerides
(TG) and enhances high-density lipoprotein
cholesterol (HDL-C), in Dboth healthy
individuals and patients with high risk
(Yaghoobi et al., 2008). Additionally, Al-Waili

(2004a) emphasized that honey lowers
triglycerides in patients with
hypertriglyceridaemia and decreases low-

density lipoprotein cholesterol (LDL-C) in
patients with hyperlipidaemia.

Moreover, among the metabolic conditions that
are thought to be involved in cardiovascular
diseases is diabetes. Different studies highlight
positive effects of honey in both healthy and
diabetic patients (Agrawal et al., 2007; Ahmad
et al., 2008; Bahrami et al. 2009). The study
conducted by Erejuwa et al. (2011; 2012a)
evaluated the effect of honey in diabetic rats.
Their findings outlined a decrease of
hyperglycaemia and dyslipidaemia in the
investigated animals, probably due to the
oligosaccharides detected in honey. In addition,
Nemoseck et al. (2011) fed healthy rats with a
diet containing 20% honey and observed
significant decrease of triglycerides, body
weight, food/energy intake, and epididymal fat
weight, but not significantly glucose decrease,
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total cholesterol decrease, adiponectin, and C-
reactive proteins.

In another research, Aluko et al. (2014)
revealed the ability of honey to lower blood
pressure in healthy male subjects. Hypertension
represents one of the most important risk
factors for premature cardiovascular diseases.
Notably, Erejuwa et al. (2012b) underlined the
antihypertensive ~ effect of honey in
experimental rats.

Some studies have shown that the metabolic
and cardiovascular effects of honey could be
associated with its valuable compounds,
particularly flavonoids (Shen et al., 2012,
Panchal et al., 2012).

Oral care. Scientific evidences suggest that
honey is able to support oral health, due to its
strong antibacterial properties. In this regard,
there are studies which confirm the inhibitory
effect of honey on the growth of some
pathogens responsible for the development of
dental caries (Steinberg et al., 1996; Molan,
2001a).

Furthermore, English et al. (2004) indicated
that Manuka honey, a honey that gained a lot of
attention due to its high antibacterial activity,
could prevent the evolution of some
inflammatory conditions, such as gingivitis and
periodontal disease. Additionally, Manuka
honey proved to combat the malodor of oral
squamous cell carcinomas (Drain and Fleming,
2015).

Several studies emphasized the major role of
honey in lowering the incidence of
radio/chemotherapy-induced oral mucositis
(Biswal et al., 2003; Samdariya et al., 2015;
Rao et al., 2017).

A recent research also demonstrated the ability
of honey to prevent radiation-induced
xerostomia (Charalambous et al., 2017).

Bone health. Nowadays, osteoporosis is
regarded as one of the most important threats
for the population, being characterized by a
decreased bone mass and a bone architectural
degradation thus, compromising the bone
vitality (Christiansen, 1991). Lately, honey has
become an alternative cure in bone disorders.
In this regard, Zaid et al. (2010) confirm that
Tualang honey was able to produce an increase
in bone density and to restore osteoporotic bone
in female ovariectomized rats; this effect was
probably due to honey’s high content of



phenolic and flavonoid compounds (Jaganathan
and Mandal, 2009) and due to its strong anti-
inflammatory activity (Owoyele et al., 2011).
Another research conducted by Zaid et al.
(2012) revealed that Tualang honey displayed
better effects on the trabecular bone structure in
the ovariectomized rats than calcium
supplementation. Moreover, Farid (2009)
discovered that the anti-osteoporotic effect of
Tualang honey could be associated with the
presence of calcium and gluconic acid in its
composition, the latter one increasing the
calcium absorption in bone and thereby,
providing the bone mass strength (Ariefdjohan
et al., 2008).

In a recent study, Hajizadeh et al. (2018)
highlighted the efficacy of topical application
of honey in mandibular bone defect healing in
rats. Moreover, Sahin et al. (2018) discovered
that grayanotoxin-containing honey, derived
from Rhododendron spp. and Kalmia spp.
enhanced the healing mechanisms of an
artificial transverse fracture.

Anticancer activity. The potential anticancer
activity of honey was evaluated in both in vitro
and in vivo studies.

Hence, honey samples of different floral origins
were tested against distinct human cancer cell
lines (e.g., prostate, breast, endometrial, lung,
skin, cervical, liver, bladder, kidney, oral
squamous cell carcinoma, osteosarcoma)
(Ghashm et al., 2010; Samarghandian et al.,
2011; Morales and Haza, 2013; Aliyu et al.,
2013; Spilioti et al., 2014).

Some in vivo investigations were performed on
induced-cancer rats/mice (Mabrouk et al.,
2002) or transplanted-cancer rats/mice (OrSoli¢
et al., 2005). Moreover, Erejuwa et al. (2014)
stated that honey supresses the evolution of
cancer by stopping the most important stages of
carcinogenesis, such as initiation, proliferation
and progression.

According to Tomasin and Cintra Gomes-
Marcondes (2011), honey is able to decrease
cell proliferation in Walker 256 carcinoma.
Likewise, the flavonoid and phenolic content of
honey inhibits the cell cycle of colon
(Jaganathan and Mandal, 2009), glioma (Lee et
al., 2003) and melanoma (Pichichero et al.,
2010) cancer cell lines in GO/G1 phase.

The overexpression of Bcl-xL in breast cancer
patients is generally correlated with metastasis

110

(Espana et al.,, 2004). Ahmed and Othman
(2017) reported that Bcl-xL expression was
stopped by Tualang honey at its intrinsic
mitochondrial pathway.

Dermatological properties. The beneficial
effects of honey on skin care have been
documented since earliest  civilizations.
Therefore, honey has been widely used in
several skin pathologies due to its
antimicrobial, antioxidant, immuno-stimulatory
and anti-inflammatory properties (Kwakman et
al., 2008; Vandamme et al., 2013; McLoone et
al., 2016; Pereira and Bartolo, 2016).

The main components of honey involved in the
wound healing process are represented by
hydrogen peroxide, glucose oxidase, gluconic
acid, methylgloxal, polyphenols, as well as
hygroscopicity, hypertonicity and lower pH
(Al-Waili et al., 2011; Hadagali and Chua,
2014; Majtan, 2014; Devasvaran and Yong,
2016). In addition, available literature indicates
the ability of honey in stimulating
angiogenesis, granulation and epithelialization
(Molan, 2001b), lymphocytes and phagocytes
(Al-Waili et al., 2011), and in initiating the
expression of tissue repair markers (Barui et al.,
2011). It was reported a very low toxic effect of

honey on keratinocytes and fibroblasts
(Ranzato et al., 2012).
Mayer et al. (2014) showed that topical

application of honey improved chronic venous
leg ulcers within six weeks, in 25 patients. The
healing effects of honey on experimental and
traumatic wounds were also revealed by latest
studies (Oguz et al, 2018; Lukanc et al., 2018).
Natural honey also manifested antifungal
activity against Malassezia yeasts, proving its
efficacy in seborrheic dermatitis treatment (Al-
Waili, 2001; Gupta et al., 2004). Furthermore, a
mixture consisting of honey, beeswax and olive
oil revealed its beneficial effects in pityriasis
versicolor, tinea cruris, tinea corporis, and tinea
faciei and diaper dermatitis (Al-Waili, 2004b).
In general, honey can be applied alone in the
treatment of wounds (Osuagwu et al., 2004;
Khoo et al., 2010) or in combination with other
products, such as aloe vera and milk or ascorbic
acid (Farzadinia et al., 2016; Schencke et al.,
2016).



CONCLUSIONS

Nowadays, the permanent change of modern
society has led to the imminent need for natural
products and  health-promoting  foods.
Therefore, nutraceuticals have received
extensive attention from the population due to
both high nutritional value and ability to
counteract the negative effects of many
pathologies that threaten the quality of life.

Moreover, numerous evidences attested the
enhanced nutritive profile and multiple
therapeutic properties of honey. As a
consequence, honey could easily be classified
as a nutraceutical product due to its valuable
characteristics and its worlwide recognition.
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Abstract

The features of protein nutrition and protein requirements of honey bees must be taken into account, given that bees are
social insects, and should be examined at three levels: bee colony nutrition; adult bee nutrition; larva nutrition, since
disturbances in protein nutrition at the previous stages of development affect the subsequent stages and vice versa. The
content of free amino acids in the main protein sources - pollen, bee bread royal jelly, as well as the content of amino
acids in some bee protein additives and in whey was examined. The quality of the natural bee protein food, must be
evaluated, depends on the essential amino acid content, especially leucine, isoleucine and valine. When replacing the
natural protein food of bee colonies, with other protein additives and substitutes, it is necessary to consider the protein
and essential amino content, and also the lysine/arginine ratio, as an index of the quality of the protein and the protein

additive respectively.

Key words: amino acids, honey bee, proteins.

INTRODUCTION

It is known that for normal growth and
development, honey bees need basic nutrients:
proteins, carbohydrates and lipids, as well as
vitamins and minerals. It has also been proven
that adequate nutrition is the basis for the
growth and development of bee colonies.
Nutritional deficiencies and starvation are
likely causes of bee colony loss worldwide
(VanEngelsdorp et al., 2009).

Proteins play the most important role in the
health and vital functions of honey bees and
honey bee colonies, respectively (Crailsheim,
1990):

* From a biological point of view, proteins are
the main substances of a living cell, since the
formation and growth of new organisms
depends on them.

* From a physiological point of view, proteins
take part in most of the vital processes of the
body, as they form the basis of enzymes,
hormones and many other biologically active
substances.

The protein requirement of bees must be taking
into account based on the fact that bees are
social insects, often considered superorganisms
(Seeley, 1989). Thus, protein nutrition should
be regarded at three levels: features of protein
nutrition of the bee colony as a whole; features
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of protein nutrition of an adult bee; features of
protein nutrition of the larva, since, disturbance
in protein nutrition at previous stages of
development affect subsequent stages and vice
versa (Brodschneider and Crailsheim, 2010).
Proteins are necessary for young bees to form
wing muscles (Hersch et al, 1978). A
suboptimal protein diet slows down the time
needed to reach the maximum thoracic mass of
a working bee (Hagedorn and Moller, 1968).
Proteins are also necessary for the development
of hypopharyngeal glands (Alqarni, 2006) and
ovaries (Hoover et al., 2006). It has been
shown that glucose oxidase activity (an
indicator of social immunity) and fat body
mass (an indirect indicator of the
immunocompetence of the individual bees)
depend on protein nutrition (Alaux et al.,
2010). Protein-rich food is absolutely essential
in early spring for the growth and development
of brood, to ensure the duration and quality of
life of working bees (Algarni, 2006;
Brodschneider and Crailsheim, 2010). In
addition, protein-rich feed during this period
are beneficial for bee health and their ability to
resist infections and parasites (Alaux et al.,
2010).

First of all, proteins are necessary as a source
of amino acids that are reused in the
biosynthetic processes of the bee's body.



The main source of amino acids and proteins
for bees are pollen and bee bread. Royal jelly is
a source of proteins for larvae and queen.

The nutritional value of pollen primarily
depends on the protein content. It has been
proven that the content of proteins and amino
acids in pollen depends on the type of plant and
can vary from 3 to 61%, but an average make
up about 25% (Roulston et al, 2000).
Relatively protein-rich pollen is observed in
plants most often pollinated by bees or other
insects (dandelions, fruit trees, clover, alfalfa
and other plants). Low protein pollen is the
majority of herbs, sedges, conifers, ragweed,
and other plants that are pollinated by the wind.
Thus, pollen collected from different flower
sources has different nutritional values for
honey bees. It has also been proven that pollen
quality directly affects the bee health
(immunity, metabolism, brood, lifespan and
fertility). The life span of working bees
increases significantly when the pollen with a
high percentage of protein (25-30%) is
consumed - compared with lower quality pollen
(less than 20% protein) (Schimdt L.S et al.,
1995). Brood growth also depends on the
quality of pollen (amount of protein): increases
- when only pollen with an optimal content of
protein and essential amino acids is available;
decreases - when only low protein pollen is
available. Pollen with a high nutritional value
contributes to the resistance of bee colonies to:
parasites, pathogens, stress factors.

The amount of pollen consumed by the bee
colony largely depends on the percentage of
protein. In his studies, Anderson et al. (2014)
found that in order to receive 10 g of
bioavailable protein, the bee colony must
process 48 g of pollen with 30% protein or 72 g
of pollen with 20% protein. That is 2 kg of
pollen with 30% protein is equal to 3 kg of
pollen with 20% protein. During the year, the
bee colony consumes from 25 to 55 kg of
pollen.

In addition, many other factors influence the
amount of consumed pollen (Anderson et al.,
2014). Eating only one type of pollen, which
has a small amount of protein, does not cover
the bee's body needs for essential amino acids.
Schimdt et al. (1995) showed that only a
mixture of various types of pollen has a
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beneficial effect on the development and
productivity of bee colonies.

Thus, the nutritional value of pollen also
depends on the content of essential amino
acids. According to the results obtained by De
Groot (1953), honey bees need 10 (ten)
essential amino acids to support vital processes
- arginine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine,
tryptophan and valine. The absence or low
content of one of 10 essential amino acids in
pollen significantly reduces the development of
the bee colony. Most of all, honey bees need
leucine, isoleucine and valine, or the so-called
BCAA (Branced Chain Amino Acids).

For example, bees need 4% isoleucine from
their protein intake. In one type of pollen, only
about 2% of isoleucine is contained, which
leads to the consumption of twice amount of
pollen to meet the requirements of the bee
colony or to the mixing of different types of
pollen containing a large amount of essential
amino acids. In addition, these poly flower
pollen mixtures enhance certain immune
functions and provide antiseptic protection for
honey bees (Alaux et al., 2010).

It was determined that the lysine/arginine ratio,
as well as, the high lysine content, is the factor
that determines the quality of pollen proteins
and bee preferences in some types of pollen
(Szezgsna, 2006). In pollen collected from
various flowers, this ratio ranges from 1.24 to
3. For acacia pollen, the Liz/Arg ratio is 1.38,
and for rape pollen - 1.84. It is considered that
those plants that contain more essential amino
acids in pollen are more beneficial for honey
bees and are more often visited by them.

Amino acids also play an important role in the
formation of food motivation and the selective
collection of pollen from various plants. It has
been established that pollen amino acid
composition affects the sensitivity of special
bee receptors, thereby contributing to the
formation of conditioned reflexes between the
quality of food and its aroma and determining
the selective preference of honey bees to
certain plant species. Some researchers believe
that glutamic acid is the main amino acid for
the formation of the olfactory memory of bees
(Hendriksma and Shafir, 2014).

Thus, the one aim of this work was the
comparative study of free amino acid content in



the main sources of protein for the bee colony:
pollen, bee bread and royal jelly.

The other objective of this study was the
comparative analysis of amino acid content in
dried yeasts and whey in order to argue the
utilization of whey (whey proteins) as
alternative supplemental protein feeding.

MATERIALS AND METHODS

The amino acid content was determined in
three types of pollen - acacia, poly flower and
sunflower, in bee bread, royal jelly and in whey
and dried yeast - as alternative protein feed for
bee colonies. Pollen samples were collected
from the central zone of the Republic of
Moldova.

Amino acid analysis was performed on an
AAA 339 M amino acid analyzer by ion
exchange chromatography (Moore et al., 1958)
at the Institute of Physiology and
Sanocreatology, Republic of Moldova.

The analysis is performed in the standard
procedure for the determination of free amino
acids using lithium buffer solutions, pH 2.90,
2.95, 3.20, 3.80 and 5.00, with a flow rate of
12.0 ml/hr. On the basis of the qualitative
calculation of amino acid content in the liquid
studied it is stated that the amount of an amino
acid in the sample is proportional to the surface
of the pick of the chromatogram. The
calculation consists in the fact, that sample and
standard mixture of amino acids with the same
content is analyzed. The amount of amino acids
dosed on the ionic column in the test sample is
given by the formula below:

Ci(dozy=k * 11 *Sicprob)/Sicst) - Mi *107 (mg),
where: Ci(doz) - the ionic concentration of amino
acids in the volume of the dosed node; n - the
amount of the amino acids in the analyzed
mixture; Siprob,) - the tip(pick) surface of the
amino acids in analyzed mixture; Sis.) - the
tip(pick) surface of the amino acids in standard
mixture; k - correction coefficient considered to
be changing the detector sensitivity; M; - the
ionic molecular weight of the amino acid. The
automatical analyzer AAA-339M  detects
ninhydrin positive components within 1-100
nanomoles concentration. The duration of the
analysis of the physiological fluids is 3.5 hours.
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RESULTS AND DISCUSSIONS

The amino acid analysis in the pollen samples
taken in the study according to the ion
exchange liquid chromatography method
revealed 17 amino acids. Tryptophan in pollen
samples was identified in extremely small
amounts, which did not allow its comparative
analysis with other amino acids in the samples.
Aspartic acid includes both aspartic acid and
asparagine and glutamic acid includes both
glutamic acid and glutamine (in the process of
detection asparagine is combined with aspartate
and glutamine with glutamate and so they have
the identical picks that reflect the quantity of
extraction).

In the investigation of the content of free amino
acids in acacia pollen, poly flower pollen and
sunflower pollen, a higher amount was
determined in acacia pollen, namely 13.2
mg/100 mg. In poly flower pollen this value is
11.95 mg/100 mg, and in sunflower pollen -
8.35 mg/ 100 mg (Figure 1).
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Figure 1. The total content of free amino acids, essential
and non-essential amino acids in pollen, bee bread and
royal jelly (mg/100 mg d.w.)

In bee bread, the total content of free amino
acids, as well as of the essential and non-
essential amino acids, corresponds to that in
pollen. In royal jelly the level of free amino
acids, especially is much higher compared to
pollen and bee bread (Figure 1).

In order to identify the value of a protein or
protein product, a comparison of the proportion
of essential amino acids to the total content of
free amino acids is used (Table 1).



Table 1. The proportion of essential and non-essential
amino acids to the total content of free amino acids in
pollen, bee bread and royal jelly

Proportion, %
Samples Essential amino Non-essential amino

acids acids
Acacia pollen 34.0 65.0
Poly flower pollen 33.0 65.2
Sunflower pollen 33.7 65.0
Bee bread 40.0 55.0
Royal jelly 44.0 54.0

Thus, in all types of pollen studied, the
proportion of essential and non-essential amino
acids is the same: 34.0% and 65.0% in acacia
pollen; 33.0% and 65.2% in poly flower pollen;
33.7% and 65.0% in sunflower pollen,
respectively. In bee bread, the ratio of essential
amino acids is higher (40.0%) than in pollen. In
royal jelly, the highest percentage (proportion)
of essential amino acids (44.0%) and the lowest
percentage of non essential amino acids
(54.0%) were detected.

These data indicate that royal jelly is more
valuable in terms of the content of essential
amino acids of all of the studied protein sources
for the bee colony (Postolati et al., 2012).

The other aim of this work was a study of
amino acid content in alternative protein
sources for bee colonies.

In some periods of the year, pollen (or bee
bread) may be in insufficient quantities, which
can cause a protein deficiency in the bee's diet,
and, in turn, affect their health and resistance to
infections and parasites. Most often, lack of
pollen and/or low-quality pollen is caused by
intensive cultivation of monocultures in
agriculture. Since pollinating services for
honey bees are often provided within a human-
defined ecosystem, the basic nutrient needs of
bees cannot be adequately provided (Naug,
2009).

To compensate for the lack of protein in bee
nutrition, additional protein feeding of bees is
widely wused, depending on the seasonal
specifics of the functional state of the honey
bee and the requirements of the bee colony in
protein: in spring - for feeding and brood
growth; and in the fall - for the accumulation of
a fat body, which ensures better survival of
colonies during the winter (Brodschneider and
Crailsheim, 2010; Eremia, 2009).

There are various methods and technologies for
producing protein supplements based on soy,

peas, corn, oats, barley flour, egg powder and
egg whites, whole or dried milk, fish flour, dry
yeast etc. These protein additives are
introduced in the form of “candy”, which is a
mixture of honey, powdered sugar and protein
flour or in the form of sugar syrup with the
addition of proteins or amino acids (Malaiu,
1976; Standifer et al., 1977; Brodschneider and
Crailsheim, 2010; Fleming et al., 2015).

When replacing pollen with other protein-rich
feeds, it is recommended to take into account
the nutritional value of these substitutes, based
on the spectrum of amino acids, as well as of
their amount, especially of essential ones. Also,
Herbert et al. (1977) showed that the optimal
protein content in feed for bees should be 20-
30%. At the same time, a 50% level should be
avoided.

In 2011, studies of whey as an alternative
source of protein and amino acids for bee
colonies were started at the Institute of
Physiology and Sanocreatology.

The choice of whey as the basis for syrup for
honey bee feeding is due to the extremely
important value of whey as a source of
bioavailable protein with a high biological
index (Barth and Behnke, 1997).

Whey proteins make up 20% of milk proteins
(the remaining 80% is casein) and are
characterized by high nutritional and biological
value, having a nutritional index of 1 (casein
has an index of 0.8), exceeding egg albumin,
which long time has been considered protein
No. 1 in terms of biological values (Krissansen,
2007; Gupta and Prakash, 2017). Thus, whey is
valuable not only in terms of the amount of
protein, but also its quality.

A comparative analysis of the amino acids
from whey and pollen showed that whey
contains the entire spectrum of amino acids
present in pollen, bee bread and royal jelly.
However, their amount in whey is higher than
in samples taking into study (Figures 1, 2).

It was detected a higher level of essential
amino acids especially of BCAA - valine,
leucine, isoleucine, and also lysine, methionine,
threonine, histidine and tryptophan - amino
acids that determine the quality of protein feed
for bees (Figure 2).

These data denote the possibility of using whey
for supplemental protein feeding of bee
colonies.
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Figure 2. The comparative content of essential amino

acids in pollen, bee bread, royal jelly and in whey
(mg/100 mg d.w.).

Also, in whey there is a high content of non-
essential amino acids, some of which have a
significant role in  physiological and
biochemical processes and are called functional
amino acids. Those are: glutamic acid and
glutamine, aspartic acid and aspargine, proline,
cysteine (Figure 3).
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Figure 3. The comparative content of non-essential
amino acids in pollen, bee bread, royal jelly and in whey
(mg/100 mg d.w.).

As mentioned above, in order to compensate
the lack of protein in the diet of bee colony,
protein additive feeding is widely used, most
often based on soy flour or dried yeast. In order
to identify the possibility of using of whey as a
source of amino acids and biologically valuable
proteins for the bee colony, we compared the
content of essential amino acids in whey and
dried yeast.

Thus, in dried yeast, the total content of
essential amino acids is 4.91 g/100 g d.w., and
in whey - 4.85 g/100 g d.w. In comparison with
dried yeast, whey contains a higher content of
BCAA amino acids — valine, leucine and
isoleucine, that is, those amino acids that are
most needed for vital processes (Figure 4).

IIIMI.IL.

Valine Arginine  Phenylalanine  Histidine  Tryptophan
= Milkwhey

Lencine  lsoleucine  Threonine  Methionine ~ Lysine

# Driedyeast

Figure 4. Comparative content of essential amino acids
in whey and dry yeast (g/100 g d.w.)

The lysine/arginine ratio as an indicator of the
quality of the protein for the bee was also
higher in milk whey compared to pollen, bee
bread, royal jelly and also dried yeast (Table 2).

Table 2. The ratio of lysine/arginine in pollen, bee bread,

royal jelly and whey
Samples The lysine/arginine ratio
Acacia pollen 222
Poly flower pollen 1.87
Sunflower pollen 3.0
Bee bread 1.57
Royal jelly 1.37
Dried yeast 1.64
Whey 345
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Thus, this index (lysine/arginine ratio) can be
used to argue the quality of protein feed for
bees, and whey, in this regard, has the best
characteristics.

Based on whey properties, it was obtained a
patent MD 4284 “Method for feeding bee
colonies” (Derjanschi et al., 2014) and a patent
MD 1312 “Process for producing protein-
carbohydrate food for bee colonies” (Vrabie et
al., 2019).

CONCLUSIONS

Protein nutrition of the bee colony needs to be
considered at three levels: features of protein
nutrition of the bee colony as a whole; features
of protein nutrition of an adult bee; features of
protein nutrition of the larva, since,
disturbances in protein nutrition at the previous
stages of development affect the subsequent
stages and vice versa.

Protein nutrition of bee colony is seasonal: in
spring, protein-rich foods are needed primarily
for brood rearing; the end of summer and early
autumn - for the accumulation of a fat body,



which ensures better survival of colonies
during the winter.

The quality of the main source of protein for
bee colonies - pollen, depends on the protein
content and essential amino acids, especially
leucine, isoleucine and valine and the
lysine/arginine ratio.

According to the invention, “A method for bee
colonies feeding” Patent MD 4284 (2014) and
“Process for producing protein-carbohydrate
food for bee colonies”, Patent Md 1312 (2019),
whey can be used as protein additive for bee
colony feeding in early spring to intensify
brood rearing and bee colony development.
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Abstract

The objective of this research was to evaluate the quality of green mass and silage prepared from cardoon - Cynara
cardunculus var. altilis and Jerusalem artichoke - Helianthus tuberosus cv. ‘Solar’ growing in the experimental field of
NBGI, Chisinau, Republic of Moldova. Some assessments of the main biochemical parameters: crude protein (CP), ash,
acid detergent fibre (ADF), neutral detergent fibre (NDF) and acid detergent lignin (ADL), total soluble sugars (TSS),
digestible dry matter (DDM) have been determined by near infrared spectroscopy (NIRS), the sensorial characteristics
of prepared silages — in accordance with the Moldavian standard SM 108, the concentration of hemicellulose (HC),
cellulose (Cel), digestible energy (DE), metabolizable energy (ME), net energy for lactation (NEI) and relative feed
value (RFV) were calculated according to standard procedures. It was determined that dry matter content in the
harvested green mass varied from 19.8% in Cynara cardunculus to 28.9% in Helianthus tuberosus, its biochemical
composition and feed value were: 9.4-12.0% CP, 6.0-7.1% ash, 30.2-40.0% ADF, 54.5-60.3% NDF, 3.1-5.1% ADL,
14.6-27.8% TSS, 27.1-34.9% Cel and 20.3-24.3% HC, 57.7-65.3% DDM, RFV = 89-111, 11.87-12.82 MJ/kg DE, 9.41-
10.53 MJ/kg ME and 5.43-6.55 MJ/kg NEL It was found that the prepared silages had pleasant smell, somehow similar
to pickled vegetables, the colour of the cardoon silage was homogeneous olive, but Jerusalem artichoke silage
contained dark-green leaves with brownish hues and yellow-green stems. The pH of the silage was 3.77-4.17, it
contained 9.7-12.5% CP, 8.4-10.3% ash, 30.6-33.4% ADF, 49.6-53.1% NDF, 2.6-5.0% ADL, 19.2-28.0% Cel, 22.5-
28.4% HC with feed value 62.9-65.1% DDM, RFV=114-118, 12.39-12.78 MJ/kg DE, 10.17-10.49 MJ/kg ME and 6.19-
6.51 MJ/kg NEI. The studied perennial Asteraceae species were characterized by high green mass productivity with
optimal nutrient contents; good silage quality can be used as alternative feed for ruminant animals.

Key words: biochemical composition, Cynara cardunculus, feed value, green mass, Helianthus tuberosus, silage.

INTRODUCTION incised, present on the main and other order
stems. The flower heads are almost

The identification, mobilization and cultivation of

new species, the use of a wider range of forage  round in shape and grow to be 4-5 cm across,
crops, providing a stable and balanced diet for ~ usually blue-violet coloured. The fruit is a
farm animals, play an important role in the tetragon-shaped or flattened achene, dark-
agricultural economy and food security (Marin coloured. This species reproduces by seed,
etal., 2017). asexually from pieces of cut root, and also re-
Cardoon, Cynara cardunculus L., Asteraceae grows each year from a long-lived underground
family, native to the Mediterranean region, isa  crown and taproot. It is well-adapted to the
perennial Cs plant species, usually growing 75- xerothermic conditions of southern Europe, is
150 cm tall, but occasionally reaching up to 2 quite tolerant to salinity and intolerant to
m in height. The root system is very well  prolonged waterlogging and prefers slightly
developed, consists of the main taproot, which  acidic soils to the alkaline pH 6.5-8.2. Cynara
can grow to the depth of 2 m, with variable cardunculus, characterized by large yields,
number of secondary fibrous roots. The leaves  offers a wide spectrum of economic uses: food
form a basal rosette that can be very large — up source, raw material for pharmaceutical
to 120 cm long and 30 cm wide. Alternate industry, for biorefineries and renewable
leaves, green-greyish coloured and more or less energy production; the aerial parts of the plants
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- as green or ensiled forage; fresh flowers are
used as a vegetable rennet for milk clotting;
achenes - to produce oil that can be used by
humans, and cake could be used for animal
feed (Ferndndez et al., 1996; Pesce et al., 2017,
Gominho et al., 2018).

Jerusalem artichoke, otherwise known as topi-
nambour, Helianthus tuberosus L., Asteraceae
family, native to North America, was brought
from France in 1605. It is herbaceous perennial
C4 photosynthetic pathway plant, with strong,
vigorous stems, sometimes branched at the
base, grows 2.5-3.0 m tall, its large leaves
reach the length of 20 ¢cm and are arranged on
the opposite sides of the stem, alternately to
one another. In the underground part, there are
unevenly shaped tubers, round or elongated,
with bumps, ranging in size between 2 and 10
cm, their color can vary from brown to white,
red and even purple.

The analysis of literature sources have revealed
that Jerusalem artichoke dry matter yield of
aboveground parts ranges from 4 to 30 t/ha and
tubers - from 4 to 15 t/ha, depending on the
genotype, climatic conditions, soil type and
plantation age. It is an economically important
plant that can be useful in many ways, such as:
functional food and bioactive ingredient source,
sustainable feedstock for biorefineries and the
production of renewable energy etc. (Duke,
1983; Kays and Nottingham 2008; Titei et al.,
2013; Heuzé et al., 2015; Johansson et al. 2016;
Herrmann et al., 2016). Jerusalem artichoke has
been used as a suitable livestock feed since the
mid-1600s, has the potential to replace or be a
substitute for other annual and perennial
forages for ruminants. The substitution of
alfalfa by up to 30% of Jerusalem artichoke
foliage, in full bloom stage, did not affect the in
vitro digestibility of the diet (Cosgrove et al.,
2000; Fazaeli et al., 2009; Heuzé et al., 2015).
The melliferous potential of Cynara scolymus is
100-150 kg honey/ha, Helianthus annus and
Helianthus tuberosus is 30-60 kg honey/ha (Ion
etal., 2018).

The aim of the current study was to evaluate
some agrobiological peculiarities and the
quality of green mass and silage prepared from
Cynara cardunculus var. altilis and Helianthus
tuberosus grown under the conditions of the
Republic of Moldova.

123

MATERIALS AND METHODS

The Asteraceae species: the cultivar ‘Solar’ of
Jerusalem artichoke, Helianthus tuberosus,
created in the National Botanical Garden
(Institute), registered in 2014, in the Catalogue
of Plant Varieties** and patented in 2016, by
the State Agency on Intellectual Property
(AGEPI) of the Republic of Moldova, patent
nr. 205/31.05.2016*, and cardoon, Cynara
cardunculus var. altilis, which were cultivated
in the experimental plot of the National Botanical
Garden (Institute), Chisinau, served as subjects
of the research, and the traditional crop
sunflower, Helianthus annuus, was used as
control.

The green mass of Cynara cardunculus was
mowed in early flowering stage (early July),
Helianthus tuberosus - in budding stage (middle
August), but the control - Helianthus annuus - in
the full flowering stage (end of July).

Green mass productivity was determined by
weighing the yield obtained from a harvested
area of 10 m%, which was afterwards transformed
per hectare.

The leaves/stems ratio was determined by
separating the leaves, buds and flowers from the
stem, weighing them separately and establishing
the ratios for these quantities (leaves/stems). For
ensiling, the green mass was shredded and
compressed in well-sealed containers.

After 45 days, the containers were opened, and
the sensorial and chemical characteristics of
prepared silages were determined in accordance
with standard laboratory procedures and
Moldavian standard SM 108*** for forage
quality analysis. Some assessments of the main
biochemical parameters: crude protein (CP), ash,
acid detergent fibre (ADF), neutral detergent
fibre (NDF) and acid detergent lignin (ADL),
total soluble sugars (TSS), digestible dry matter
(DDM) have been determined by near infrared
spectroscopy (NIRS) technique PERTEN DA
7200.

The concentration of hemicellulose (HC),
cellulose (Cel), digestible energy (DE),
metabolizable energy (ME), net energy for
lactation (NEI) and relative feed value (RFV)
were calculated according to standard procedures



RESULTS AND DISCUSSIONS

We could mention that, the studied Asteraceae
species differed in the growth and development
rate, ratio of stems to leaves, content of nutrients.
Cardoon, Cynara cardunculus var. altilis, in the
first growing season, developed rosettes with 30-
35 dark green, pinnate leaves, in the underground
part - deep taproot over 100 cm, the yield reached
3.40 kg/m? green mass or 0.50 kg/m? dry matter,
its biochemical composition: 23.6% crude
protein, 9.2% ash, 32.6% NDF, 18.3% ADF,
1.6% ADL, 22.0% TSS with 96% DMD. In the
second year, after the winter, the development of
cardoon plants restarted, an apical bud appeared
on the stem apex, the leaf rosette developed and
spread in April, the stalk began to elongate in
May and flower heads appeared in June.

The Jerusalem artichoke, Helianthus tuberosus,
in the first year of development, went through all
the ontogenetic stages. In the second growing
season, the plants started vegetating at the end of
April, the fastest growth and development were
observed at the end of May and in July.

Plant height, stem thickness and leaves/stems
ratio have significant impact on the yield, but also
affect the quality of the phytomass. Results
regarding some bio-morphological characteristics
of the studied Asteraceae species and the

structure of the harvested phytomass are
presented in Table 1. At the time of harvesting,
plant height varied from 201 cm (Cynara
cardunculus) to 326 cm (Helianthus tuberosus),
stem thickness - from 24-36 mm (Cynara
cardunculus) to 12-22  mm  (Helianthus
tuberosus), but the control, sunflower
(Helianthus annuus) - 201 ¢cm and 20-24 mm,
respectively. The productivity of Cynara
cardunculus, in the second year, was 7.12 kg/m?
green mass or 1.41 kg/m? dry matter, with 45%
leaves, 42% stalks and 13% heads; Helianthus
tuberosus - 10.5 kg/m? green mass or 3.03 kg/m’
dry matter, with 34% leaves and 66% stalks, but
the control reached 5.03 kg/m* green mass or
0.94 kg/m? dry matter, with 43% stalks, 26%
leaves and 31% heads.

According to Pesce et al. (2017) the green mass
productivity of cv. ‘Altilis 41’ of Cynara
cardunculus reached 19.1 t/ha dry mater, with
37.7% leaves, 27.7% stalks and 34.6%
inflorescence material. Liu et al, 2011
mentioned that Chinese clones of Jerusalem
artichoke cultivated in a semiarid region in the
northwest China had a biological yield ranging
from 25 to 35 t ha dry matter. Seiler (1993)
mentioned that the aboveground biomass of
Jerusalem artichoke contained 68% stems, 23%
leaves and 9% heads.

Table 1. Some agrobiological peculiarities and the structure of the green mass of the investigated Asteraceae species

: 7
Stem, g Leaf, g Head, g Yield, kg/m
Plant Plant
. height, green dry green dry green dry green dry
species
cm mass matter mass matter mass matter mass matter

Cynara cardunculus 201 410 81 522 25 142 87 7.12 1.41
Helianthus tuberosus 326 243 73 141 38 - - 10.5 3.03
Helianthus annuus 178 343 60 169 43 254 38 5.03 0.94

Table 2. Biochemical composition and nutritive value of the harvested green mass of the investigated Asteraceae species

Indices Cynara cardunculus Helianthus tuberosus Helianthus annuus

Crude protein, g/kg DM 120 94 102
Minerals, g’kg DM 60 71 83
Acid detergent fibre, g/kg DM , 302 400 267
Neutral detergent fibre, g/lkg DM 545 603 401
Acid detergent lignin, g’/kg DM 31 51 41
Total soluble sugars, g/kg DM 278 146 243
Cellulose, g/lkg DM 271 349 226
Hemicellulose, g/lkg DM 243 203 226
Digestible dry matter, % 65.3 57.7 68.1
Dry matter intake, % BW 220 1.99 2.99
Relative feed value 111 89 158
Digestible energy, MJ/ kg 12.82 11.47 13.32
Metabolizable energy, MJ/ kg 10.53 9.41 10.94
Net energy for lactation, MJ/ kg 6.55 5.43 6.96

Analyzing the results of the green mass quality of
the Cynara cardunculus and  Helianthus

tuberosus, Table 2, we found that dry matter
content of the harvested green mass contained
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94-120 g/kg CP, 71-60 g/kg ash, 302-400 g/kg
ADF, 545-603 g/kg NDF, 31-51 g/kg ADL, 146-
278 g/lkg TSS, 271-349g/kg Cel and 203-243
g/kg HC, 57.7-65.3% dry matter digestibility.
The natural fodder of the studied species have
RFV = 89-111, 11.47-12.82 MJ/kg DE, 9.41-
10.53 MJ/kg ME and 5.43-6.55 MJ/kg NEI, but
the control - Helianthus annuus - RFV 158, 13.52
MlJ/kg DE, 1094 MJkg ME and 5.43-6.96
MJ/kg NEI, respectively. The natural fodder of
Cynara cardunculus was characterised by higher
concentration of total soluble sugars and optimal
protein, as compared with Helianthus tuberosus
and Helianthus annuus. Helianthus tuberosus had
higher concentration of ADF, NDF, ADL and
lower concentration of hemicellulose, which had
a negative effect on digestibility, relative feed
value and net energy for lactation.

Some authors mentioned various findings about
the green mass quality of the studied Asteraceae
species. Ferndndez et al. (1996), Romero et al.
(1997) reported that the green mass of Cynara
cardunculus, contained 14.3-18.4% CP, 36.3-
38.4% NDF; 25.1-28.9% ADF, and 9.3-13.3%
ADL, therefore suitable to be used as green
forage. Cajarville et al. (1999) mentioned that
green forage had high nutritive value, low
levels of fibre and lignin, and very high
digestibility for organic matter (86%), while
ensiling is the most appropriate way for
preserving it for long periods. According to
Cosgrove et al. (2000), the crude protein (5%)
and digestible protein (3%) concentration are
low in Jerusalem artichoke tops as compared
with alfalfa (14% and 10%), but it was superior
in total digestible nutrients (67%) as compared
with alfalfa (50%) and the perennial grass
smooth brome (46%). Heuzé et al. (2015),
revealed that the aerial part of the Helianthus
tuberosus contained 32.3% dry matter, 15.3%
CP, 15.3% CF, 40.6% NDF, 34.5% ADF, 2.2%
ether extract, 11.5% lignin, 14.4 % ash, 63.0%
organic matter digestibility, 10.1 MJ/kg DE, 8.2
MJkg ME and 5.0-6.0MJ/kg NEI, for
ruminants. Ersahince & Kara (2017) have found
that the chemical composition of Jerusalem
artichoke herbage harvested in early flowering
stage was 7.37% protein, 1.70% fats, 40.15%
NFC, 39.03% aNDFom, 31.7% ADFom, 6.78%
ADL. Seiler (1993) mentioned that in vitro
digestibility of dry matter of the Jerusalem
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artichoke cultivars varied from 542 to 715 g/kg in
whole plants in the flowering stage.

Silage is the main conserved green succulent
roughage fed to domestic animals. When opening
the glass vessels with silages made from green
mass of Cynara cardunculus and Helianthus
tuberosus, there was no gas or juice leakage from
the preserved mass, but from the vessels with
Helianthus annuus silage, carbon dioxide - a by-
product of fermentation - it was moderately
eliminated. The prepared silages were of
agreeable colour and had specific aroma, the
consistency was retained in comparison with the
initial green mass, without mould and mucus.
During the organoleptic assessment, it was found
that the colour of the Cynara cardunculus silage
was homogeneous olive, with pleasant smell,
similar to pickled vegetables, Helianthus
tuberosus  silage dark-green leaves with
brownish hues and yellow-green stems, with
pleasant smell, somewhat like the smell of
pickled vegetables, but in the Helianthus annuus
silage, the stems were yellow and the leaves -
dark green, its scent was similar to the smell of
fresh coniferous wood.

The fermentation quality of silage from the
studied Asteraceae species is illustrated in
Table 3. The materials consolidated well and
the fermentation was complete with similar
acidic pH wvalues 3.77-4.17. It has been
determined that the amounts of organic acids,
in the silages prepared from Asteraceae
species, differed essentially. Cynara
cardunculus silage was characterised by a very
low content of organic acids (43.1 g/kg), in
comparison with Helianthus species silages
(69.5-76.4 g/kg). Most organic acids in tested
silages were in fixed form. The butyric acid
was detected in fixed form (1.4 g/kg DM) in
the Cynara cardunculus silage. In the silage
from Helianthus tuberosus, the content of
acetic acid reached 27% of organic acids.

The dry matter content in the prepared silages
from Helianthus annuus and Cynara cardunculus
were very low (19.1-19.7%) in comparison with
Helianthus  tuberosus silage (30.5%). The
biochemical composition of dry matter and
nutritive value of the prepared silages are shown
in Table 4. It was determined that the dry matter
of the tested silages contained 97-125 g/kg CP,
84-103 g/kg ash, 306-334 g/kg ADF, 496-
531 g/lkg NDF, 26-50 g/kg ADL, 192-280 g/kg



Cel and 225-284 g/kg HC. The nutritive and
energy value of silages from Helianthus
tuberosus and Cynara cardunculus: REFV = 114-
118, 12.39-12.78 MJ/kg DE, 10.17-10.49 MJ/kg

ME and 6.19-6.51 MJ/kg NEI, but the control -
Helianthus annuus silage - RFV 161, 14.98
MJ/kg DE, 12.30 MJ/kg ME and 7.12 MJ/kg
NE]I, respectively.

Table 3. The fermentation quality of the silage prepared from the investigated Asteraceae species

Indices Cynara cardunculus Helianthus tuberosus Helianthus annuus

pH index 3.77 4.17 3.82
Content of organic acids, g/kg 43.1 69.5 76.4
Free acetic acid, g/kg 4.0 8.9 9.3
Free butyric acid, g/kg 0.0 0.0 0.0
Free lactic acid, g/kg 12.6 10.4 20.3
Fixed acetic acid, g/kg 35 9.7 10.2
Fixed butyric acid, g/kg 1.4 0.0 0.1
Fixed lactic acid, g/kg 21.6 40.5 36.5
Total acetic acid, g/kg 7.5 18.6 19.5
Total butyric acid, g/kg 1.4 0.0 0.1
Total lactic acid, g/kg 342 50.9 56.8
Acetic acid, % of organic acids 18 27 24
Butyric acid, % of organic acids 3 - 1
Lactic acid, % of organic acids 79 73 75

Table 4. Biochemical composition and nutritive value of the silage prepared from the investigated Asteraceae species

Indices Cynara cardunculus Helianthus tuberosus Helianthus annuus
Raw protein, g/kg DM 125 97 102
Minerals, g/lkg DM 84 103 99
Acid detergent fibre, g/kg DM Neutral 306 334 252
Detergent fibre, g/lkg DM 531 496 401
Acid detergent lignin, g/lkg DM 26 50 35
Cellulose, g/kg DM 280 192 217
Hemicellulose , g/’kg DM 225 284 149
Digestible dry matter, % 65.1 62.9 69.29
Dry matter intake, % BW 2.26 242 2.99
Relative feed value 114 118 161
Digestible energy, MJ/ kg 12.78 12.39 14.98
Metabolizable energy, MJ/ kg 10.49 10.17 12.30
Net energy for lactation, MJ/ kg 6.51 6.19 7.12

During the process of ensiling of Helianthus
tuberosus plants, we observed a significant
reduction in the neutral detergent fibre content and
an obvious increase in the hemicellulose content,
and these factors had a positive impact on
digestibility, nutritive and energy value of the
preserved feed and also on the methane yield.
Some authors mentioned various findings about
the quality of Asteraceae silages.

According to Pesce et al. (2017), Cynara
cardunculus produced silage with 32.8% DM,
pH 3.3, 1.3% lactic acid, 1.4% acetic acid,
0.2% butyric acid, 14.6% CP, 11.9% ash, 48%
NDF, 28.1% ADF. The nutritive value and the
fermentation characteristics of artichoke,
Cynara scolymus, by-products were 150.1 g/kg
crude protein, 524.1 g/kg NDF, 411.7 g/kg
ADF, the highest matter digestibility at 96 h
incubation in vitro: 786 g/kg DMD and 804
g/kg OMD (Sallam et al., 2018). The Cynara
cardunculus silage produced from whole

126

cordon plants mowed in full bloom stage was
characterized by 20.6% DM, 8.79% ash, pH
4.13, 72.3 g/kg lactic acid, 21.5 g/kg acetic acid
and 49.5 g/kg ethanol (Ferrero et al., 2018).
Herrmann et al. (2016) studied the nutrient and
fibre composition of crop silages in Germany
and remarked that the Jerusalem artichoke silage
contained 28.2% dry matter and 89.7% organic
matter, pH 3.9, 7.2% lactic acid, 1.6% acetic
acid, 9.8% protein, 1.9% fat, 44.1% NDF, 39.6%
ADF and 11.7% ADL,; in sunflower silage there
was 23.0% dry matter and 87.5% organic
matter, pH 4.2, 7.4% lactic acid, 2.0% acetic
acid, 9.4% protein, 11.1% fat, 39.9% NDF,
37.6% ADF, 9.5% ADL.

CONCLUSIONS
The nutritive and energy value of green mass

from Cynara cardunculus: 120 g/kg CP, RFV =
111, 12.82 MJ/kg DE, 10.53 MJ/kg ME and 6.55




MJ/kg NEI, but the prepared silage - 34.2 g/kg
lactic acid, 125 g/kg CP, RFV = 114, 12.78
MJ/kg DE, 10.49 MJ/kg ME and 6.51 MJ/kg
NEL

The nutritive and energy value of Helianthus
tuberosus aerial part: 94 g/kg CP, RFV = 89,
11.47 MJ/kg DE, 9.41 MJ/kg ME and 5.43 MJ/kg
NEIl but the prepared silage - 50.9 g/kg lactic
acid, 97 g/kg CP, RFV = 118, 12.39 MJ/kg DE,
10.17 MJ/kg ME and 6.19 MJ/kg NEL

The studied species Cynara cardunculus and
Helianthus tuberosus can be used as alternative
feed for ruminant animals.
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Abstract

The trial was conducted to evaluate effects of the addition of extruded linseed and walnut meal (ELW) on meat quality
parameters. For a 30-days period, 40 TOPIGS pigs (body weight 13.58+0.37 kg) were allotted in two dietary
treatments: control, M and experimental E (with 8% mix of ELW). At slaughter (32 + 4.5 kg final body weight), meat
samples from Longissimus dorsi (LD) and Semitendinosus (ST) were collected (n = 3 pigs/group), and analysed for pH,
colour and texture profile. The pH of LD muscle was lower (-2.33%, P<0.001) in E diet. LD muscle from pigs fed E
diet, registered a lower (-4.20%, P<0.001) value of Lightens (L) and a higher value of redness (a*) by 3.07 (P<0.001)
compared to M. The ST muscle have registered lower (P<0.001) values of L (-7.30%) and a* (-22.84%) in E diet
compared to M diet. Addition of extruded linseed and walnut meal in pigs diet have no negative influence on meat

quality parameters.

Key words: linseed, meat quality, pork, walnut.

INTRODUCTION

In past years, consumer interest in the
relationship between diet and health has
increased the demand for a high quality of the
foods. Since 2010, in our country it has been
observed that consumer preference towards
meat quality have started to increase, even if
this means paying a higher price (Food Report
Romania, 2016). According to FAO (2012), pig
meat is the most consumed meat in the world,
due to the nutritional characteristics (proteins
with high biological value and optimal amino
acid composition) and completely usable in
human metabolism (Karlovic et al., 2009).

In Romania, pork accounts for more than half
of the total annual meat consumption per
capita. In the last recorded, the National
Institute of Statistics (2018) reported that in
Romania, the average annual pork consumption
increased to 38.3 kg per capita, compared to
pork consumption in 2017 (36.1 kg/capita). In a
recent study, Pogurschi et al. (2018) noticed
that there are no significant differences in meat
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consumption between urban and rural areas in
Romania.

It is known that animal nutrition can have a
major impact on meat quality. Thus, with the
help of diet, we can beneficially modulate the
quality of the animal product, so that it has a
positive impact on the health of consumers
(Habeanu et al., 2019).

The meat quality is complex and multivariate,
which is influenced by factors as the breed,
genotype, feeding, pre-slaughter handling,
stunning, and slaughter method, chilling and
storage conditions (Rosenvold and Andersen,
2003; Andres et al, 2007). The physical
measurements used to determine meat quality
are pH, colour, and texture (hardness,
springiness, gumminess etc.).

Given the importance of the pork quality, to
meet consumer requirements, the producers are
looking for different ingredients with low costs
and high nutritional value, to introduce them
into the pig’s diet, to obtain high quality meat
without affecting the animal’s health (Habeanu
et al., 2018).



In present, alternative nutritional sources are
constantly being search, since feed price make
up more than 65% from production costs,
which will likely persist due to increasing
global demand for the grains rather than to the
pig sector.

Linseed (Linum usitatissimum) is one of the
oldest cultivated plants, and primarily it was
used for fibre (linen) and oil production.
Starting with the 90s, it was discovered that
linseeds oil is rich in polyunsaturated fatty
acids (35%), notably alpha-linolenic acid and
conjugated linoleic acid. Thus, the linseeds are
used in animal nutrition to alter the fatty acid
profile of meat (Habeanu et al., 2017; Heuzé et
al., 2018; Habeanu et al., 2019).

Linseed meal is also rich in protein (30-39%
protein, but with a low content in lysine), and
can be used in pigs diet as long as the diets are
correctly balanced (Leterme et al., 2015). An
inconvenience 1is the fiber content and
antinutrients such as linamarin. According to
McDonald et al. (2002), if linseed is not
processed correctly, this can be toxic to animals
(especially  monogastric).  According  to
Delgado-Licon et al. (2009), there is a strong
correlation between the extrusion procedure
and the content of bioactive compounds and
antioxidant capacity in the end product. Thus, it
has been shown that the extrusion process can
lead to a reduction in the contents of bioactive
compounds, including antioxidant activity
(Giannico et al., 2009; Czech et al., 2017).
Walnut (Juglans regia) is a rich source of
polyphenols, omega fatty acids, dietary fiber
and it is known that are a potential source of
antioxidants with a beneficial effect on pigs
health (Ghasemi et al., 2011; Gheorghe et al.,
2018, Habeanu et al., 2019). An inconvenience
is that the walnut by-products have high-fat
content and become rancid in a very short time
(Brunschwig, 2003). According to Heuzé et al.
(2017), in the 19" century, the walnut meal was
used commonly in pigs diet.

Therefore, the purpose of this study was to
evaluate the effect of the addition of 8% (5:3
wt/wt) extruded linseed and walnut meal
(ELW) on some quality characteristics of pigs
muscle.
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MATERIALS AND METHODS

The animals were treated in accordance with
the Romanian Law 305/2006 for handling and
protection of animals used for experimental
purposes.

The trial was conducted on the experimental
farm of INCDBNA Balotesti, according to Law
43/2014/Romania, and all the experimental
procedures were approved by the Ethical
Committee.

Animals, diets, and sampling

The trial was conducted on 40 growing pigs, of
commercial hybrid TOPIGS, maternal line
format, from the crossing of two breeds Large
White x Hybrid (Large White x Pietrain) and
the paternal, of Talent, terminal boar mostly
Duroc, initial body weight (BW) 13.58 + 0.37
kg and age of 81 + 3 days.

During a period of 30 days, the animals were
allotted randomly into two dietary treatments
(20 pigs/group, 2 replicate/group): control
group (M) was fed with a conventional diet
based on corn, triticale and soybean meal, and
experimental group (E) with an addition of 8%
(5:3 kg/kg) mix of ELW into the basal diet
(Table 1). The feed was given in the pelletized
form. The water and feed were given ad libitum
throughout the entire experiment.

At the end of the experimental period, the pigs
(n = 3/treatment) were slaughtered at final BW
of 32 + 4.5 kg, for sample collection. The
samples (about 200 g) were collected from the
Longissimus dorsi (LD) and Semitendinosus
(ST) muscles. All the samples were
individually = vacuum-packed, labeled and
frozen at —18°C until analyzed.

Physical properties determination

All the muscle samples were analysed for pH,
colour, and texture, at the Food Engineering
Faculty, “Stefan cel Mare” University, from
Suceava, Romania.

Before analyse, the muscle samples were
removed from the freezer and thawed overnight
(approximately 15 h)at4 + 1°C.



Table 1. Ingredient and nutrient composition of pigs diet

Ingredients, % M diet ELW diet
Corn 35.83 32.33
Triticale 25.00 25.00
Rice meal 15.00 15.00
Soybean meal 10.00 5.00
Extruded linseed: walnut meal (5:3 wt:wt) 0 8.00
Sunflower meal 5.00 5.00
Corn gluten 2.00 3.00
Milk replacer 3.00 3.00
Vegetable oil 0.70 0
DL-Methionine 0.00 0.06
L-Lysine 0.34 0.52
Calcium carbonate 1.78 1.76
Monocalcium phophate 0.04 0.02
Phytase 0.01 0.01
Salt 0.20 0.20
Choline premix 0.10 0.10
Vitamin-mineral premix! 1.00 1.00
Analysed composition, %
Dry matter 88.43 88.18
Crude protein 17.10 17.30
Lysine 1.05 1.05
Methionine+Cystine 0.67 0.67
Calcium 0.90 0.90
Phosphorus 0.70 0.70
Crude fiber 4.66 4.97
Crude fat 4.37 4.80
Metabolisable energy, ME (MJ/kg)? 12.67 12.66

!Contained per kg diet: 10000 IU vitamin A; 2000 IU vitamin D3; 30 IU vitamin E; 3 mg vitamin K3; 2 mg vitamin B1; 6 mg vitamin
B2; 20 mg vitamin B3; 13.5 mg vitamin B5; 3 mg vitamin B6; 0.06 mg vitamin B7; 0.8 mg vitamin B9; 0.05 mg vitamin B12; 10 mg
vitamin C; 30 mg Mn; 110 mg Fe; 25 mg Cu; 100 mg Zn; 0.38 mg I; 0.36 mg Se; 0.3 mg Co; 60 mg antioxidant.

>ME calculated based of feed composition using regression equations (NRC, 1998).

The sample pH was performed in triplicate
according to SR ISO 2917: 2007. The pH was
determined using a portable pH Meter (HACK,
Germany). Before the pH determination, the
pH-meter was calibrated using buffer solutions
of pH 7 and pH 4. Muscle samples (5 g) were
minced and mixed with 5 ml distilled water
(tissue-water mixture), then the electrode was
inserted in the tissue-water mixture for pH
measurement.

The colour was instrumentally measured using
a Chroma Meter CR-400 (Minolta Co. Ltd,
Tokyo, Japan) calibrated with a white ceramic
tile on D65 illuminate. The colour values were
expressed in CIE L*a*b* colour system (CIE,
1976) Lightness (L*), redness (a*) and
yellowness (b*). The colour was measured
concerning lightness (L*: 0 = black, 100 =
white), and 2 colour coordinates a* equal to red
(positive) or green (negative) and of b* equal to
yellow (positive) or blue (negative). Colour
was determined on the fat-free surface area of
the muscle. The muscle colour measurement
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was performed in triplicate for each sample,
using different instrument orientations.

Textural properties analysis was performed
using a Perten TVT 6700 texturometer. Before
analyse the all the meat samples were cut so
that they were shaped like a cylinder with a
diameter of 15 mm and a height of 25 mm. The
meat samples were subjected to a double cycle
compression, which was determined with a
cylinder probe 20 mm diameter, stainless steel.
The method allows the determination of
firmness, springiness, resilience, cohesiveness,
gumminess, and chewiness.

Statistical analysis

The data were submitted to variance analysis
using the General Linear Model (GLM) of the
SPSS program (SPPS, 2011). The results were
expressed as mean values and standard error of
the mean (SEM). Differences were considered
significant at P < 0.05.



RESULTS AND DISCUSSIONS

Currently, consumers are more knowledgeable
regarding the nutritive value of the food and
have become more interested in food quality.
Regarding the meat quality, generally, the
consumers are more interested in colour, and
texture.

The present study was performed to obtain
information about the effect of the addition of
8% (5:3 kg/kg) extruded linseed and walnut
meal mix, on some quality parameters (pH,
colour, and texture) of the muscles with the
major economic importance (Longissimus dorsi
and Semitendinosus) in pigs. In our previous
studies we show the importance of these
feeding ingredients on fatty acids profile and
animal health (Gheorghe et al., 2018; Habeanu
etal., 2019).

The pH, colour and texture parameters are
some of the most important quality attributes of

meat (Lee et al.,, 2012). These parameters
depend on species and muscle type, feeding,
slaughter method etc. (Migdat et al., 2007). The
pH is the most direct way to acquire
information on meat quality characteristics
(Lefter et al., 2013; Tomivic et al., 2014).

In the current study, there was registered a pH
decrease in the LD muscle (>2.3%; P = 0.001)
as effect of dietary inclusion of extruded
linseed and walnut mix (Table 2).

According to Tomivic et al. (2014), the
ultimate meat pH is reached at 5.3-5.8 at
various periods post-mortem. The pH results
obtained in our study are in range and are
consistent with the results obtained by other
authors (Wiecek et al., 2008; Lee et al., 2012;
Lefter et al.,, 2013; Tomovic et al., 2014;
Furtado et al., 2019). Contrary to our results,
regarding meat quality traits, Corino et al.
(2002) and Riley et al. (2000), did not show
any dietary effect on pH values.

Table 2. pH and instrumental colour parameter in pigs muscle

Muscle Parameter M! E? SEM? P-value
pH 5.57* 5.44b 0.03 0.001
Longissimus L* 52.602 50.38° 0.52 0.004
dorsi a* 1.21° 3.72° 0.57 0.000
b* 9.75 8.99 0.24 0.110
Chroma C* 9.82 9.73 0.18 0.829
pH 5.59 5.58 0.01 0.101
L* 49.31* 45.71° 0.82 0.001
Semitendinosus a* 3.24 2.50° 0.18 0.016
b* 9.74 9.70 0.23 0.942
Chroma C* 10.27 10.02 0.22 0.637

'M: control group;

2E: experimental group;

3SEM: standard error of the mean;

L*(Lightness), a* (Redness), b* (Yellowness);

“*Row means with different superscripts differ significantly (P<0.05).

The LD and ST muscle, colour from pigs fed
ELW diet had similar Chroma values with the
control group and (in ST muscle was noticed a
little higher value compared with LD muscle).
The LD muscle of pigs fed ELW diet resulted
in significantly lower L* (<4.20%; P=0.001)
and a higher a* (3.07-fold; P = 0.001) values,
indicating a shift to darker and redder meat
compared to control diet. Similar results of LD
colour were obtained by Okrouhla et al. (2013).
The ST muscle, of pigs fed ELW meal, resulted
in a lower L* (<7.30%; P<0.001) and a*
(<22.84%; P = 0.016) values, suggesting a shift
into darker and less red meat, compared to
control group. A darker appearance (L*) of the
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meat was also obtained by Riley et al. (2000)
and Okrouhld et al. (2013), who fed pigs with
linseed. Contrary to our results, previous
studies have not reported any effect on meat
colour when linseed was included in pig diets
(Bee et al., 2008; Corino et al., 2008; Juareza,
2011).

The most important parameters that they have
in view when they buy meat are tenderness,
juiciness, gumminess etc. (Migdat et al., 2007,
Warner et al., 2010). There are studies (Bindon
& Jones, 2001; Maltin et al., 2003) which
pointed that most consumers complained about
the meat hardness.



From our knowledge, data regarding the effect
of the addition of extruded linseed and walnut
meal in pigs diet in the growing phase, on the
textural parameters, are limited. In the present
study, as presented in Table 3 no significant

differences were recorded between groups.
However, we observed that the pigs fed ELW
diet, produced meat with lower hardness for
LD (-7.73%; P>0.05) and ST (-23.18%;
P>0.05) compared to the control group.

Table 3. Textural parameters in pigs muscle

Muscle Parameter M! E? SEM3 P-value”
Hardness (g) 1431.0 1320.5 290.2 0.890
Springiness (adm) 1.0 1.0 0.001 0.728
Longissimus dorsi Resilience (adm) 3.0 3.0 0.32 0.970
Cohesiveness (adm) 0.4 0.4 0.03 0.486
Gumminess (g) 563.3 614.1 154.7 0.905
Chewiness (g) 563.9 614.1 154.7 0.906
Hardness (g) 1754.0 1347.5 238.5 0.508
Springiness (adm) 1.0 1.0 0.001 0.963
Semitendinosus Resilience (adm) 3.6 2.8 0.46 0.546
Cohesiveness (adm) 0.4 0.4 0.04 0.768
Gumminess (g) 728.9 541.4 147.9 0.634
Chewiness (g) 729.4 541.9 147.9 0.634
'M: control group;
2E: experimental group;
3SEM: standard error of the mean;
*Means within rows do not differ significantly (P>0.05).
Lower values were also obtained for ACKNOWLEDGEMENTS

gumminess (<25.73%; P>0.05), and chewiness
(<25.71%; P>0.05) in the ST muscle of pigs
fed ELW diet compared to control group.
Regarding the LD muscle, this recorded higher
values for gumminess (>9.01%; P>0.05) and
chewiness (>8.90%; P>0.05) compared to the
control group.

Similar textural parameters of meat were also
obtained by Wiecek et al. (2008) from pigs fed
with linseed oil and slaughtered at 23 kg BW.
However, previous studies feeding pigs with
linseed also reported insignificant differences
in physical meat quality parameters (Corino et
al., 2008; Nurnberg et al., 2011).

CONCLUSIONS

The addition of 8% (5:3 kg/kg) extruded
linseed and walnut meal mixture in growing
pigs diet did not influence negatively the
physical characteristics of the qualitative
parameters of  Longissimus  dorsi  and
Semitendinosus muscle. Also, following the
results mentioned above, we can recommend
the inclusion of the mixture of extruded linseed
and walnut in the pigs diet.

132

This study was funded by the Romanian
Ministry of Research and Innovation through
Subprogram 1.2. Institutional Performance,
Program 1. Developing National R&D,
National Research and Development and
Innovation Contract no.17 PFE/17.10.2018,
and 8PCCDI-PC2.

REFERENCES

Andres, S., Murray, 1., Navajas, E. A., Fisher, A. V.,
Lambe, N. R., Bunger, L. (2007). Prediction of
sensory characteristics of lamb meat samples by near
infrared reflectance spectroscopy. Meat Science,
76(3), 509-516.

Bee, G., Jacot, S., Guex, G., Biolley, C. (2008). Effects
of two supplementation levels of linseed combined
with CLA or tallow on meat quality traits and fatty
acid profile of adipose and different muscle tissues in
slaughter pigs. Animal, 2 (5), 800-811.

Bindon, B. M., Jones, N. M. (2001). Cattle supply,
production systems and markets for Australian beef.
Australian Journal of Experimental Agriculture, 41,
861-877.

Brunschwig, P. (2003). Le tourteau de noix. Institut de
I'Elevage. http://www.inst-elevage.asso.fr/spip.php.
CIE. (1976). Commission Internationale de I’Eclairage,
18™ Session, London, UK. September 1975. CIE

publication 36.



Czech, A., Ognik, K., Laszewska, M., Sembratowicz, I.
(2017). The effect of raw and extruded linseed on the
chemical composition, lipid profile and redox status
of meat of turkey hens. Animal Science Papers and
Reports, 35(1), 57-69.

Corino, C., Magni, S., Pagliarini, E., Rossi, R.,
Pastorelli, G., Chiesa, L. M. (2002). Effects of dietary
fats on meat quality and sensory characteristics of
heavy pig loins. Meat Science, 60, 1-8.

Corino, C., Musella, M., Mourot, J. (2008). Influence of
extruded linseed on growth, carcass composition, and
meat quality of slaughtered pigs at one hundred ten
and one hundred sixty kilograms of live weight.
Journal of Animal Science, 86(8), 1850—1860.

Delgado-Licon, E., Martinez-Ayala, A.L., Rocha-
Guzman, N.E., Gallegos-Infanate, J.A., Atienzo-
Lazos, M., Drzewicki, J., Martinez-Sanchez, C.E., &
Gorinstein, S. (2009). Influence of extrusion on the
bioactive compounds and the antioxidant capacity of
the bean/corn mixtures. [International Journal of
Food Sciences and Nutrition, 60(6), 522—532.

FAO (2012). FAOSTAT. www.fao.org.

Furtado, E. Bridi, J. G., Barbin, A. M., Barata, D. F.,
Peres, C. C. P., Barbon, L. M., Andreo, A. P. A,
Giangareli, B., Terto, D. K., Batista, J. P. (2019).
Prediction of pH and color in pork meat using VIS-
NIR Near-infrared Spectroscopy (NIRS). Food
Science and Technology Campinas, 39(1), 88-92.

Food Report Romania. (2016).
https://www.dutchromaniannetwork.nl/wp-
content/uploads/2017/01/Food-Report-Romania-
2016.pdf

Giannico, F., Colonna, M. A, Coluccia, A., Crocco, D.,
Vonghia, G., Cocca, C., Jambrenghi, A. C. (2009).
Extruded linseed and linseed oil as alternative to
soybean meal and soybean oil in diets for fattening
lambs. Italian Journal of Animal Science, 8(2), 495~
497.

Ghasemi, K., Ghasemi, Y., Ehteshamnia, A., Nabavi,
S.M., Nabavi, S.F., Ebrahimzadeh, M.A., Pourmorad,
F. (2011). Influence of environmental factors on
antioxidant activity, phenol and flavonoids contents
of walnut (Juglans regia L.) green husks. Journal of
Medicinal Plants Research, 5(7), 11281133

Gheorghe, A., Habeanu, M., Lefter, N. L., Grigore, D.
M. (2018). Effect of dietary extruded linseed and
walnut meal mixture (8:1) on performance and
plasma protein profile in weaned piglets. Bulletin
UASVM Animal Science and Biotechnologies, 75(2),
121-126.

Habeanu, M., Lefter, N., Gheorghe, A., Tabuc, C.,
Dumitru, M., Ciurescu, G., Palade, M. (2017).
Effects of dietary peas mixed with linseed (3:1) on
the growth performance, enteritis and certain serum
parameter in weaned piglets. Food and Feed
Research, 44 (2), 173-180.

Habeanu, M., Gheorghe, A., Ropota, M., Toma, S.M.,
Marin, M. (2018). Changes in fatty acids composition
of Longissimus dorsi muscle, brain, liver and heartas
effect to hempseed addition in pigs feeding. AgroLife
Scientific Journal, 7(2), 61-67.

Habeanu, M., Lefter, N. L., Gheorghe, A., Untea, A.,
Ropota, M., Grigore, D. M., Varzaru, 1., Toma, S. M.

133

(2019).  Evaluation of performance, nitrogen
metabolism and tissue composition in barrows fed an
n-3 PUFA-rich diet. Animals, 9, 234.

Heuzé, V., Tran, G., Hassoun, P., Lebas, F. (2017).
Walnut (Juglans regia). Feedipedia, a programme by
INRA, CIRAD, AFZ and FAO.
https://www.feedipedia.org/node/38.

Heuzé, V., Tran, G., Nozi¢re, P., Lessire, M., Lebas, F.,
(2018). Linseed meal. Feedipedia, a programme by
INRA, CIRAD, AFZ and FAO.
https://www.feedipedia.org/node/735.

Juareza, M., Dugana, M. E. R., Aldaia, N., Aalhusa, J.
L., Patienceb, J. F., Zijlstrac, R. T., Beaulieu, A. D.
(2011). Increasing omega-3 levels through dietary co-
extruded flaxseed supplementation negatively affects
pork palatability. Food Chemistry, 126(4), 1716—
1723.

Karlovic, S., Jezek, D., Blazic, M., Tripalo, B., Brncic,
M., Bosiljkov T., Simunek, M. (2009). Influence of
refrigeration and ageing time on textural
characteristics of fresh meat. Croatian Journal of
Food Science and Technology, 1(2), 1-6.

Law 305/2006. http://www.monitoruljuridic.ro/act/lege-
nr-305-din-12-iulie-2006-privind-ratificarea-
convetiei-europene-pentru-protectia-animalelor-
vertebrate-utilizate-in-experimente-si-alte-scopuri-
stiintifice-adoptata-la-strasbourg-la-18-martie-1986-
74186.html

Law 43/2014 http://www.monitoruljuridic.ro/act/lege-nr-
43-din-11-aprilie-2014-privind-protec-ia-animalelor-
utilizate-n-scopuri-tiin-ifice-emitent-parlamentul-
157944 .html

Lee, S. H., Choe, J. H., Choi, Y. M., Jung, K. C., Rhee,
M. S., Hong, K. C., Lee, S. K., Ryu, Y. C., Kim, B.
C. (2012). The influence of pork quality traits and
muscle fiber characteristics on the eating quality of
pork from various breeds. Meat Science, 90, 284—
291.

Lefter, N. A., Dragotoiu, D., Gheorghe, A., Chedea, S.
V., Ciurescu, G., Habeanu, M. (2013). Effect of the
dietary by-product grape seed cake on performances
and carcass quality of TOPIGS pigs. Bulletin UASVM
Animal Science and Biotechnologies, 70(2), 214-222.

Leterme, P., Eastwood, L., Patience, J. (2015). Flaxseed
and Flaxseed Meal in Swine Nutrition. Proceedings
of the Western Nutrition Conference, Saskatoon, SK,
Sept. 25-27, 241-252.

Maltin, C., Balcerzak, D., Tilley, R., Delday, M. (2003).
Determinants of meat quality: tenderness.
Proceedings of the Nutrition Society, 62, 337-347.

Migdat, W., Wojtysiak, D., Palka, K., Natonek-
Wisniewska, M., Duda, 1., Nowocien, A. (2007).
Chemical composition and texture parameters of
some selected muscles of the Polish Landrace
Fatteners slaughtered at different age. Zywnos¢
Nauka Technologia, Jakos¢, 55, 277-284.

McDonald, P., Edwards, R. A., Greenhalgh, J. F. D.
(2002). Animal Nutrition. 6" Edition. London and
New York, Longman Publishing House, 543.

Nurnberg, K., Nurnberg, G., Dannenberger, D.,
Hagemann, L., Paulke, T. (2011). Effect of extruded
linseed on growth and lipids of muscle and back fat
in pigs. Fleischwirtschaft, 91, 88-92.



National Institute of Statistics (2018). Disponibilitatile
De consum ale populatiei. Available at:
http://www.insse.ro/cms/sites/default/files/field/publi
catii/disponibilitatile de consum_ale populatiei anu
1 2018.pdf.

Okrouhld, M., Stupka, R., Citek, J., Sprysl, M., &
Brzobohaty, L. (2013). Effect of dietary linseed
supplementation on the performance, meat quality,
and fatty acid profile of pigs. Czech Journal of
Animal Science, 58 (6), 279-288.

Pogurschi E, Melania Munteanu, Nicoale Carmen
Georgeta, Marin Monica, Corina Aurelia Zugravu -
(2018).  Rural-urban  meat consumption in
Romania.Scientific Papers Series D, Animal Science,
61 (2), 111-115.

Riley, P. A., Enser, M., Nute, G. R, Wood, J. D. (2000).
Effects of dietary linseed on nutritional value and
other quality aspects of pig muscle and adipose
tissue. Animal Science Journal, 71, 483-500.

Rosenvold, K., Andersen, H. J. (2003). Factors of
significance for pork quality - a review. Meat
Science, 64(3), 219-237.

134

SPSS, (2011). Statistics version 20.0. IBM SPSS Inc,
USA.

SR ISO 2917:2007, Carne si produse din carne.
Masurarea ph-ului. Metoda de referinta. ARSO.

Tomovic, V., Zlender, B., Jokanovié¢, M., Tomovic, M.,
Sojic, B., Skaljac, S., Tasic, T., Ikonic, P., Soso, M.,
Hromis, N. (2014). Technological quality and
composition of the M. Semimembranosus and M.
Longissimus dorsi from Large White and Landrace
Pigs. Agricultural and Food Science, 23(1), 9-18.

Warner, R. D., Greenwood, P. L., Pethick, D. W.,
Ferguson, D.M. (2010). Genetic and environmental
effects on meat quality. Meat Science, 86, 171-183.

Wiecek, J., Skomiat, J., Rekiel, A., Florowski, T.,
Dasiewicz, K., Wozniak, A. (2008). Compensatory
growth of pigs: quantitative and qualitative
parameters of pork carcass of fatteners administered a
mixture with linseed oil in the re-alimentation period.
Polish Journal of Food and Nutrition Sciences, 58(4),
451-455.



Scientific Papers. Series D. Animal Science. Vol. LXIII, No. 1, 2020
ISSN 2285-5750; ISSN CD-ROM 2285-5769; ISSN Online 2393-2260; ISSN-L 2285-5750

PRELIMINARY RESEARCH ON GROWTH RESPONSE AND HEALTH
STATUS OF PIGLETS FED MILLET GRAIN AS A PARTIAL
REPLACEMENT FOR TRITICALE

Nicoleta Aurelia LEFTER!, Mihaela HABEANU'*, Anca GHEORGHE!,
Lavinia IDRICEANU!, Mirela CIREBEA?

'National Research Development Institute for Animal Biology and Nutrition Balotesti, 1 Calea
Bucuresti, District IIfov, Balotesti, Romania
2University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca, Faculty of
Agriculture, Department of Plant Culture, 3-5 Manastur Street, 400372, Cluj-Napoca, Romania

*Corresponding author email: mihaela.habeanu@ibna.ro

Abstract

A 21 days trial was conducted to evaluate the performance and plasma biochemical markers on 40 pigs (8.14 + 1.08 kg
of average body weight and 30 + 3 days of age) when 25% of triticale was replaced with millet in weaned diets. The
group C (n = 20) received a conventional diet based on corn-triticale-soybean meal and in the M group (n = 20), 25%
millet cv. ‘Marius’ replaced triticale (2 replicates per group). At 7 days post-weaning, the performances and plasma
profiles (lipid, protein, mineral, enzyme) were evaluated. The blood samples collected from the piglets jugular vein (n =
10) were determined by a chemistry analyser Spotchem EZ SP-4430, Arkray, Japan. The performances of piglets fed
either M or C diet were comparable (P>0.05). No effect (P>0.05) of dietary treatment on plasma metabolites was
observed. However, the inorganic phosphorus (IP) decreased (-15%; P<0.04) in the M vs. C diet. The present study
revealed that the replacement of 25% millet to the piglet’s diet, even in the most critical period of their lives, maintains
the performances and blood plasma parameters within the normal reference ranges, beneficial to the health status.

Key words: health status, millet grain, performances, weaned piglet.

INTRODUCTION

The interest in converting cereals, the most
important energetically sources for feeding
pigs, into ethanol production is increasing, in
an exponential manner (Popp et al., 2016). To
combat this, a raise in demand for alternative
nutritional ~ sources, containing beneficial
nutrients, that can provide opportunities for
diversifying the feedstuff matrix, has been in
demand (Habiyaremye et al., 2017). The
condition is not to affect the health,
productivity and the development of animals
and their products.

Millet grains are now receiving specific
attention in terms of nutritional and health
benefits (Changmei and Dorothy, 2014; Singh
and Chauhan, 2019). Agrotechnical
characteristics and the resistance to storage
pests during long periods of time (Habeanu et
al., 2019; Yenagi et al., 2013; Dipnarayan et
al., 2016), enhance its value (Davis et al., 2003;
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Garcia and Dale, 2006; Saleh et al., 2013; Devi
et al, 2014; Goron and Raizada, 2015).
However, in Europe, millet varieties are
cultivated in small amounts and usually used as
feed for pets and less for piglets (Habiyaremye
et al., 2017). Thus, millet are underutilized in
many developed countries (Devi et al., 2014),
including Romania. According to Singh and
Chauhan (2019), and Habiyaremye et al,
(2017), millet grain appear to have great
nutritional potential as feed for piglets
(Habeanu et al., 1019), particularly in the first
week post-weaning, due to its richness in many
vital nutrients (e.g. minerals, micronutrients,
limiting amino acids, fiber, polyphenols) which
offer several health benefits (Jones and
Engleson, 2010). Moreover, millet, as they do
not contain gluten, is easy to digest and hence
is advisable for nourishment of humans and
young animals (Habiyaremye et al., 2017).

In modern pig production, weaning is an abrupt
process that induces distress for piglets due to



psychological, environmental or nutritional
factors (Colson et al., 2012; Habeanu et al.,
2015). Moreover, the literature data suggest
that when the pigs’ diet based of sow’s milk is
abruptly changed to a solid diet, especially in
the first week after weaning, piglets suffer a
nutritional stress (van Beers-Schreurs et al.,
1998). Unfamiliarity with post-weaning feeding

systems and diets contributed also, to
inadequate protein and micronutrients intake,
nutrient ~ malabsorption  and  diarrhoea

(Mavromichalis, 2014), with negative effects
on productivity (Campbell, 2013). Therefore,
beyond diet formulation for properly feeding
the weaning piglets, it’s also important to know
how this category of animals responds to the
composition of the diet. The evaluation of
blood  parameters  provides  important
information about the function of certain
tissues and organs (Luo et al., 2016) and, also
efectiveness of dietary nutrients.

However, little is known about the
interrelationships among dietary millet and
concentration of certain plasma parameters as
important indicators of health status.

In this context, the aim of study was to evaluate
the effects of 25% dietary millet grain on
performance and plasma metabolites during the
first seven days post-weaning.

MATERIALS AND METHODS

The trial approved by ethics committee (No.
1493/12.03.2018) was conducted at the
experimental farm of the National Research-
Development Institute for Biology and Animal
Nutrition (INCDBNA Balotesti). The animals
used in the present study were treated in
accordance with the EU Directive 2010/63/EU
(OJEU, 2010).

Animals and diets

The experimental trial was conducted during
21 days and the study reported herein, only
included information on first 7 days post-
weaning on 40 weaning piglets Topigs, 20 ¢
and 20 & with an average initial body weight
(BW) of 8.14 + 1.08 kg. The animals were
assigned to two groups (20 pigs/group, 2
replicates/group): 1). the control group (C), fed
with a diet based on corn-triticale-soybean
meal; ii). the experimental group (M), fed a
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compound feed similar to that of group C,
where 25% millet replaces triticale. Both diets
were isocaloric and isoenergetic with similar
content in limiting amino acids (lysine,
methionine + cysteine) and contained 0.01%
phytase. The feed was given ad libitum in
pelletized form. The intake was recorded daily.
In order to determine the performances (body
weight, BW; feed intake, FI; average daily
gain, ADG) the piglets were weight after 7 days
of experimental trial.

Chemical and biochemical analyses

The chemical analyses of the feed ingredients
and feed compound, were measured using the
SR EN ISO 17025:2005 standards, in the
Laboratory of Chemistry and Nutrition
Physiology of INCDBNA. The crude protein of
the diet was determined by a semiautomatic
classical Kjeldahl method using a Kjeltek auto
1030 - Tecator (SR 13325). The fat was
extracted using an improved version of the
classical method by continuous extraction in
solvent, followed by fat measurement with
Soxhlet after solvent removal (SR ISO 6492).
The crude fibre was determined with a classical
semiautomatic Fibertec-Tecator method (STAS
959715-77) and the ash by calcinations’ at 550°
until constant mass (SR ISO 5984). The
nitrogen free extractives (NFE) were calculated
using the formula: NFE = DM - (CP + EE + GF
+ Ash), where: DM - dry matter; CP - crude
protein; EE - ether extract; GF - gross fiber.
The metabolisable energy (ME) was calculated
with regression equations developed by the
,Oskar Kellner” Institute of animal nutrition:
ME = 5.01 DP + 893 EE + 3.44 GF + 4.08
DNFE, where: DP - digestible protein; EE -
ether extract; GF - gross fiber; DNFE -
digestible nitrogen free extractives.

After 7 days, blood samples from 10 pigs/group
were collected from jugular vein. The plasma
was obtained after the blood samples were
centrifuged at 3000 x g for 15 min. A
chemistry analyser Spotchem EZ SP-4430,
(Arkray, Japan) was used to determine the
plasma metabolites (triglycerides, TG; total
cholesterol,  T-Chol;  high-density lipo-
protein cholesterol, HDL-C; total protein, T-
Pro; albumin, Alb; uric acid, UA; creatinine,
Cre; total bilirubin, T-Bil; urea nitrogen, BUN;
calcium, Ca; magnesium; Mg, inorganic



phosphorus, IP; aspartate aminotransferase,
AST; alanine aminotransferase, ALT; lactate
dehydrogenase, LDH; creatine kinase, CK).

Statistical calculations

Data were analysed using the SPSS V.20
(2011) software, General Linear Model
procedure. The results were given as average
value = mean standard error. The effect was
considered significant at P<0.05 and as trend at
0.1<P>0.05.

RESULTS AND DISCUSSIONS

Chemical composition

Results for chemical composition analyses of
millet ‘Marius’ and triticale, are presented in
Table 1.

Nutritionally, millet grain compares closely
with other major cereal grains (wheat, rice,

maize), including triticale (Adeola et al., 1994;
Amadou et al., 2013; FAOSTAT, 2014).
However, millet had higher level in
metabolisable energy, crude fat and minerals
content compared to triticale. The crude fat
content of the millet observed in this study is
lower than the report of Kaur et al. (2014), and
Saleh et al. (2013) for millet or some others
millet varieties. The protein content averaged
9.86% for millet and 12.13% for triticale
(23.02% less protein than the triticale).

The protein values for millet reported in this
study were found to be by 1.2-1.4% lower than
that reported in other studies (Kalinova and
Moudry, 2006; Berglund, 2007; Saleh et al.,
2013; FAOSTAT, 2014).

Contrary to our study, Dipnarayan et al. (2016)
reported higher protein content (12.5%) of
millet.

Table 1. The chemical composition of the main ingredients used in the experimental diets

. Cereal grain
Nutrients - - -
Triticale Millet cv. ‘Marius’
Dry matter (%) 88.90 87.19
Metabolisable energy (kcal/kg) 3004 3052
Crude protein (%) 12.13 9.86
Digestible protein (%) 9.46 7.40
Crude fat (%) 2.01 2.99
Crude fiber (%) 2.17 2.50
Minerals (%) 2.17 3.38
Calcium (%) 0.04 0.03
Total phosphorus (%) 0.94 0.28
Digestible phosphorus (%) 0.18 0.15
Lysine: Energy Ratio (g/1000 kcal) 1.36 0.75

Varietal differences of crude protein content in
millet grain were described also in other reports
and might be caused by genetic differences or
variation in growing conditions (e.g. water,
soils nutrients), including conditions during
grain formation (Ravindran, 1991; Kalinova
and Moudry, 20006).

Millet was lower in digestible protein
(-18.71%) than triticale. The digestibility of
protein in our study was nearly 5% less than the
values (average, 71.3%) reported by Ravindran
(1992) who investigated in vitro protein
digestibility of six varieties of proso millet.
Factors such as the presence of tannins,
influence the protein digestibility of proso
millet (Ravindran, 1992).
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The fiber content of the millet used in our study
was lower with 15.21% than triticale. Contrary
to our results, Ravindran (1991), who tested six
varieties of proso millet, observed that the fiber
content ranged between 3.2-4.2%.

Regarding the mineral content, we noticed that
millet contained a higher mineral amount
(+55.8%) compared to triticale. Similar results
regarding the mineral content between proso
millet and other common cereal grains were
also obtained by Dipnarayan et al. (2016) and
Habiyaremye et al. (2017). However we found
that macrominerals, such as Ca and total P,
were lower in millet cv. Marius compared to
triticale. Ravindran (1991) obtained similar



values for Ca and P when analysed grain
samples of six varieties of common millet.
According to Adeola and Orban (1995),
variations in chemical composition for cereals
are expected, and are in close relationships with
the genotype and environment (soil moisture
content, level of nitrogen in the soil and the
time of nitrogen fertilizer application).

Animal performance

All the animals used in the experiment
remained healthy and consumed their diets.
There was no mortality during the study.

Table 2 shows the performance of the 7 day
post-weaning piglets. Initial average BW of the
experimental animals was 8.12 + 1.08 kg.

Table 2. Effects of using millet grain on productive performance of weaning piglets

Items C M SEM P-value*
No. of pigs, animals/group 20 20 - -
Weight at weaning, kg 8.14 8.15 0.201 0.984
Weight after 7 days, kg 9.69 9.55 0.280 0.817
ADG, g/day 0.222 0.200 0.180 0.609
ADFI, kg/day 0.254 0.242

g gain: g feed 0.87 0.83

Replacement of triticale with millet grain in the
piglets diet had no significant effect on the
average BW or ADG compared to control diet,
after 7 days experimental period; this revealed
that the inclusion of millet grains, did not affect
the palatability of the piglets diets. Furthermore,
the digestive processes (e.g. absence of
diarrhoea or other disorders) were not affected
by dietary treatments (data not shown).

The majority of the previous studies have been
conducted to investigate the effect of millet
grain in poultry nutrition (Ferket, 2000; Oso et
al., 2014) while the reports on pigs are fewer.
Yilkal et al. (2018) by increasing dietary level
of finger millet grain up to 75% in layer ration
observed no negative impact on production
performance. Body weight gains did not differ
between the broilers fed the control diet and the
diets containing 14 or 28% whole millet in a
study reported by Cisse et al. (2016). Similar
results regarding pigs performance were also
obtained by Adeola et al. (1996), how used
25% pearl millet as replacement of corn for 28
days in nursery (10 kg), respectively growing
(20 kg) pigs, and Lawrence et al. (1995) when
0, 25, 50, 75, or 100% of corn was replaced
with pearl millet in young pigs diets.

Plasma biochemical parameters

The results of plasma biochemical parameters
are summarized in Table 3. At 7-days after
weaning, the concentration of TG, T-Chol and
HDL-C of pigs from the M group, were lower
(P>0.05) than the C group. Moreover, the
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values of these important markers of lipid
metabolism were within the normal range. The
lack of significant differences among control
and experimental groups for TG value were
also reported by Li et al. (2019), feeding
undernourished pigs at age of 9 weeks with
pure maize diet and millet-based supplementary
food for 3 weeks. However, some studies
(Nishizawa and Fudamoto, 1990; Nishizawa et
al., 1995; Shimanuki et al., 2006) conducted on
mice and rats fed proso millet protein
concentrate diets, during 21 days experimental
period, reported a beneficial effect of millet
protein on lipid metabolism. We speculated that
in our study no physiological improvement was
observed in the piglets on lipid parameters due
to the short-term feed intervention.

T-Pro, Alb and UA are major plasma protein
fractions that can be used as indicators of
protein synthesis (Hellwing et al., 2007). Cre
and BUN are important endogenous marker,
most commonly used to measure kidney
function, while T-Bil is an indicative of liver
function (Radostits et al., 2000). Compared
with the C diet, the concentrations of T-Pro,
Alb, UA, Cre, T-Bil and BUN, in M diet
remained at a similar level (P>0.05). Contrary
to our study, improved of T-Pro and BUN
levels were reported by Li et al. (2019) on
malnourished pigs fed with corn and proso
millet diet during 3 weeks.

In the present study, significant changes in
serum AST, ALT, LDH and CK activities, as
markers of liver function (Nishizawa et al.,



2002) and cardiovascular system (Radostits et
al., 2000), were not observed between the

dietary groups of C and M.

Table 3. Effects of using millet grain on plasma profile of weaning pigs

Plasma Parameter Limits C M SEM P-value
profile
TG, mg.dL"! 33-50! 49.50 42.13 0.55 0.298
Lipid T-Chol, mg.dL"! 67-367° 78.75 68.75 3.28 0.159
HDL-C, mg.dL"! - 32.50 27.50 2.15 0.294
T-Pro, g.dL! 5.8-8.3! 4.85 4.79 0.14 0.840
Alb, g.dL’! 2.3-4.0' 2.88 2.69 0.13 0.523
Protein UA, mg.dL’! - 1.00 1.00 - -
Cre, mg.dL’! 0.8-2.3! 1.28 1.26 0.04 0.884
T-Bil. mg.dL"! 0-0.5' 0.30 0.34 0.04 0.688
BUN, mg.dL"! 8.2-25! 13.75 12.06 0.89 0.397
Ca, mg.dL"! 6.8-14.82 14.05 12.46 0.55 0.190
Mineral Mg, mg.dL"! 2-3.5! 2.30 2.18 0.07 0.422
IP, mg.dL"! 5.5-9.3! 6.58* 5.70° 0.21 0.042"
AST, UL 18-84% 44.50 50.81 8.65 0.748
Enzyme ALT, U/L 31-75! 35.25 35.50 3.02 0.969
LDH UI/L 380-630° 634.50 502.50 84.01 0.095"
CK UI/L 146-870? 440.75 346.13 218.61 0.849
Triglycerides, TG; total cholesterol, T-Chol; high-density lipoprotein cholesterol, HDL-C; total protein, T-Pro; albumin, Alb; uric acid, UA;
creatinine, Cre; total bilirubin, T-Bil; urea nitrogen, BUN; calcium, Ca; magnesium, Mg; inorganic phosphorus, IP; aspartate aminotransferase,
AST; alanine aminotransferase, ALT; lactate dehydrogenase, LDH; creatine kinase, CK. "Merck Veterinary Manual 2010; *Perri et al., 2017;
3Radostits et al., 2000. Means within rows do not differ significantly (P>0.05). T = Tendence to be influenced by treatment.

However, the M group as compared to C group,
tended to have lower plasma LDH activities
(-26%, P =0.095).

Significantly supressed elevation of serum
LDH activities was also noticed by Nishizawa
et al. (2002) by feeding the diet containing 20%
protein of proso millet for 14 days as compared
with those of rats fed a 20% casein diet. Thus,
the author concluded that the intake of millet
was considered to be a preventive food for liver
injury induced by D-galactosamine.

The plasma Ca and Mg concentrations were not
significantly affected by the millet diet.
Regarding the plasma IP we noticed that pigs
fed millet diet registered lower values
(-15.43%, P = 0.042) compared to control diet.
The values obtained were in physiological
limits. Thus, reduction the IP plasma content in
our study was surprising since previous reports
(Lei et al., 1993; Murry et al., 1997) have
demonstrated an increase in serum [P
concentration when millet and different phytase
levels were added to the pigs diets, and in our
study it was expected that the plasma IP level
would either remain constant or increase.
However, in millet, information is limited on
the different types of compound that inhibited
mineral absorption (Krishnan and Meera,
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2018). The above workers also reported that the
phytic acid, polyphenols and fibres present in
the millet varieties is a nutritional concern, due
to the possible interference with mineral
absorption at the intestinal level (Ravindran,
1991).

CONCLUSIONS

The data of the present study shows that 25%
of millet ‘Marius’ could be added to the piglets
diet without causing significant changes in the
performances  and  investigated  blood
parameters, except for the decreasing the
plasma inorganic phosphorus levels. However,
it might be an effect of millet compound, but
further investigations are needed to confirm
this.
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Abstract

The aim of the current review was to evaluate the efficacy of using microorganisms with probiotic effect and prebiotic
substrate on calves’ health status. Probiotics and prebiotics are currently subject to expansive research as alternative
to antibiotics use in animal husbandry. This study reports the symbiotic effects on calves at weaning period (calf
performance) and health applications (potential benefits in calf’s health and safety use). Since preweaning period,
diary calves are vulnerable due to innate immune system, not fully capable of protection the organism against
pathogenic actions. Thus, in order to minimise the stress during weaning period and to encourage efficient valorisation
of nutrients probiotics and prebiotics are used as natural feed supplements. The article describes interrelations of
probiotics and physiological responses to weaning, given that such aspects are very important due to the detrimental
balance provided from dietary and physiological mechanisms concerned weaning calves. The importance of exploiting
this valuable resource rises with the demand of safer and more affordable alternatives for antibiotic growth promoters,
reducing economic loss and promoting homeostasis, thus increasing farm profit.

Key words: antibiotics, calves, health, probiotic, weaning.

INTRODUCTION husbandry represents a real challenge, given the
needed  balance  between  costs  and
In order to archive early stage development and effectiveness.
to avoid potential pathogenic threats, a  Diarrhoea caused by enteric pathogens in un-
common practice was to administrate antibiotic =~ weaned calves represents one of the most
formulas as growth promoters in dietary feed  prevalent causes of morbidity and mortality,
(Dennis et al., 2019). with reported incidences of up to 75% and
Antibiotics have been by far the most cost-  57%, respectively (Muktar et al., 2015, Cho
effective measure to maintain feed efficiency = and Yoon, 2014). Important measures can be
and health status in intensive livestock  taken in order to avoid diarrhoeic diseases in
production systems, including ruminants. Since  young ruminants, considering their significant
early 2006, antibiotics administration as feed  effects on early development and later adult
additives in animal husbandry is prohibited in  productivity.
the European Union. Hence, antibiotics can Probiotics, which are live and viable
only be administrated to animals as a treatment ~ microorganisms, administrated in sufficient
or in order to prevent disease and it needs a  amounts and on a specific time scale, could
veterinarian prescription. Given the fact that have beneficial effects on the animal’s
antibiotics have been reported in milk even organism (WHO and FAO, 2002; FAO, 2009;
after 2006 (Pogurschi et al., 2015), it is  ISAPP, 2013). Probiotics use are supported by
necessary to encourage the use of prebiotics  the EU legislation (Regulation No. 767/2009),
and probiotics in dairy cows and calves diet.  as natural alternatives to antibiotic additives in
Therefore, replacing the use of antibiotics as  animal feed. As pharmaceutical application,
health and growth promoters in animal  biotherapeutic ~drugs formulas regarding
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probiotics (one or more strains of the same
genus or species) are specifically defined
strains, tested clinically and proficient in
gastrointestinal diseases (Sreeja and Prajapati,
2013). Often, biotherapeutic drug formulas may
include microorganism with potential probiotic
effect and other substances such as: oils,
vitamins, rehydration salts and prebiotics
(Markowiak et al., 2017).

Along with probiotics, prebiotics are accepted
as likely substitutes for antibiotic use in
animals (Gibson et al.,, 2017). Gibson et al.
(1995) were the first to observe that prebiotics
are a group of substances that interact indirectly
with the hosts metabolism, in order to induce
proliferation in a selective approach among
host microbiome, serving as nutritive substrate
for non-pathogenic bacteria.

Symbiotics are the synergistic combination of
probiotics and prebiotics, which can offer to
different extents beneficial effects to cattle
(Radzikowski, 2017). In calves, symbiotic
consumption has several proven health
benefits, including an increase of intestinal
beneficial ~ bacteria, improved immune
modulatory responses and reduced incidence of
enteritis (Shimizu et al., 2018).

In addition, calf’s intestinal microbiome has a
major impact on health status, thus protecting
the organism from environmental stressors.
Adding physiological functions which include
storage, conversion and transportation of
nutrients. In neonatal calves, the
gastrointestinal system (GIT) is unique,
experiencing important changes between birth
and the first year of life (Yeoman et al., 2018).
The digestive system of new born calves in
sterile, GIT colonisation starts instantly after
birth. During the suckling period, calf’s
intestinal microbiome is represented mostly of
Lactobacillus  spp.,  Lactococcus  spp.,
Citrobacter spp. and Leuconostoc  spp.
Diversity and complexity rises as a result of
dietary, physiological and environmental
challenges (Diao et al., 2019). At the age of
three months, in the calf microbiome, beside
existent bacteria an abundance of other genera
are being found, including: Bifidobacterium
spp., Bacteriodes spp., Firmicutes spp. and
Faecalibacterium spp. (Oikonomou et al.,
2013). From this age, a dynamic microbial
complex expands, and it is encouraged by

innate immune system to become similar as
ones functioning in adults.

Enteric diarrhoea is one of the most prevalent
causes of morbidity and mortality among diary
calves. For this reason, it is important to
prevent pathogenic actions and to encourage
healthy approaches (Manyi-Loh et al., 2016).

In this context, the paper presents an evaluation
of symbiotic manipulation of gut microbiome
in order to optimise calf’s performance and
health status.

Potential benefits in using prebiotics and
probiotics in calves

Current applications of probiotic and symbiotic
on young pre ruminant animals, generally
targets the gastrointestinal system, by
stabilizing and enhancing lower intestine
microbiome, thus minimizing the rate of
gastrointestinal disorders, by supporting health
and optimal nutrition. Probiotic, prebiotic and
the combination between them, symbiotic
claims a potential positive effect on calf health
(Dar et al, 2017) and calf performance
(Ysmail, 2019). Gut microbiota has a metabolic
active role, having also protective and trophic
functions, being positively modulated by
beneficial microorganisms, in combination with
or without carbohydrate substrates (Rowland et
al., 2018). Previous studies have shown the

beneficial health aspects and potential,
throughout the manipulation of intestinal
barrier microbiota, facilitating beneficial

bacteria proliferation, while reducing the
incidence of neonatal calf diarrhoea (Jyotimala
et al., 2019), while also improving weight gains
(Radzikowski, 2017). The combination of
mannan oligosaccharide and Streptococcus
faecium was investigated by Morrison et al.
(2010), as addition to milk replacer on calf
performance and health. Results shown a
significant improvement of fed concentrate
intake and calf faecal consistency, thus
improving calf performance.

Lactic acid bacteria such as Lactobacillus spp.
and Bacillus spp. are the most widespread
probiotic supplements used and often regarded
as feasible in common feeding techniques,
improving average daily gains (Ballou et al.,
2019; Cantor et al., 2019) and decreasing the
incidence of diarrhoea (Jiang et al., 2020). Dar
et al., 2017, evaluated the impact of symbiotic
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combination between Lactobacillus spp. and
mannan oligosaccharide on serum biochemical
profile of calves. Results shown that symbiotic
supplementation had reduced the serum
triglycerides and cholesterol, unaffecting serum
glucose, bilirubin, creatinine and urea.

On the other hand, symbiotic administration of
Enterococcus faecium and lactulose could
improve calf performance (Fleige et al., 2007),
by modulating the intestinal barrier physiology,
thus decreasing the height of ileal villus, the
crypts depth in the cecum and the area of
lymph follicles from Peyer’s patches.

Inclusion and general use of prebiotics and
probiotics in pre weaned calves

Given the economic implications of dairy
calves rearing, in order to improve calf’s
growth, health and future adult development,
farmers give an increasing interest to calf
weaning techniques. In addition, intensive dairy
farming demands an accelerated weaning
process (Jami et al., 2013), from pre ruminant
to ruminant with minimum time and less
economic resources.

Furthermore, available research results to
improve calf’s nutrition and development had
become more available with the progress of
biochemistry and biotechnologies.

The next generation of growth and health
promoters are probiotic, prebiotic and
symbiotic, in order to provide solutions to the
antibiotic’s restrictions put in place by EU
Directives in all Member States since year
2006. Recent research demonstrates the
multitude of biotechnological approaches
applied in dairy calf’s diet supplementation
(Table 1.).

Colostrum administration together with the
milk diet (milk quantity, quality and number of
meals per day) are dependent factors that
support  the future development and
stabilisation =~ of  calves’  gastrointestinal
microbiome and adaptive immune system
(Neamt et al., 2019; Marin et al., 2020). For
instance, probiotic, prebiotic and symbiotic
administration could be included in both liquid
and solid diets. During the first weeks of life,
milk replacer -based diets could be improved
with probiotic or symbiotic supplementation in
diary calf farms (Mehdi Bahari, 2017).

Table 1. Example of biotechnological growth promoting
formulations used in calf nutrition

Name of Microorganism +/- Producer.,
L recommendation of
formula Prebiotic substrates . .
administration
Symbiotics
Lo Enteroccocus faecium + | Biomin IMBO, mixed
Biomin“IMBO FOS directly in feed
Prebiotics
BionatStart MOS, B-glucans 1 x 25 ml/calf/ day
MetSac MOS MOS, B-glucans -
PROFEED® scFOS 10 g/calf/day
Probiotics
Cylactin Enterococcus faecium -
. . 5x10%-2x 10"
Lactiferm Enterococcus faecium CFU/kg feed
Oralin Enterococcus faecium 1 x 10° CFU/kg feed
BioEnterom Enterococcus faecium Lx 10°
] i UFC/ml/calf/day
Cernivet LBC Enterococcus facci
ME10 nterococcus jaecium
BioPlus2B* Baczllu; sztb(z{zs, l?aczllus 0.45 kg/1 ton of solid
ligueniformis feed
Probios Max® Laf:tlc 2_Ac!d bacteria + Unique dosg— 5 mg at
vitaminic complex calf birth
Probiosacc C-I Sacchar(.)r.ny ces
cerevisiae
Lactobacillus
Yea Sacc rhamnosus,
Enterococcus faecium
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FOS - fructooligo saccharide; MOS-mannanoligosaccharide

In addition, Ulger (2019) found that by
supplementing calf diet, during the first 56 days
of life (suckling period) with probiotic
(Lactobacillus  acidophilus, — Lactobacillus
casei, Enterococcus faecium and
Bifidobacterium  bifidum) improves calf
performance and decreases blood triglyceride
and iron levels. Among administration mode,
diary calves’ breeders often are substituting
whole milk diets with artificial milk replacers.
Efficacy of biotechnological application such
as probiotic and symbiotics is directly affected
by certain factors and circumstances. However,
only an appropriate and correct dosage of
administration could manifest maximum
positive attributes of the probiotic strain. Other
relevant factor is represented by the physical
form of administration: liquid, powder,
suspensions, capsules, gel, paste or pellets. In
addition, dosage requirements are depending in
the same time of physical form and biological
potential of probiotic and symbiotic formula.
Furthermore, circumstances regarding
individuality and environmental conditions
(e.g. diseases exposure) are criteria can be
controlled at farm level throughout the




implementation of biosecurity and veterinary
measures.

Effects of prebiotics and probiotics on calf’s
growth and feed conversion

Future productivity and performance of dairy
farms request adequate calf nutrition and care.
In addition to banning antibiotic use at farm
level, probiotic and prebiotic approaches
represent a potential key to establish a new
generation of growth promoters. Early stage
development and weaning are important due to
the fact that they are facilitating changes in
metabolism absorption and growth (Govil et
al., 2017). Furthermore, ruminal development
is conditioned by solid feed administration and
intake, within significant effects on the ruminal
fermentation processes. The effects of probiotic
are generally dependent on the specific
microorganisms ~ producing  antimicrobial
substances, and also on the digestive enzyme
stimulation capacity. Prebiotic use showed an
improvement of growth performances by
improving average daily gain, feed intake and
digestibility. In calf feeding, carbohydrate
represent the main nutrient in producing
volatile fatty acids, with potential to increase
nutrient digestibility (Nagpal et al., 2015) and
absorption, thus increasing feed efficiency.
Ghosh and Mehla (2012) observed an increase
in performance weight gain, an improvement of
feed intake and feed conversion efficiency by
administrating 4 g/day/calf of a mannan
oligosaccharide as supplement to calf feed.
Similar results were shown by Grand et al.,
2013, throughout direct administration of
different quantities (3 g or 6 g) of short chain
fructo-oligosaccharides, enhancing the growth
performance of weaned calves and decreasing
feed conversion ratio, while improving carcass
weight.

Prebiotic supplementation such as inulin and
lactulose, in young pre-ruminant regulates the
mRNA gene expression involved in intestine
inflammation (Masanetz et al., 2011) and it is
believed to facilitate nutritive absorption.
Along with health benefits, current prebiotic
mechanisms could increase macro elements
absorption, for instance Cu, Ca, Mg, Fe and Zn,
also Na+ and colon water absorption (Singh et
al., 2017). Other researchers have observed an
improved capacity of prebiotics, like fructans in

colon calcium transporters (Haq and Khan,
2018) increasing bone calcium formation and
decreasing calcium losses (Garcia-Vieyra et al.,
2014).

Probiotic lactic acid bacteria had influenced
productive performance by stimulating feed
intake and increasing average daily weight
gains, also improving health, thus reducing the
incidence of diarrhoea among young ruminants
(Wallace et al., 1993; Mehdi Bahari, 2017).
Marcondes et al. (2016) research has shown
that symbiotic containing mannan-
oligossacharides [(MOS; prebiotic),
Lactobacillus  acidophilus,  Enterococcus
faecium, Bacillus  subtilis, Saccharomyces
cerevisiae and cellulase, xylanase and
hemicellulose (fibro lytic enzymes)]
supplementation had no effect on calves
performance, instead was found that the
symbiotic Bioformula Leite could represent an
bio-control option in calf diarrhoea during the
pre-weaning period.

Effects of prebiotics and probiotics on calf’s
health

The capacity of symbiotics on maintaining an
eco-balance in the gastro-intestinal microbiome
has significantly impacted calf’s overall status
health status (Malmuthuge et al., 2015; Pandey
et al., 2015). Frequently, calf diarrhoea, scours
and weight losses are results of stressors
generated by husbandry practice (such as ear
tagging, vaccination programs, weaning, heat
or cold stress, regrouping), pathogens
(Clostridium spp., Escherichia spp-»
Enterococcus spp. and Shigella spp.) and
bacterial toxins (Taijima et al., 2001). Calf
gastro-intestinal microbiome has proven to be
able of modulation (Uyeno et al., 2015), as an
adaptative response (Cammack et al., 2018) to
environmental ~ challenges.  Opportunistic
pathogens like E. coli are the most prevalent
causes on neonatal diary calf’s diarrhoea (Cho
et al., 2012). In according with Muktar et al.
(2015), around 80% of neonatal calf diarrhoea
positively tested for at least one enteric
bacterial infection, denoting that still pathogen
infections are main causes. It has been accepted
that the first 24 h after birth are crucial to
young ruminants, within a need for adequate
amount of colostrum administration (Meganck
et al., 2014) starting from the first hour after
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calving, in order to acquire adaptive immune
system (Godden et al., 2019). Calf suckling
period is often associated with morbidity and
mortality (Meganck et al., 2014) and represents
the major economic loss factor. Mokhber-
Dezfouli et al. (2007) tested a dietary probiotic
mixture (Lactobacillus, Bifidobacterium
bifidum, Enterococcus faecium, Streptococcus
thermophilus, Aspergillus oryzae and Candida
pinotopesti) added in concentrates (25 g/
head/day) and evaluated performance and
health status. At the end of the experiment (90
days) body weight gain of the experimental
group increased by 7 kg over the control group,
and had shown lower diarrhoea incidence.

Satik and Gunal (2017), studied a natural
probiotic (kefir), with the administration having
a positive effect on lactic acid bacteria
populations, related to pathogenic competitive
exclusion, proving thus beneficial during the
first eight weeks of life.

Li et al. (2012) and Loor et al. (2016) found
throughout the sequencing method that calf
microbiome development is age-dependent and
at the age of two weeks, calf microbiome
colonisation is preponderant colonised by
Pervotella spp., compared to

six weeks of age, when the vast majority of
populations are Bacterioidetes spp.

Safety measurements in using prebiotics and
probiotics

As the legislation enforces, in order to
characterize the microorganism’s probiotic
action, the following indicators should be used:
stress  tolerance, adhesion ability, own
pathogenic activity, antipathogenic activity,
safety assessment and clinical trials (FAO,
2002). New approaches of the pharmaceutical
industry regarding antibiotic replacement
include therapies such as probiotics and
symbiotics, and they are displaying them as
less-aggressive ~ methods.  Pharmaceutical
products  impose advanced  production
technologies and have requirement such as
isolation of bacteriologic strains with probiotic
potential, description based on ecosystems,
geographical region particularisation, selection
and characterisation, reproduction at industrial
scale. In most cases, non-selected probiotics
administration to livestock had low or/and no
effects on performance and/or health condition
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(Fuller, 1989). This might be a consequence of
using probiotics which were isolated from other
regions or even from other animal species.

In addition, in most publications, authors tend
to discuss the efficacy of using probiotics rather
than safety of usage. Therefore, in future
research it would be advised to evaluate the
safety of adding symbiotics in livestock
nutrition. Shanahan (2012) pointed the general
safety measurements of the prebiotic and
symbiotic pharmaceutical formulation, as
follows:

e Generalisation of safety assessments on
probiotic or symbiotic formulation cannot be
applied on similar probiotic or symbiotic
products;

e Adverse effects and severity of effects

could be specific to susceptibility by
individuality;
e Raising awareness among public

consumers and farmers, given the wide range
of effects and influencing factors in prebiotic
administration.

Microorganisms with probiotic attributes are
considered generally safe, although often risk
administration assessment did not have been
made. Regularly, risk as gastro-intestinal or
systemic infection on host, detrimental
metabolic or toxic effects also immune system
hyperstimulation are not taken into
consideration,  frequently = with  serious
consequences.

Effects of prebiotics and probiotics on calf’s
immune responses

Immunomodulatory  actions  based  on
establishment and enhancement of innate and
adapted immune system, is involved in the
natural immune response mechanism and is
directly influencing the animal health (Wu et
al., 2019).

Intensive  dairy  farming, focused on
productivity and product quality, requires calf
artificial rearing, as a consequence, acquired
microbiota and immune system of calves is
often reduced and vulnerable to bacterial
pathogen colonisation (Marcondes et al., 2016).
In comparison with extensive production
systems, the intensive calf management
requires alternative solutions to support innate
immune system and to improve intestinal
microbiome. Roodposhti and Dabiri (2012)



studied the effect of symbiotic consisting of
probiotic bacteria and two types of fungi and
prebiotic substances (Saccharomyces cerevisiae
and cell wall polysaccharide) on daily growth
of calves, traces of E. coli in calf faeces and
IgG immunoglobulin content from calf blood.
Research was conducted during 8 weeks,
administrating to calves from the control group
1 g probiotics and 4 g probiotic, results
displayed an increase on growth performance
and improvement in antibody production by
0.120 mg/ml, while decreasing the number of
pathogenic populations of E. coli by 5%.

Indart et al. (2012) studied the administration
of multispecies and multi-strain probiotic
(L. helveticus, L. casei, L. fermentum,
L. paracasei, L. parabuchneri, Lactobacillus
gasseri and Lactobacillus panis,
Sacchoromyces  cerevisiae  and  Pichia
kudravzevii) on calf pre-weaning period, results
indicating a significant increase on metabolic
and microbicide activity in peripheral blood
neutrophils.

Similar results were shown by Qadis et al.
(2014) regarding probiotic (Lactobacillus
plantarum,  Enterococcus  faecium  and
Clostridium butyricum) administration on pre-

weaned calves, with positive outcomes
displayed on peripheral blood leukocytes,
inducing a stability among commensal
microflora.

CONCLUSIONS

Probiotic, prebiotic and symbiotic use were
shown to have positive effects when
administrated to claves on both performance
and health. In addition, enhancing the calf
development may prove an important pathway
to maximise production potential as adult.
Besides productive benefits, health status can
be modulated throughout the immune response,
protecting calves via antipathogenic action.
New-born calf microbiome manipulation
throughout characterisation and identification
of ideal interactions between symbiotics could
represent an important key in order to improve
overall production. Further research is needed,
considering the lack of knowledge and low
understanding of the complex mechanisms of
interactions, regulation and overall profitability
and feasibility.
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Abstract

The knowledge of haematological and urine biomarkers is useful to diagnose various metabolic and pathological
disorders, which have a negative impact on the overall performances of dairy species. The aim of this study was to
investigate the haematological and urine parameters in lactating dairy cows comparative with lactating buffaloes. The
study was carried out on sixty-eight Romanian Black and Spotted cattle and on fifty Romanian buffalo. The obtained
values for hemoglobin concentration (HGB), hematocrit percentage (HCT), white blood cells count (WBC),
lymphocytes percentage (LY), monocytes percentage (MO), and neutrophil percentage (NE), varied significantly
(p<0.01) between cows and buffaloes. For other haematological indices, such as mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC), statistical
differences were recorded. Urine examination of cows and buffaloes showed that all the parameters studied were within
the normal physiological limits, with minor fluctuations for protein level (30 mg/dl). The obtained results could serve as
baseline information for comparison in conditions of nutrient deficiency, physiology and health status of dairy herd’s.

Key words: buffaloes, cows, haematological profile, urine profile.

INTRODUCTION buffaloes regarding utilization of feed.
Buffaloes have better digestive ability than
Haematological studies are useful in the cattle to utilize poor quality roughage (Agarwal
diagnosis and prognosis of many diseases in et al., 2008) and better degrade crude protein
farm animal’s (Olafedehan et al., 2010; Togun and protein free dry matter (Terramoccia et al.,
et al.,, 2007; Parvu et al., 2003) and it plays a  2000). With this background, the aim of the
vital role in the physiological, nutrition and  present study was to investigate the
pathological status of an organism (Doyle, haematological and urine parameters of
2006). According to Xie et al. (2013), apparently healthy Romanian Black and
significant variations in the blood metabolic Spotted cows and Romanian buffalo and, also,
profile depend on genetic (breed and genotype) to compare the metabolic profile between both
and non-genetic factors (age, sex, physiological groups. The determination of these parameters
status). Seasons and diet, also, influence the  could then aid in exploring the differences in
blood parameters of farm animal’s (Knaus, the metabolism of this and their organ function.
2013; Varra et al., 2017; Garkal et al., 2016;
Radkowska and Herbut, 2014). Changes in =~ MATERIALS AND METHODS
haematological parameters are often used to
determine status of the body and to determine Sixty-eight multiparous Romanian Black and
stresses due to environmental, nutritional and Spotted dairy cows and fifty multiparous
pathological factors (Afolabi et al., 2010). Romanian buffalo cows, clinically healthy,
Urinalysis is a useful and inexpensive tool to were  screened for  metabolic  profile
detect metabolic diseases such as diabetes  (haematological and urine indicators) during
mellitus, liver diseases, glomerulonephritis and  the autumn season (October, 2019). The study
urinary tract infections (Finco, 1997). There  was carried out at the Experimental Farm of the
exists difference between the cattle and Research and Development Institute for Bovine
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Balotesti, and at the Experimental Farm of the
Research and Development Station for Buffalo
Sercaia, Romania. The cows and buffaloes
were housed under tied stanchion barn
conditions. Feeding system was differentiated,
for cows, the diet/head/day consisted of 4 kg
alfalfa hay, 20-25 kg corn silage and 3-4 kg
concentrates, and, for buffaloes, the
diet/head/day consisted of 4 kg sedge, 7 kg
marsh hay and 28 kg corn silage. The lactating
dairy cows and buffaloes received salt and
water ad [libitum. For the haematological
examinations, blood samples (1-2 ml) were
collected aseptically from the jugular vein of
each animal, 2-4 hours after the morning
feeding, in vacutainer tubes with disodium-
ethylene diamine tetra acetic acid (EDTA/Nay).
After harvesting, the samples were chilled to
+4 °C. Urine samples were collected in 50 ml
sterilized vials from both groups studied as free
catch (mid stream voided) during micturition.
Haematological parameters (RBC, HGB, HTC,
MCV, MCH, MCHC, WBC, LY, MO, NE)
were determined using automated hematology
analyzer Abacus Junior Vet 5. Urine

Table 1. Haematological parameters in

examination (bilirubin, urobilinogen, ketones,
ascorbic acid, glucose, protein, blood, pH,
nitrites, leukocytes, specific gravity) were
determined with the DocUReader urine
analyzer, used for in vitro diagnostics. Means +
(Standard Deviations) and coefficients of
variation (CV) of blood indicators were
calculated. Data were analyzed to compare the
mean values of cows and buffaloes by applying
independent mean t-test and 95% confidence
intervals at 0.05 significance level using a
descriptive statistical tool (computer software
Microsoft Excel). The experimental procedures
were performed in accordance with the
Romanian Law no. 43/2014 and the Council
Directive 2010/63/EU on the protection of
animals used for scientific purposes.

RESULTS AND DISCUSSIONS
The Table 1 shows means values of blood
parameters in lactating dairy cows and

buffaloes studied, and the Table 2 shows
haematology reference intervals in bovine.

lactating dairy cows and buffaloes

Group 1 Group 11 Reference limits
Parameters Cows Buffaloes P
X +SD CV,% X +SD CV, %
RBC, 10%uL 6.56+1.34 20.43 6.79+£1.24 18.26 0.114 5-8
HGB, g/dL 9.48+1.38 14.56 12.29+2.27 18.47 | 0.000 9-11
HCT, % 28.50+3.21 11.26 37.6947.10 18.83 0.000 32-38
MCV, fl 43.98+4.41 10.03 55.46+2.83 5.10 0.000 40-60
MCH, pg 14.9+1.65 11.08 18.14+1.37 7.55 0.000 11-17
MCHC, g/dL 33.93+2.03 5.98 32.714+2.40 7.33 0.012 30-36
WBC, 103/uL 8.374£2.27 27.12 9.86+2.14 21.70 | 0.000 6.5-9.5
LY, % 54.10+10.14 18.74 45.93+7.41 16.13 0.000 45-61
MO, % 7.03+2.81 39.97 5.21+£2.00 38.39 | 0.003 0-4
NE, % 38.74+8.97 23.15 48.84+7.86 16.09 | 0.000 15-41

RBC - red blood cells, HGB - hemoglobin, HCT - hematocrit, MCV - mean corpuscular volume, MCH - mean corpuscular hemoglobin, MCHC -

mean corpuscular hemoglobin concentration, WBC - total white blood cells, LY - lymphocytes, MO - monocytes, NE - neutrophils

Table 2. Haematology reference interval in bovine (source Roland et al., 2014)

Parameters Wood and Quiroz-Rocha, 2010 George et al., 2010 Kraft and Diirr, 2005
RBC, 10%uL 4.9-7.5 5.1-7.6 5-10
HCT, % 21-30 22-33 28-38
HGB, g/dL 8.4-12.0 8.5-12.2 9-14
MCV, fl 36-50 38-50 46-65
MCH, pg 14-19 14-18 11-17
MCHC, g/dL 38-43 36-39 31-34

RBC - red blood cells, HCT - hematocrit, HGB - hemoglobin, MCV - mean corpuscular volume, MCH - mean corpuscular hemoglobin, MCHC -

mean corpuscular hemoglobin concentration

The results revealed no significant variation

(P>0.05) in RBC count for the group I and for

the group II studied. A significant variation
(p<0.01) for HGB, HCT, WBC, LY, MO, and




NE, between the group I and the group II, was
observed. The MCV, MCH, MCHC indices
were, also, found to be significantly (P<0.01
for MCV and MCH; P<0.05 for MCHC)
between groups studied, this erythrocyte
indices are usually used for morphological
classification of anaemia. The recorded mean
values for RBC (6.56+1.3410%uL), HGB
(9.48+1.38 g/dL), MCV (43.98+4.41 fl),
MCH (14.9£1.65 pg), MCHC (33.93£2.03
g/dL), WBC (8.37+2.27 10%uL), LY
(54.10+10.14%), and NE (38.74+8.97%)
parameters were situated in the normal
physiological limits in lactating dairy cows.
However, in the present study, a lower mean
value for HCT (28.50+3.21%) and a high
mean value for MO (7.03+2.81%) than
normal physiological limits were recorded.
According to Research Animal Resources
(2009), the reference values for cow are
situated between 8-15 g/dL for HGB, 40-60 fl
for MCV, 11-17 pg for MCH, 30-36 mg/dL
for MCHC, 4-12 10%/uL for WBC, 40-70 %
for LY, and 1-6 % for MO. Merck Manual
(2012) related the following rage of values for
cow: 5-10 10%mm? for RBC 10-15 g/dL for
HGB, 39-55 {1 for MCV, 13-17 pg for MCH,
and 30-36 mg/dL for MCHC. The recorded
mean values for RBC (6.79+1.24 10%/uL),
HCT (37.69+7.10 %), MCV (55.46+2.83 fl),
and LY (45.93+7.41 %), parameters were
situated in the normal physiological limits in
lactating buffaloes with slight increase for
HGB (12.29+£2.27 g/dL), WBC (9.86+2.14

10°/uL), MCH (18.14+1.37 pg), MO
(5.21£2.00%) and high increase for NE
(48.84+7.86%) mean values. Mahmood et al.
(2013) related means values of 6.73£1.28 10%/uL
for RBC, 11.20+2.06 g/dL for HGB,
31.69+5.39% for HCT, 47.97+4.03 fl for MCV,
17.39+1.73 pg for MCH, and 36.02+0.97 for
MCHC. Shahzadi et al. (2014) reported the
following values in lactating buffaloes:
5.38+0.25 10%pL for RBC, 9.94+0.47 g/dL for
HGB, 8.32+0.78 10°/uL for WBC, 27.17+1.27 %
for HCT, 51.75+2.08 fl for MCV, 19.85+0.63 pg
for MCH, and 37.85+0.45 for MCHC. The
obtained values for the coefficient of variation,
for MCV and MCHC, were below that critical
threshold of 10%, indicated a very homogeneous
population, in cows. The coefficient of variation
calculated for RBC, HGB, HCT, MCH, and LY
was lower than 20%, expressing a homogeneous
population. For the WBC and NE, the coefficient
of variation was 27.12%, respectively 23.15%.
However, for the MO, the coefficient of variation
was  39.97% expressing a heterogeneous
population. The coefficient of variation
calculated for MCV, MCH, MCHC was lower
than 10%, expressing a very homogeneous
population, in buffaloes. For the RBC, HGB,
HTC, WBC, LY, and NE the coefficient of
variation was lower than 20%, expressing a
homogeneous population. For the MO, the
coefficient of variation was 38.39% expressing a
heterogeneous population. Results of the
urinalysis in lactating dairy cows and buffaloes
are shown in Table 3.

Table 3. Urine parameters in lactating dairy cows and buffaloes (twenty heads/group)

Parameters Group 1 Group 11 Reference References values
Cow Buffalo limits Kim et al., 2010 | Zanetti et al., 2008
Bilirubin, mg/dL Negative Negative Negative Negative
Urobilinogen, mg/dL Normally Normally Normally Negative
Ketones, mg/dL Negative Negative Negative Negative
Glucose, mg/dL Negative Negative Negative Negative
Protein, mg/dL 30 30 Negative Negative
Blood, Ery/uLl Negative Negative Negative Negative
pH 7-8 7-8 5-7 7.0-8.4
Nitrite Negative Negative Negative -

Leukocytes, Leu/uL Negative Negative Negative Negative

Specific gravity 1.020-1.030 1.010-1.025 1.015-1.025 1.020-1.040

Urine examination of healthy cows and
buffaloes showed that all the parameters were
within the normal physiological limits with
minor fluctuations for urine proteins (30
mg/dL). The obtained results are in agreement

with the obtained results by Kim et al., 2010
and Zanetti et al., 2008. Normally, no bilirubin
is detectable in the urine. Values of 0.5-1 mg/dL
bilirubin are indicated. Higher values of
bilirubin are associated with early liver damage
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or disease. Urobilinogen is normally present in
the urine in small quantity. Concentrations of >
2 mg/dL are considered to be pathological.
Raised levels may be due to cirrhosis, hepatitis,
hepatic necrosis and pernicious anaemia. The
presence of ketones in urine is called ketonuria.
Normally, the urine is free of ketones. Animals
in late pregnancy and early post parturition may
develop ketosis (pregnancy toxaemia), a severe
and sometimes fatal disorder. Ketonuria occurs
in diabetes mellitus and starvation, vomiting
and diarrhoea may also result in ketosis. Values
of 50 mg/dL acetone are indicated. Glucose
cannot be detected in the urine although small
amounts are secreted by the healthy kidney.
The presence of urine glucose is called
glucosuria. Pathologic glucosuria is associated
with milk fever in cattle. Values of 40 mg/dL
glucose are indicated. Protein in urine is most
frequently evaluated, which primarily assesses
the albumin content. Normally, no protein is
detectable in the urine (Radostis et al., 2008).
The presence of protein in urine is called
proteinuria. Pathological causes of proteinuria
include renal disease, urinary tract infections
and haematuria. Many diseases can contribute
to proteinuria because the inflammatory
response can cause glomerulonephritis (Darling
et al., 2009). Proteinuria may result from
glomerulonephropathy,  tubular  transport
defects, inflammation or infection within the
urinary tract. The increased protein level in the
urine might be due to acute nephritis or
inflammatory exudation resulting from pyelitis,
urethritis, cystitis and urolithiasis (Naghy,
2009). Values of 15 mg/dL albumine are
indicated. Blood (erythrocytes) in the urine can
be associated with haematuria. Values of
approximative 5 erythrocytes/uL are indicated.

Urine pH is a measurement of the kidneys
ability to conserve hydrogen ions. It is
influenced by diet, recent feeding, bacterial
infection, metabolic alkalosis, and urinary
retention. The urinary pH in normal cattle is
usually on the alkaline side and may range
from 7.4 to 8.4 (Mavangira et al., 2012). In
bovine obstructive urolithiasis, urine is usually
alkaline (Sharma et al., 2006). Nitrites are
formed by the breakdown of urinary nitrates.
The presence of nitrites suggests bacterial
infection such as  Escherichia  coli,
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Staphylococcus and Klebsiella. Values of 0.05-
0.1 mg/dL nitrite are indicated. Urine of
healthy animal’s do not contain any leucocytes.
Leucocytes in the urine are associated with
urinary tract infections. Values of 10-20
leuocytes/uL are indicated. Specific gravity is a
valuable test for renal disease (Parrah et al.,
2013). Urine with a specific gravity outside the
range 1.020-1.040 suggests alteration by the
renal tubules. High specific gravity (>1.045) is
associated ~ with  nephrotic syndrome,
dehydration, acute glomerulonephritis, heart
failure, liver failure. Low specific gravity
(<1.005) is associated with diabetes insipidus,
nephrogenic diabetes insipidus, acute tubular
necrosis, or pyelonephritis (Kraft and Diirr,
2005). Specific gravity in health varies with the
level of hydration and fluid intake. The range
of specific gravity of urine in normal cattle is
between 1.025-1.045 with an average of 1.035
(Kannan and Lawrence, 2010), and in
obstructive urolithiasis it ranges from 1.008 to
1.025 (Braun, 2006).

CONCLUSIONS

The obtained data revealed significant
differences for most blood parameters (p<0.01)
studied. Urine examination of lactating dairy
cows and buffaloes showed that all the
parameters studied were within the normal
physiological limits, with minor fluctuations
for protein level (30 mg/dl). These differences
are likely due to different feeding habit, diet
and metabolism. The obtained results could
serve as baseline information for comparison in
conditions of nutrient deficiency, physiology
and health status of dairy herd’s. Monitoring
the health of farm animal’s is useful to the
assessment of animal body status health and
welfare. The changes in blood and urine
constituents can reflect the physiological
condition, nutritional and pathological status of
dairy herds.
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Abstract

The study's objectives are based on the monitoring of ruminal pH and average daily gain (ADG) in Karakul of Botosani
lambs, following the addition of apple vinegar to ration. The study was conducted on a group of 90 weaned lambs. The
ration consisted 30% chopped natural hay and 70% feed concentrated. The lambs were divided into 3 equal batches:
control group (G1), experimental group (G2) at which ration was supplemented with 8 ml of apple vinegar/day/animal
and experimental group (G3) was supplemented with 12 ml of apple vinegar/day/animal. As a result of study, was
observed differences between the control group and the experimental groups. Thus at the batch Gl there was a daily
average increase of 260 g, at the batch G2 290 g and at G3 310 g. Control group (G1) showed an average ruminal pH
of 5,4 and experimental groups (G2, G3) an average of 5,9. There are differences between the groups studied through
variations of ruminal pH and ADG denoting that apple vinegar may have a potential influence.

Key words: apple vinegar, lambs, pH.
INTRODUCTION

Sheep have a physiological capacity for meat
production, which is a source of protein to feed
the people. Use of high-concentrate diets for
feedlot lambs will boost their efficiency, as the
ingredients that make up these diets typically
have high concentrations of digestible
constituents (INRA, 1988). The potential effect
of the reduction in the availability of forage is
catastrophic and, ultimately, livestock farmers
rely on concentrates and grains as a major
source of nutrients, which, in turn, reduces the
profitability of sheep farming. In this sense,
livestock farmers have started to use alternate
feeds, by-products and certain additives in
ruminant diets as a way of lowering feed costs
(Yénez-Ruiz, 2004). The vinegar has been used
for domestic and cooking purposes for decades.
In folk medicine, vinegars are known to be
perfect for various forms of health problems.
Vinegars are derived worldwide from various
sources of carbohydrate, including cane, corn,
rice, grapes, plums and other fruit juices
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(Barneveld, 1999). The famous and common
vinegar of today's whole food world is apple
vinegar (AV), which has been proclaimed to
have several different health benefits. AV is
produced from fermented apple juice, where
the bacteria and the yeast convert the fruit
sugars into ethanol cider and transform ethanol
into acetic acid in a second fermentation phase
(Barry and McNabb, 1999). Different theories
have been suggested to clarify the possible
health effects of AV (Archiméde et al., 2010;
Barneveld, 1999). Antiglycemic properties may
be due to slower gastric emptying, reduced
disaccharidase activity, enhanced insulin
sensitivity, or increased glycogen production
(Ogimoto and Imai, 1981). Acetic acid is the
dominant organic acid in AV. Succinic,
ascorbic, formic, citric and oxalic acids are
other acids present in AV (Barneveld, 1999).
The following processes have been proposed to
explain the lowering effects of acetic acid on
blood glucose levels, blood lipids, and BW:
tardy gastric emptying, decreased
disaccharidase  activity,  stimulation  of



adenosine monophosphate-activated protein
kinase (AMPK) pathway, increased insulin
secretion, enhanced postprandial satiety, and
decreased energy intake (Newbold et al., 2015).
A broad variety of feed additives has been
researched and implemented for the modulation
of rumen fermentation in the production of
sheep. In addition to supplying direct nutrients,
such as rumen-protected lysine,
supplementation of AV was a key nutritional
approach to modifying rumen function and
animal performance (Chai et al., 2015; Patra
and Saxena, 2011). Use of high-concentrate
diets, primarily grains, is increasingly frequent
in ruminant feed to increase body weight.
Nevertheless, this form of diet includes
carbohydrates that are readily fermentable in
rumen and raise the risk of disorders such as
ruminal acidosis and hepatic abscesses
(Abarghue et al., 2010; Dehority, 1984; Yafiez-
Ruiz, 2004). This disease is primarily attributed
to the excessive accumulation of organic acids
in rumen, which causes a decrease in ruminal
pH (< 5.8) and lesions in the gastrointestinal
barrier (Marie-Magdeleine et al., 2014,
Martinele et al.,, 2014). Ruminal acidity
contributes to the death of the Gram-negative
bacteria with the resulting release of endotoxins
(lipopolysaccharides, LPS), affecting the
productive performance of the animal (Haro et
al., 2019; Kamra, 2005).

MATERIALS AND METHODS

Animals and experimental design

The experiment was carried out between April
and June (2019) at a private farm from the
village Albesti, county Botosani, Romania. A
total of 90 weaned lambs, Karakul of Botosani
with average 25.5 kg body weight (bw) were
evaluated. The animals were divided in three
groups; each provided with food and water,
which consisted in various levels of apple
vinegar. In pre-experimental period, the
animals were respectively numbered with an
ear tag and then subject to the control of endo-
and ectoparasites with doramectin at 0.3 mg
kg! and immunized for clostridiosis
(Covexin®9). The experimental period lasted
70 days, with 30 days of adaptation and 40
days of the experiment period.

157

Forage chemical analysis

The determination of TMR (total mixed ratio),
was realized with the NIR Analyzer (Perten DA
7200). The diets were formulated supplying the
nutritional requirements for sheep within the
20-30 kg weight range for daily gains of over
250 g according to the recommendations of
NRC (2007). The TMR was made up of
chopped natural hay (30%), corn grain (58.8%),
soybean meal (8%), dicalcium phosphate
(0.05%), limestone (1.9%), bicarbonate
(0.75%) and premix mineral (0.5%). The
remnants of food were collected daily and
evaluated for chemical composition. Control
group (Gl) only benefited from TMR,
experimental group (G2) the ration was
supplemented with 8 ml of apple
vinegar/day/animal and experimental group
(G3) the ration was supplemented with 12 ml
of apple vinegar/day/animal. In every tenth day
of experimentation period all animals were
weighed for average daily gain (ADGQG)
determination and ruminal fluids (cca 20 ml)
were obtained 2-4 h after the morning feeding,
from three slaughter lambs randomly selected
from each treatment. Each container with
ruminal fluid was sealed, labelled and
transported to the laboratory, where the pH was
analyzed with the InoLab pH-meter. To
determine body weight, we used a weighing
"Platform scale". Lambs were weighed at the
beginning and end of the experimental phase
after a solid-feed starvation duration of 12 h
(water available ad libitum). The average daily
gain (ADG) was determined as the total weight
gain (TWG) over the feedlot duration divided
by the number of days of the experiment.

Statistical analysis

The results were analysis the ruminal pH and
average daily gain means were compared with
the Tukey test. Statistical calculations were
performed with the IBM SPSS V.22 software.

RESULTS AND DISCUSSIONS

During the 40 days of experiment, four
determinations were made (the ruminal pH and
the body weight were analyzed four times), the
observed results being recorded in Table 1 and
Figure 1.



Table 1. Average daily gain determination

First determination Second
(tenth day) determination

(twentieth day)

Third determination | Fourth determination

(thirtieth day) (fortieth day)

ELEMENT Mean Standard | Mean Standard
of AVG | deviation | of AVG | deviation

Mean | Standard | Mean | Standard p-
of AVG | deviation | of AVG | deviation | value

(€4} () () (®
Group 1 255 10.22 263 10.1 264 12.46 261 9.61 0.02
Group 2 281 7.93 299 9.45 286 8.5 294 8.45 0.013
Group 3 306 8.32 316 9.89 308 8.39 310 7.9 0.011

As can be seen in Table 1, at the first analysis,
performed on the tenth day of experiment, a
mean of average daily gain of 255 g was
recorded in the G group, 281 g in the G2
group and 306 g in the G3 group, these values
were similar to those previously reported by
Chai et al. (2015). Thus, significant differences
are observed regarding the average daily gain,
between the three groups taken in the study
right from the first analysis of the results. The
greater ADG in lambs from G2 and G3 group
results in the first determination. At the second
determination, a mean of average daily gain of
263 g in G1, 299 in G2 and 316 in G3 was
observed. On the thirtieth day of the
experiment, a mean of ADG of 264 g was
recorded in the control group, 286 in G2 and
308 in G3. Significant differences between the
three groups taken in the study are also
observed in the last determination, made on the
fortieth day of the experiment.

As an ultimate result of study, was observed
differences between the control group and the
experimental groups. Thus at the batch Gl
there was a daily average increase of 260 g, at
the batch G2 290 g and at G3 310 g. Values for

158

these parameter were in the range previously
reported by others for lambs which was fed
with high-cereal concentrates and slaughtered
at about 25-30 kg BW (Archimede et al., 2010;
Detmann et al., 2012; Patra and Saxena, 2011).
In the current study, the two groups had
comparable initial BW; however, final BW and
ADG was greater in the groups G2 and G3
compared with the control group, indicating
that lambs fed on the AV were more efficient in
converting nutrients to growth.

Ruminal pH is an important indicator of the
status of the ruminal microbial ecosystem in
ruminants (Guyader et al., 2014).

The pH of the rumen liquid sampled in this
study varied from 5.2 to 6.24, these values
being within below the normal physiological
range of 6.5-6.7 as outlined by Van Soest
(1994). In the control group, which did not
benefit from AV, a lower pH is observed than
in the other two groups. This low pH level (in
G1) can lead to ruminal acidosis and as can be
seen in Figure 1, AV acted as a buffer against
lowering the pH, keeping it within normal
limits.
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Figure 1. Ruminal pH variation in the three groups

Guyader et al. in 2014 indicated an optimum
ruminal pH value for methanogen growth is
between pH 6.0 and 7.5, with the maximum
growth rate of this microorganism occurring at
near-neutral pH, and a decrease in ruminal pH
results in slower methanogen growth and
reduced activity. In the cases of groups G2 and
G3, which benefited from 8 ml of apple
vinegar/day/animal, respectively 12 ml of apple
vinegar/day/animal, it is observed that the
ruminal pH remained constant between 5.8-6,
values considered normal by other researchers
(Gogmen et al., 2001; Heuzé et al., 2016).

CONCLUSIONS

In conclusion, when opting for the
administration of a high proportion of
concentrates, in order to fatten lambs, AV
contributes significantly to improving the
average daily gain by regulating the ruminal
pH, maintaining ruminal health. Ruminal pH
has a wide variety of effects on rumen
physiology  and  fermentation, include
methanogenesis. Ruminal pH is the result of
interactions between the production of organic
acids from microbial fermentation of feed, the
bicarbonate flow into the rumen from saliva
and the secretion through the ruminal
epithelium, the absorption and passage of
SCFA (short-chain fatty acid) and probably the
absorption of ammonia. There were small
differences between groups G2 and G3, so we
can conclude that an amount of 8-12 ml of
apple/day/animal vinegar is optimal for

159

maintaining the ruminal environment under
normal conditions. So we can see that apple
vinegar has a significant potential to regulate
ruminal pH and keep pH at normal values,
preventing the occurrence of possible rumen
disorders. The lambs in the groups that
benefited from the AV supplement (G2 and
G3) performed better than the animals in the
control group, with ADG having clearly
superior results.
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Abstract

Utilization of agricultural wastes and residues resulted from food industry in animal nutrition is a matter of great
concern nowadays. Dried citrus peel (DCP) and flax meal (FM) are potential sources of some valuable bioactive
nutrients for animals and poultry. This experiment was conducted to evaluate the effects of dietary supplementation of
FM used together with two different DCP: dried orange peel (DOP) and dried red grapefruit peel (DRGP) on few
breast meat quality traits of broiler chickens. One hundred-twenty broiler chicks (1 day old) were randomly allocated
to three groups for the starter phase (14 d) where they were fed with a standard diet. At day 14, they were individually
weighed (average 440.77 g) and homogenous assigned to three dietary treatments comprised of: basal diet (C) with 4%
FM, basal diet supplemented with 2% DOP and 4% FM (DOP) and basal diet supplemented with 2% DRGP and 4%
FM (DRGP), for both grower and finisher phases. At the end of the experiment (d 42) 6 broilers chicks/group were
slaughtered and samples of breast meat were collected, and assayed for chemical composition, texture profile analysis
(TPA), color parameter and fatty acid composition. Results of the present study indicated that use of FM together with
DOP and DRGP in broiler diets significantly (P < 0.05) improved the color and some texture parameters and didn't
affected the chemical composition or fatty acids from raw chicken breast meat.

Key words: food, fatty acids, citrus peel, texture parameters, meat color.

INTRODUCTION 2003). In addition, industrial ecology and

circular economy are considered leading
In recent years there has been an increasing principles for Eco-innovation, focusing on a
social and ecological pressure for the efficient "zero waste"” society and economy, where
reuse of residues from the food and agricultural waste can be used as raw materials (Mirabella
industry (Pfaltzgraff et al., 2013) due to the et al.,, 2014). A number of agro-industrial by-
global intensification of food production  products are generated from fresh Citrus fruits,
leading to the creation of large quantities of co- after the main products of interest have been
products and food waste (Waldron, 2007). The  removed or extracted during processing or
use of secondary agro-industrial by-products in ~ peeled for direct human consumption (Oluremi
the animal feed industry reduces the et al., 2007). Orange is a Citrus fruit consumed
environmental impact and improves in large quantities worldwide in the peeled
profitability and capitalization of agricultural = form and juice. During the production of
by-products, since feeding food residue to orange juice, large quantities of residues and
livestock is an efficient way to upgrade low  wastes (peel, pulp, seeds and whole orange
quality materials into high quality foods fruits that do not meet the quality requirements)
(Elferink et al., 2008). They are in line with  are generated (Rezzadori et al., 2012). The
current legislation that strongly encourages the same process takes place in the case of
food industry to find new uses for the resulting grapefruit. These wastes are generally available
by-products (Panouillé et al., 2007). Moreover, in large quantities during the Citrus season and
these unwanted materials represent a potential can therefore cause an environmental problem
serious pollution problem, a loss of biomass  because they have no productive use. From a
and valuable nutrients (Laufenberg et al, nutritional point of view, oranges are one of the
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most abundant sources of vitamin C,
carotenoids, flavonoids, essential oils, sugar,
fiber and some minerals (Niu et al., 2008).
Also, due to they're bioactive phytochemicals,
grapefruit has health promoting properties
(Chudnovskiy et al., 2014), flavonoids being
considered the most important Dbioactive
components present in grapefruit. Because of
these abundant carotenoids, they have a
positive effect on meat color and on some meat
quality parameters when texture profile
analysis (TPA) of the meat is tested. Regarding
the flax meal it is already very well known that
has an  increased  concentration  of
polyunsaturated fatty acids, especially a-
linolenic acid (Vlaicu et al.,, 2017). When
included in animal feeds, alone or in
combination with other residues/wastes/meals
it can improve the final product quality (Vlaicu
et al., 2017b).

In this context, the present paper presents the
potential usage of orange and red grapefruit
peel in combination with flax meal in diet of
broilers, regarding their effect on the raw breast
meat color, texture profile and fatty acids
composition.

MATERIALS AND METHODS

Experimental procedures were approved by the
Ethical Committee of the National Research
and Development Institute for Biology and
Animal Nutrition, in accordance with the
Romanian  legislation (Law  206/2004,
ordinance 28/31.08.2011, law 43/11.04.2014,
Directive 2010/63/EU).

Materials. Fresh citrus fruits (oranges and
grape fruits) were purchased from a local
market in Bucharest, Romania. The juice was
manually extracted with a press and the
remained peels were chopped with a knife and
spread on the floor at sun for drying. After
drying, the peels were milled to the powder in a
hammer mill with a 1-mm screen and stored in
eremitic bags at room temperature until used.

Animals, diets and experimental design. A
total of 120-day-old Ross 308 broiler chicks
were purchased from a local hatchery. The
broiler chicks were housed in an experimental
hall with floor rearing, under controlled
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microclimate. They were reared on permanent
litter of wood shaves (10-12 cm thick). The
light regimen was according to the breeding
guide, 23 h light/1 h dark. The day-old chicks
were fed during the starter period (1-14 days)
with a compound feed with corn, soybean meal
and gluten, having 20.56% crude protein and
3140.03 kcal/kg metabolizable energy. At 14
days of age, birds were weighed individually
and randomly divided into three equal
treatments as follows: commercial control diet
supplemented with 4% flax meal (C), a diet
containing 4% flax meal and 2% dried orange
peel (DOP), and a diet containing of 4% flax
meal and 2% dried red grapefruit peel (DRGP).
Diet was composed to meet the requirements
suggested by the National Research Council
(1994). The experimental feed and clean
drinking water were available ad [ibitum
throughout the experimental period.

Table 1. Ingredients of commercial diet for grower and
finisher phases (15-42 days)

Ingredient, % as fed-basis Grower % Finisher
Corn 35.50 39.34
Flax meal 4.00 4.00
Wheat 20.00 20.00
Soy meal 27.03 20.81
Gluten 4.00 6.00
Oil 420 4.70
Monocalcium phosphate 1.54 1.45
Calcium carbonate 1.40 1.33
Salt 0.36 0.33
Methionine 0.29 0.26
Lysine 041 0.48
Choline 0.05 0.05
Threonine 0.22 0.25
Premix for broilers 1.00 1.00
Total 100.00 100.00
Calculated analysis, %

Metabolizable energy, 3215,78
keal/kg 3126,76

Crude protein, % 21.5 20
Crude fat, % 6.34 6,86
Lysine, % 1.29 1.19
Methionine, % 0.63 0.39
Methionine + cysteine, % 0.99 0.94

*DCP were added to basal diet at the expense of ground corn in the
experimental diets.

**] kg premix vitamin-mineral contains: = 1.350.000 IU/kg vit. A;
300.000 TU/kg vit. D3; 2700 IU/kg vit. E; 200 mg/kg Vit. K; 200
mg/kg Vit. B1; 480 mg/kg Vit. B2; 1485 mg/kg pantothenic acid;
2700 mg/kg nicotinic acid; 300 mg/kg Vit. B6; 4 mg/kg Vit. B7;
100 mg/kg Vit. B9; 1.8 mg/kg Vit. B12; 2500 mg/kg Vit. C; 7190
mg/kg manganese; 6000 mg/kg iron; 600 mg/kg copper; 6000
mg/kg zinc; 50 mg/kg cobalt; 114 mg/kg iodine; 18 mg/kg
selenium; 50 g sodium monensin/kg.

By using a completely randomized design, the
experiment was conducted on 40 birds per
group. At the end of the trial, according to the
experimental protocol, 6 broiler chicks/group



were slaughtered and samples of breast were
collected in order to determine the proximate
composition, color parameters, texture profile
analysis (TPA) and the fatty acids composition
in the raw breast chicken meat.

Proximate composition. The basic chemical
composition analyses were determined on
samples dried at 65°C. Standardized methods
complying with Regulation (CE) 152/2009
(Sampling and analytical methods for the
official inspection of feeds) and ISO standards
were used to determine the nutrient
concentration. The dry matter (DM) was
determined with the gravimetric method
according to Regulation (CE) nr. 152/2009 and
standard SR ISO 6496:2001; the crude protein
(CP) was determined by the Kjeldahl method
according to Regulation (CE) nr. 152/2009 and
standard SR EN ISO 5983-2:2009; the crude fat
(EE) was determined by extraction in organic
solvents - the method complies with Regulation
(CE) nr. 152/2009 and standard SR EN ISO
6492:2001; the meat ash was determined by
calcinations at 5500 C (SR ISO 936, 2009).

Color determination. The breast raw meat
color was measured by means of the CIE-Lab
method, where L* (100 = white, 0 = black)
represents the brightness, and a* (+ red, -
green) and b* (+ yellow, - blue) are color
parameters.  The  determinations  were
performed using the Konica Minolta Chroma
Meter CR-400 device. Lightness (L*), redness
(a*), and yellowness (b*) values were obtained
using an average value from three repeated
measurements taken at different locations on
the surface of the meat.

Negative a* and b* values indicate the
appearance of green and blue color of the meat.
The instrument was calibrated with a white
calibration before the measurements. The total
color difference AE* was determined with the
next formula:

AE" = (ALY +(Ad") +(Ab')

where:
* * *
AL =L sample ~ L control
* . * *
Aa = d sample = @ control

* * *
Ab =b sample ~ b control
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L* = luminosity; a* = saturation index in
(green/red) and b* = saturation index in
(blue/yellow).

Warner-Bratzler shear test. This test

measures the force (Newtons) necessary to
shear a piece of meat. The analyses were
carried out on raw chicken breast samples. The
meat samples were cut from the breast so that
the cross-section measures 20 mm and the
muscle fibers are parallel to the length of the
sample which was at least 40 mm. The
cutting/shearing plane is perpendicular to the
muscle fibers. Cutting/shearing test allows to
determine the hardness (firmness) of the tissue.
Parameter L that is measured is the maximum
shear force (highest point on the curve) (N)
which indicates the maximum shear strength of
the sample. Load cell: 10 kg; Warner-Bratzler
shear blade with a triangular slot cutting edge
(triangular shear devices). Setting parameter:
sample height: 50 mm, starting distance from
sample: 5 mm, compression, 60 mm, initial
speed: 1.5 mm/s; test speed: 1.5 mm/s; retract
speed, 10 mm/s; trigger force, 40 g; date rat:
200 pps. The parameter recorded was the
maximum shear force, that is the highest peak
of the curve, which is the maximum resistance
of the sample to shearing. Each sample was
assessed 3 times.

Texture Profile Analysis (TPA). The TPA test
simulates the biting action in the mouth. It
consists of a 2-cycle compression test. Here the
sample should have a smooth level surface with
a diameter smaller than the flat faced
cylindrical probe. This test gives the textural
parameters of  tenderness (hardness),
adhesiveness, springiness,  cohesiveness,
chewiness and gumminess. It was determined
by using a texture analyzer, Perten TVT 6700
texturometer, from Perten Instruments and a
TexCalc 5 software. The TPA parameters of
raw chicken breast meat was evaluated as
described by Bourne (1978). Three cylinders of
10 mm height and 10.30 mm diameter were
prepared from every sample. A double
compression cycle test was performed up to
50% compression of the original portion height
with a stainless-steel cylinder probe of 20 mm
diameter. A time of 5 s was allowed to elapse
between the two compression cycles. Force-



time deformation curves were obtained with a
10 kg load cell applied at a cross-head, speed of
2 mm/s. The data obtained from TPA curve
were used for the calculation of textural
parameters. Among the TPA parameters,
hardness (N) is expressed as maximum force
for the first compression. Adhesiveness (N x s),
is expressed as negative force area for the first
bite or the work necessary to pull the
compressing plunger away from the sample.
Springiness (m), ability of the sample to
recover its original form after deforming force
was removed and is calculated as the ratio of
the time from the start of the second area up to
the second sample reversal over the time
between the start of the first area and the first
sample reversal. Cohesiveness is a measure of
the degree of difficulty in breaking down the
samples internal structure. Gumminess and
chewiness have been reported as products of

hardness, cohesiveness. Chewiness is
calculated as hardness X cohesiveness X
springiness.  Resilience reflects the re-

deformation capacity of samples tissue after
penetration.

Fatty acid composition. Fatty acids
composition from meat samples was
determined by gas chromatography. After lipid
extraction from the samples, the fatty acids
were transformed into methyl esters by
transmethylation, and the components were
separated in the capillary chromatograph
column. The fatty acids (FA) were determined
by gas chromatography by transforming the
fatty acids from the sample in methyl esters,
followed by component separation in capillary
column, identification by comparison with
standard chromatograms and quantitative
determination of the fatty acids according to SR
CEN ISO/TS 17764 -2: 2008, using Perkin
Elmer Clarus 500 gas chromatograph, with
capillary column injection system, high polarity
stationary phase (BPX70: 60 m x 0.25 mm
inner diameter and 0.25pum thick film).

Statistical analysis. The analytical data were
compared by variance analysis (ANOVA)
using Stat View for Windows (SAS, version
6.0). The difference between the means was
considered significant at P<0.05. The results
were expressed as mean + standard deviation.

164

RESULTS AND DISCUSSIONS

In order to determine the quality of the raw
chicken meat, the breast samples were analyzed
to determine their proximate chemical
composition (Table 2). From the data obtained
it can be observed that the samples collected
from group DRGP (4% FM and 2% DRGP),
had the highest concentration of fat, being with
32.19% higher than group C and with 26.88%
higher than DOP group. The same differences
were also found in the analysis of DM, CP and
Ash. Mourao et al. (2008) determined the
chemical composition of some carcass traits by
using 5% Citrus peels and he obtained similar
values regarding the CP (22.90%) and DM
(33.20%) in raw chicken meat. According to
same authors, when the Citrus supplement was
increased at 10% in the broilers diet, the results
of proximate analyses had higher values.

Table 2. Proximate composition of raw breast meat

Item C DOP DRGP
2/100 g DM
DM 25.79 26.43 27.40
oM 24.72 25.24 26.18
CpP 22.56 22.87 23.29
EE 2.17 2.34 3.20
ASH 1.07 1.19 1.21

Where: DM = dry matter; OM = organic matter; CP = crude protein;
EE - ether extractives; Ash.

Color parameters of the raw breast meat
samples are shown in Table 3. Incorporation of
DOP and DRGP in broiler diets had a
significant impact on the color profile. Color
parameter L* measured for chicken breast meat
shows insignificant color variations in
experimental groups compared to C group. The
luminosity of the chicken breast meat from
group DRGP, where the feed was
supplemented with 2%  grapefruit peel,
decreased (P<0.05) significantly compared to
that of group C. A significant increase (P>0.05)
of the luminosity compared to the value of
group C occurred in DOP where the chicken
feed was supplemented with orange peels. The
increase of the parameter a* in the DOP group
indicates the intensification of the red color of
the breast meat. Also, a significant decrease in
yellow (b*) shows the chicken breast meat
from DRGP group, followed by DOP group.



Table 3. Color parameters of the raw breast chicken meat
samples in relation to the DCP added in broiler diet

Group L* a* b* AE*

C 54.34 £4.09* 222+£237* 13.44+£2.49*  0.00
DOP 54.01 £1.19° 2.61+1.88" 12,64 £1.63* 095
DRGP 51.30 +3.50° 1.21+0.81° 10.78 £1.67°  4.16

Means within a row with no common superscript differ (P < 0.05).

The chicken breast has a less intense yellowish
hue when supplementing the chicken with
grapefruit peel, which intensifies when
supplementing the feed with orange peel
(DRGP). Overall, the data showed a reduction
of breast meat yellowness in animals
consuming DRGP, showing that the usually
undesirable yellow tones in the meat were less
developed. This observation could be due to
low levels of yellow bioactive molecules in
grapefruit peel, which could reduce intestinal
absorption of pigments. Castafieda et al. (2005)
demonstrated that differential absorption of
pigments may lead to differences in skin or
meat pigmentation. Garrett et al. (1999) stated
that the pigment solubilization and subsequent
absorption in the intestine occurs with the lipid
phase, because soluble fibers negatively affect
fat digestion and absorption of lipid soluble
pigments. In contrast, diets with 2% DOP
significantly (P < 0.05) increased the yellow
and red color of broiler breast meat. The
yellowness in breast chicken meat is a good
indicator of the xanthophylls content (up to
90% of total carotenoids in some cultivars,
Rodrigo et al., 2013) of the ingested feed
(Pérez-Vendrell et al, 2001). Oranges
compared to other Citrus are a good source of
carotenoids and vitamin C (Rodrigo et al.,
2013). Therefore, the more intense yellow
tones of broiler meat from the DOP diet
suggest a higher intake of yellow pigments,
which may result from the intrinsic richness of
it bioactive compounds peels. The addition of
2% DOP to the broilers diet improved the
breast meat color while 2% DRGP had a visible
total color difference (AE > 2). Zivkovié et al.
(2017) stated that the use of 6% linseed in
COBB 500 broilers diet had effect on the breast
meat color (P < 0.05). Same authors stated that
the sex of animals influenced the breast color
when male chickens were compared with
females, they had statistically significantly
lighter breast meat.

The textural properties of the Citrus effect
supplement on raw breast meat samples
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analyzed with Warner-Bratzler are presented in
Figure 1. The Warner-Bratzler Shear Force
values ranged from 40.95 N (DOP group) to
4741 N (C group). Between C and DOP
samples Warner-Bratzler, significantly (P <
0.05) decreased. As it can be observed from the
Figure 1, the firmness (N) is corelated with the
cutting/shearing. This aspect may be caused
due to denaturation of both myofibrillar
proteins and connective tissue from the samples
(Wheeler et al.,, 1997). Usually firmness of
meat decrease after 10 h, because of
mechanical stability of raw meat (firmness)
which is mainly influenced by its content of the
connective tissues and by the length and
integrity of the sarcomeres (Belk et al., 2001).
According to GroBklaus (1979), the content of
connective tissues in broiler breast meat
without the skin is almost negligible. Early
changes in firmness could be caused by the
state of contraction of the sarcomeres, which
are changing the length in the rigor mortis
stadium. Honikel et al. (1986) have
demonstrated this phenomenon for meat from
other species.

47,41
50 i
5 4005 4271
40
Z 35 29,67
30 25,21/\25,39
25
20
0 1 2 3 4

—&—Firmness —@&— Cutting

Figure 1. The textural properties of raw breast chicken
meat samples after Warner-Bratzler test was applied

Regarding the TPA obtained after the tests
were applied, it can be observed that in
experimental groups (DOP and DRGP), the
samples from raw breast meat had a significant
(P < 0.05) higher level of hardness (firmness),
compared to C group (Figure 2). The
modifications for gumminess and cohesiveness
(Figure 3) are insignificant, the variations of
this parameters being very small. The values
for springiness of raw breast meat samples
were between 2.70 and 2.98. This parameter is
important because is correlated with chewiness
and has as a target older people. Furthermore,
the resilience (Figure 4) had almost similar



values in all groups. The differences between
the wvalues of the groups were almost
insignificant (P <0.2027).

120

99,67 99,77

100

80

60

40

20

0 0,5 1 15 2 25 3 35
—@— Hardness —@— Gumminess

Figure 2. Hardness and gumminess of raw breast
chicken meat (N)
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Figure 3. Springiness and Cohesiveness of raw breast
chicken meat (adm)
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Figure 4. Resilience of raw breast chicken meat (%)

The quality of meat is determined by a number
of factors that affect palatability (tenderness,
juiciness and flavor). Such factors include the
degree of maturity, color of lean, texture, and
finally the degree and distribution of marbling
(Caine et al., 2003). The determining factors
for meat quality however, are multi-factorial
and complex. This is because of the highly
organized and complex structure of muscle
tissue and the various processes the raw meat
will undergo such as slaughter methods, storage
time, storage temperature (freezing, chilling),
amongst others all of which will affect the final
texture. De Avilla et al. (2014) stated that meat
hardness can be influenced by the fat content in
the tissue muscles, which in our case the fat
content in the samples was between 2.14 (C)
and 3.20 (DRGP). Also, the springiness
parameter in more likely in general to be
affected. In our case the DOP group had
slightly lower values compared to other two
groups.

Tenderness can vary from animal to animal,
from muscle to muscle within an animal, and
from area to area within a muscle (Bourne,
1978), and is further affected by the processing
treatment applied to the animals.

Fatty acid composition of raw breast meat from
chickens fed diets containing 4% flax meal and
2% orange peel or 2% grapefruit peel at same
level are presented in Table 4. The predominant
fatty acids in chicken breast in all treatments
were palmitic (16:0) and stearic (18:0) acids as
SFA, oleic acid (18:1) as monounsaturated fatty
acid (MUFA), and linoleic (18:2n-6) and
arachidonic (20:4n-6) acids as PUFA. These
effects could be caused by the use of
supplements and the level of inclusion in diet.
At 4% FM and 2% DCP incorporation rate, a
significantly increase (P < 0.05) in the sum of
MUFA in relation to the C was observed,
whereas the levels of PUFA and SFA have
maintained close values in relation to the C
sample of raw breast meat.



Table 4. Fatty acid composition of raw breast meat from broilers fed DCP

Fatty acids C DOP DRGP SEM P-value
2/100 g total fatty acids
C8:0 0.06* 0.052 0.03° 0.005 0.0569
C 10:0 0.02 0.03 0.03 0.002 0.2220
C12:0 0.08* 0.03° 0.05¢ 0.006 0.0006
C 14:0 0.51 0.55 0.56 0.008 0.6339
C14:1 0.08 0.11 0.12 0.008 0.1214
C15:0 0.47 0.43 0.37 0.023 0.1991
C15:1 0.15 0.20 0.17 0.017 0.5384
C 16:0 18.93 19.54 20.25 0.373 0.3736
Cc16:1 2.87° 3.46 4.01° 0.203 0.0640
C17:0 0.16 0.17 0.17 0.004 0.7747
C17:1 0.152 0.13 0.10° 0.009 0.0243
C 18:0 7.09* 6.42 6.06° 0.177 0.0433
C 18:1n9¢c 32.73% 34.98° 34.79° 0.412 0.0363
C 18:2n6 27.77 26.54 26.37 0.557 0.5603
C 18:3n6 0.15 0.15 0.14 0.008 0.6709
C 18:3n3 1.92 1.81 1.86 0.050 0.6995
C18:2 0.25 0.21 0.19 0.014 0.2702
C 18:4n3 0.36" 0.552 0.542 0.026 0.0002
C 20:2n6 0.18 0.24 0.19 0.021 0.4583
C 20:3n6 0.60 0.46 0.47 0.035 0.2376
C22 (1n9) 0.07¢ 0.06 0.04° 0.004 0.3249
C20:3n3 0.48° 0.37 0.31° 0.031 0.5643
C20:(4n6) 2.19° 1.38% 1.29% 0.160 0.0291
C22:(2n6) 0.24 0.26 0.17° 0.018 0.0953
C22:(3n6) 0.17 0.122 0.19° 0.014 0.0593
C20:5n3 0.23 0.23 0.20 0.009 0.1685
C24:0 0.26 0.26 0.23 0.011 0.2931
C24:1n9 0.73% 0.452 0.36* 0.059 0.0156
C22 (4n6) 0.16° 0.09* 0.08* 0.015 0.0389
C22:5n3 0.352 0.232 0.24 0.025 0.0703
C 22:6n3 0.27° 0.18 0.19* 0.16 0.0329
Others 0.17 0.13 0.10 0.015 0.1500
Raw breast meat fatty acids profile (% of total FAMEs)
SFA 27.62 27.53 27.81 0.341 0.9520
MUFA 36.82° 39.41* 39.61* 0.545 0.0559
PUFA, from which: 35.38 32.90 32.47 0.789 0.2812
Q:3 3.63 3.39 3.34 0.085 0.3398
Q:6 31.50 29.29 28.94 0.708 0.2938
Q:6/Q:3 8.68 8.63 8.64 0.072 0.9706

Where: *Means within a row with no common superscript differ (P < 0.05).
**SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.

The inclusion of 2% DCP had a marked effect
on the fatty acid profile of broiler raw breast
meat. The modification involves increasing of
palmitic and oleic acids and a decrease of some
n-3 and n-6 fatty acid precursors of PUFA
especially in DRGP FM group. The a-linolenic
fatty acid, had close values in all three groups
and it wasn't influenced. These changes do not
seem to be related with dietary contribution of
both FM and DCP supplements. Both citrus
peels have low fatty acid content, although the
concentration of linolenic acid (in % of total
fatty acids) is consistently low (about 6%)
(Murao et al., 2008) and very variable in flax

meals (30 to 60%) (Vlaicu et al., 2018; Turcu et
al., 2019). But because FM was added at the
same level (4%) in all three diets we did not
find any differences between  groups.
Moreover, most of some structural lipids of
DCP are probably not available for absorption,
requiring fibrolytic fermentation, which is not
possible in the upper compartments of the
broiler digestive tract. Overall, the changes
observed in fatty acid profile of chicken breast
meat reported here most possibly result from
the inhibition of de novo lipid synthesis (lower
16:0 and 18:1n-9) with an increase in
proportion of exogenous fatty acids, mainly
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linoleic acid, abundant in the broiler diets
(Richards et al., 2003). Islam et al. (2012)
stated that the citrus peel oil is rich in oleic acid
(57.2 %), palmitic acid (38.6 %), stearic acid
(4.1 %), which was reflected also in the meat
samples from our study. According to Liu et al.
(2012) the major fatty acid profiles in juice are
identical in orange and grapefruit. Flax meal is
a good source of n-3 fatty acids (Panaite et al.,
2019; Vlaicu et al., 2019), but the levels of
these fatty acids in breast meat from broiler
chicken were not influenced among the
treatments. Therefore, the n-6/n-3 ratio of
chicken breast meat was not affected by the
intake of DCP or FM. At the same time, the
levels of the other nutritionally important n-3
fatty acids in meat, particularly of DPA and
DHA, were not affected by the citrus peel or
flax meal intake. Lopez-Ferrer et al. (2001)
stated that the levels of the above-mentioned
fatty acids in broiler meat are much lower when
compared with the percentages of the long-
chain n-3 fatty acids reported in meat
originated in birds supplemented with 2 to 4%
of fish oil. Therefore, these results suggest that
supplementation of broiler diets with DCP at a
level of 2%, is unable to improve the n-3 fatty
acids of raw broiler meat.

CONCLUSIONS

Supplementation with 2% dried citrus peel and
4% flax meal in diets for broiler chickens were
effective in coloring the raw breast meat with
more intense yellow tones. The results
regarding the impact of flax meal used together
with citrus peel, suggest that changed the levels
of meat fatty acid profiles, by increasing
MUFA and the palmitic acid and decreasing the
predominance of total n-6 PUFA. Regarding
the texture profile analysis, it seems that
hardness and resilience of meat was higher
compared to C group samples. These could be a
positive effect, but usually it depends on the
consumer preference which is usually based on
different age of consumers.
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Abstract

Sentul chicken is a specific local chicken from the Ciamis region in West Java and can be used for egg and meat
production. The continuous use of antibiotics for maintenance to prevent and treat diseases in Sentul chickens can
cause residues in chicken meat. To reduce the use of antibiotics, it is necessary to find natural antibiotics derived from
herbal plants such as mangosteen peel extract (MPE), containing xanthone compounds like antioxidants, which used to
prevent free radicals. The study aimed to determine the effect of adding MPE in rations as a feed additive to get ASUH
chicken meat. This study used 100 days-old Sentul chicks that were kept for 12 weeks in the litter system. The design
used was CRD with 4 treatment levels of MPE, 41 ml/kg ration, 81 ml/kg ration and 122 ml/kg ration and repeated 5
times. The results showed that the addition of MPE in the ration could have a positive impact on the growth of Sentul
chickens and internal organs to produce healthy chicken meat, low in cholesterol so that safe for consumption.

Key words: feed additive, mangosteen peel extract (MPE), Sentul chicken, ASUH meat.

INTRODUCTION

Sentul chicken is a specific local chicken from
Ciamis region in West Java and a dual- purpose
type that can utilized for eggs and meat
production. They can adapt to the environment,
and it remains productive even though their
diets are low of quality. The fur is arranged
neatly on its chest like dragon scales, and the
colour of its scales is grey, white or yellow
(Sartika and Iskandar, 2008; Widjastuti et al.,
2017). In another way, this bird is very good to
genetically improve chicken meat breeds,
because has a compact body and white skin
colour. Efforts can be made so that chickens
can produce optimally, usually by using
antibiotics. The use of antibiotics continuously
for maintenance to prevent and treat disease in
Sentul chicken can lead residues in chicken
meat. One alternative method is the use of
herbs, one of which is the mangosteen peel.
Mangosteen skin is the biggest component of
mangosteen fruit with a yield of 65%
(Chaovanalikit et al, 2012). It contains a
secondary metabolic mixture that is xanthones,
and the most abundant content is alpha
mangostin (Dermawan et al., 2019). The
nutritional content contained in mangosteen
peel is 62.05% water, 1.01% ash, 0.63% fat,
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0.71% protein, 1.17% total sugar, and 35.61%
carbohydrates. The inclusion of mangosteen
peel in the diet is a problem because of its
antinutrient content in the form of tannins.
High tannin content will inhibit the absorption
of feed and chicken growth. To reduce tannin
levels in the mangosteen peel, extraction
procedures must be carried out. Extraction is
the process of separating solid or liquid
materials with the help of solvents. The process
of extracting the peel of mangosteen fruit to
obtain antioxidant substances usually use a
maceration process, which is a simple
extraction method to extract simplified
containing soluble chemical components in the
solvent fluid (Do et al., 2014). Mangosteen peel
contains xanthones of 107.76 mg per 100 g. In
addition, mangosteen peel functions as an
antitumoral, anti-inflammatory, antiallergic,
antibacterial, antifungal and antiviral agent
(Gondokesumo et al., 2019) as well as being
able to improve the blood lipid profile
(Watanabe et al., 2018). Xanthone compounds
as antioxidants can be used to prevent free
radicals. Free radicals are compounds which
contain one or more unpaired electrons, so they
are very reactive, and xanthone can improve
the structures of intestinal villi in the process of
nutrient absorption. In accordance with the



opinion of Velmurugan, and Citarasu (2010)
antibacterial herbs are able to suppress the
growth of pathogenic bacteria in the intestine.
These free radicals can cause metabolite
disorders and cause stress to livestock. The
emergence of stress in poultry can be a trigger
for the emergence of various diseases. This will
affect the disruption of the consumption
process and result in a decrease in meat quality.
From some research results it can be calculated,
the needs for antioxidant in the ration is
considered based on the content of
polyunsaturated fatty acids, every 1% of
polyunsaturated fatty acids required 30 IU/kg
of vitamin E rations as antioxidant or 30 ppm in
the form (DL-a-Tocopheryl acetat) (Lesson and
Summers, 2005). Based on the calculation of
antioxidant requirements in the ration which is
equivalent to vitamin E (DL-oc-Tocopheryl
acetate) around 80 ppm, assuming xanthone
content in mangosteen peel extract 97.68
ml/100 ml (Erlina, 2008), so the need for
mangosteen peel extract in the ration is around
81 ml/kg ration (80 ppm xanthones).

The addition of MPE to Sentul Chicken ration
is expected to improve health and growth in
livestock, as well as produce high final body
weight which can further produce ASUH
chicken meat. The aim of the study was to
determine the effect of adding MPE in rations
as a feed additive to get ASUH chicken meat.

MATERIALS AND METHODS

Experimental design

This study was designed in Completely
Randomized Design (CRD). The study used
100 days old chicks of Sentul divided into 4
groups and each group is repeated 5 times.
Each cage contains 5 chickens which
maintained until the age of 12 weeks. The
coefficient value of variation of initial body
weight of chicken equal to 9.47. The treatment
consisted of the use of mangosteen peel extract
(MPE), ie: PO = 0 ml MPE/kg ration; P1 = 41
ml MPE/kg ration (40 ppm xanthones); P2 = 81
ml MPE/kg ration (80 ppm xanthones); and P3
= 122 ml MPE/kg ration (120 ppm xanthones)
The feed and water were provided ad libitum.
The local ingredients used to produce the diets
and the energy metabolism and protein needs
were formulated based on Widjastuti (1996)
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diet formulation for Sentul chicken. The feed
ingredients of the ration comprised of yellow
corn (56.00%), rice bran (21.50%), fish meal
(9.25%), soybean meal (12.00%), bone meal
(0.75%), and CaCOs (0.50%). Rations were
prepared based on protein and metabolic
energy requirements for the local chicken
growth phase, ie. 17% protein and 2850
kcal/kg.

Chicken Slaughter Process

Each cage unit is randomly taken 1 chicken at
the age of 12 weeks, so the total number of
chickens is 20. Chickens to be slaughtered are
fastened for 12 hours. Weigh the weight of
chickens at the age of 12 weeks as life weight.
Processing of MPE (modification of Rismana
etal., 2014)

Extraction of mangosteen peel is done by
maceration with 96% ethanol solvent for 2 x 24
hours, the Maserat is then filtered and the
obtained filtrate is concentrated with a rotary
evaporator to get the thick mangosteen peel
extract, then the sample is extracted dried using
a freeze dryer to obtain mangosteen peel extract
and as were done in the research Central
laboratory of the University of Padjadjaran.
Small Intestine Morphometry

Jejunum samples were collected from the small
intestine of Sentul chicken in each treatment
group. The samples were washed in
physiological NaCl, then fixed in Bouin
solution for 2 days. The samples were
dehydrated in alcohol with different
concentrations for 30 min each i.e. 70, 80, 90
and 100%. Afterward, the samples were
cleaned using xylol and alcohol 100% 3 times
for 5 and were then infiltrated in an oven at
please explain using xylol and paraffin
solutions in the ratio of 3:1. 1:1, 0:1 in
sequences for 15 min. Samples were prepared
using standard paraffin embedding procedures
by sectioning at 6-8 cm thickness and kept for 1
day. The samples were then stained by
Haematoxylin-Eosin. In the end, the sample
was covered with a mounting agent and viewed
under the microscope and then counted the
number of villi, villi height and width.

Data analyses

Analysis of variance was applied to the data
using statistical package program of SPSS
version 19. Significantly different means were
separated by a Duncan’s multiple comparison



test at 0.05 levels. The variables observed were
carcass weight, abdominal fat, meat cholesterol
content, and effects on liver, gizzard and
chicken intestine.

RESULTS AND DISCUSSIONS

The effect of adding mangosteen peel extract
(MPE) in the ration on final weight, carcass
weight, abdominal fat, and cholesterol of
Sentul chicken meat can be seen in Table 1 and
Figure 1.

Table 1. The average of final weight, carcass weight,
abdominal fat weight, and meat cholesterol

Variable PO P1 P2 P3

Final weight (g)

71325a | 818.00b | 836.75b | 808.25b
Carcass weight
(2) 405.50a | 540.25b | 579.50b | 561.75b
Abdominal fat
weight (g) 220a | 238a | 250a | 255a
Meat cholesterol
(mg/lOOg) 6347 a 59.09 a 59.20b | 5435b

Note: The same letter to the line shows no significant difference.

Final Weight

The results of statistical analysis (Table 1)
show the final weight that the addition of
mangosteen peel extract increases the final
weight, this is because the xanthones content in
MPE can work optimally as an antioxidant and
prevent free radicals in Sentul hen's body. In
accordance with the opinion of Zaboli et al.
(2013) antioxidants convert free radicals into
relatively stable compounds and stop the chain
reaction from free radical damage that will
have an impact on the growth rate of chickens.
MPE supplementation at optimal dosages can
help in the digestion process by improving the
structure of intestinal villi in the process of
absorption or absorption of feed nutritive
substances and able to suppress the growth of
pathogenic bacteria in the intestine, according
to the opinion of Velmurugan and Citarasu
(2010) which states that mangosteen skin
contains xanthone compounds as antioxidants,
antiviral, antifungal and antimicrobial which is
thought to be able to improve the structures of
intestinal villi in the process of absorption of
nutrients and able to suppress the growth of
pathogenic bacteria in the intestine so as to
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increase body weight growth. This condition
causes the surface area of the small intestine
villi to become wider so that the absorption of
nutrients can take place well. The anti-bacterial
properties of MPE can affect the walls and cell
membranes of pathogenic bacteria undergoing
protein denaturation and eventually their
growth is inhibited. The growth of pathogenic
bacteria which is blocked will increase the
bacterial population so that the digestibility and
absorption of nutrients becomes more maximal
which in turn will increase the final weight
Carcass Weight

Average carcass weights can be seen in Table
1. The results of the analysis showed that the
MPE in the ration were significant difference
(P<0.05) to the carcass weight. This is in line
with the Final weight which is also
significantly affected by the increased use of
MPE in the ration. Widjastuti et al. (2019)
stated that the carcass production closely
related to the final weight, the more the life
weight increased, the carcass production also
increased. Antioxidant compounds in MPE can
convert free radicals into compounds that are
relatively stable and can stop chain reactions
from damage caused by free radicals that will
have an impact on the growth rate of chickens,
ultimately increasing the final weight and
carcass weight (Zaboldi et al., 2013).
Abdominal fat

The average abdominal fat can be seen in Table
1. The average abdominal fat Sentul chicken
research results ranged from 2.20 grams to 2.55
grams. The results of the analysis showed that
the addition of MPE in the ration did not
significantly affect abdominal fat (P>0.05). The
resulting abdominal fat weight is related to
ration consumption. Statistical results showed
that the addition of MPE in the ration did not
have a significant effect (P>0.05) on feed
consumption. The addition of mangosteen peel
extract does not reduce palatability, this is due
to the existence of MPE extraction treatment
with ethanol solvent which can reduce tannin
levels so that the bitter taste and distinctive
odor of mangosteen peel decreases.
Consumption of the same ration between
treatments proved that energy consumption and
crude fat content consumed were relatively the
same, so there was no excess energy
accumulated in the form of abdominal fat.



Another reason that causes abdominal fat
content is relatively the same is because Sentul
chicken aged 12 weeks in a period of rapid
growth. At this age, fat has not formed much
because the absorbed food substances are still
used first for pure growth, or in other words all
the protein consumed is still concentrated for
growth so that very little protein is piled up as
abdominal fat.

Meat cholesterol

From Table 1 it can be seen that the content of
Sentul chicken meat cholesterol decreases with
the addition of MPE in the ration. Cholesterol
reduction in the treatment of P1, P2 and P3 is
desecrated. This is caused by Dbioactive
xanthone and polyphenol compounds which
can inhibit or suppress the HMG-CoA
reductase enzyme which acts as a catalyst for
the process of cholesterol biosynthesis and
prevents increased secretion of bile salts
thereby inhibiting cholesterol formation.
According to Reynertson (2007) the addition of

the right MPE can reduce inflammation and be
able to capture free radicals or oxygen
compounds effectively and will ultimately
inhibit cholesterol synthesis. According to
Adriani et al. (2014), compound xanthone is
able to inhibit the process of cholesterogenesis
in the squalene stage before it becomes choles-
terol by inhibiting the synthesis of endogenous
cholesterol and inhibiting the enzyme HMG
Co-A reductase which acts as an intermediary
for the synthesis of mevalonate which
eventually becomes cholesterol. Polyphenol
compounds in the addition of MPE can reduce
total cholesterol levels by polyphenols bind to
cholesterol so that cholesterol is absorbed
slightly, while the remaining cholesterol that is
not absorbed is secreted through feces
(Yokozawa et al., 2002). The saponin content
in MPE is also lipophilic which is able to
dissolve fat and emulsion which can reduce
chicken blood cholesterol due to
hypercholesterolemia (Adriani et al., 2018).
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Figure 1. Average of final weight, carcass weight, abdominal fat weight, and meat cholesterol

Effects of addition of MPE on average liver,
gizzard and jejunal morphometry of Sentul
chicken
The results of average liver, gizzard and jejunal
morphometry are presented in Table 2 and
Figure 2.

Table 2. Effect of MPE on liver, gizzard and jejunal
morphometry in Sentul chicken

Variable PO Pl P2 P3

Gizzard

weight 23.25a 2335 26.75 28.00 a
a a

(8

Heart

weight 28.25a | 2622a | 2595a | 2535a

(8)

Number 3la 35b 40b 42b
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of villi
(unit)
Villi
height
(um)
Top
width
(um)
Bottom
width
(um)

Note: The same letter to the line shows no significant difference.

400.32a | 493.27b | 467.97b | 486.02b

133.30a | 153.09b | 171.02 | 177.78b

143.04a | 179.45b | 253.26b | 200.58b

There was no significant (P>0.05) effect of
using MPE as feed additive in the diet of Sentul
chicken on liver weight and gizzard weight.
This is because the levels of crude fiber and
tannin on the mangosteen peel after undergoing



the extraction process decreases the crude fiber
thereby reducing the work of the gizzard and
the liver. According to Dedi Setiadi et al.
(2012), the size of the gizzard is influenced by
its activity. Gizzard muscle activity will occur
when foods containing high crude fiber into it.
The results of the study of adding MPE in the
basal ration had a significant effect (P<0.05) on
the number of intestinal villi. The P2 and P3
treatments had the most number of villi. This
shows that there is a widening in the width of
the upper and lower surfaces of the villi, thus
indicating that the performance of the villi in
the small intestine tends to be active which is

600

49327
500
400,32
400
300
200 179 45
133,1543,04

100
712,373 31 23,5526,22 3
0

PO

m Gizard weight (g) ®Heart weight (g)

found in the treatment group receiving MPE at
the level of 81-122 ml/kg ration. The condition
is caused by xanthones in P2 and P3 treatments
which have an effective role in stimulating the
development of intestinal villi size so that it
affects the process of intestinal activation in
digestion and absorption of nutrients.
Increasing the villus width and the number
suggests an increased surface area capable of
greater absorption of available nutrients.

In accordance with the opinion of Natsir et al.
(2016) and Rahmawati (2016), poultry feed
containing herbs will affect the height and
number of intestinal villi.
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Figure 2. Effect of MPE on liver, gizzard and jejunal morphometry

CONCLUSIONS

The addition of MPE until 122 ml/kg in basal
ration significantly affected the quality
carcasses of Sentul chicken at 12 weeks and
MPE can be natural antibiotics from herbal for
Sentul chicken.

The addition of MPE in the ration could have a
positive impact on the growth of Sentul
chickens and internal organs so as to produce
healthy chicken meat, low in cholesterol, so
that it is safe for consumption.
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Abstract

The research was conducted to know the effect of mangosteen peel extract supplemented Cu and Zn on blood
cholesterol and egg yolk cholesterol of Sentul chicken. The research was done from Agustus until November 2019.
Samples test was held in Physiology and Biochemistry Laboratory, Animal Husbandry Faculty, Padjadjaran University,
Sumedang. The methods used experimental with a Completely Randomized Design (CRD) and the effect of treatment
using Analysis of Variance (ANOVA) followed by Duncan and Orthogonal Polynomial. The treatment consisted of five
kind with five repetitions, PO = basal ration, Pl = basal rations + 60 mg/kg mangosteen peel extract + Cu 0.3 mg and
Zn 2.4 mg, P2 = basal rations + 120 mg/kg mangosteen peel extract + Cu 0.6 mg and Zn 4.8 mg, P3 = basal rations +
180 mg/kg mangosteen peel extract + Cu =0.9 mg and Zn 7.2 mg, P4 = basal rations + 240 mg/kg mangosteen peel
extract + Cu 1.2 mg and Zn 9.6 mg. The result showed that the effect of giving 120 mg/kg mangosteen peel extract
supplemented Cu 0.6 mg and Zn 4.8 mg was the significant effect (P<0.05) decreasing blood cholesterol levet but non-
significant (P>0.05) decreasing egg yolk cholesterol levels of Sentul chicken.

Key words: blood cholesterol, Cu (copper), egg yolk cholesterol, mangosteen peel extract, Zn (zinc).

INTRODUCTION and drugs (Ketaren, 2010). Effect of fat in the
feed (vegetable oil, animal oil, cholesterol, and
Sentul chicken is one type of local chicken B sitosterol) can increase liver cholesterol,
typical of the Ciamis region of West Java  serum, and egg yolks in laying hens (Han et al.,
which has gray feather characteristics. The 1993). Cholesterol content in egg yolks can
advantage of sentul chicken compared to other change up to 25% by cholesterol derived from
native chickens, which has relatively rapid  feed and fat (Hargis, 1988). Egg yolk
growth (Kurnia, 2011). Sentul chickens are  cholesterol is higher than meat cholesterol, this
categorized as dual-purpose chickens, which s because the egg is the end of the distribution
are capable of producing meat and eggs. Sentul  of vitellogenin which is composed of
chicken. meat and eggs can be used as an  cholesterol, triglycerides, phospholipids, and
alt.ernatlve tp meet the needs of community proteins (Watson, 2002).
animal protein. Efforts to reduce cholesterol levels in the blood
Lately, some people are more selective because and eggs can be done by using rations mixed
health awareness is getting higher. People crave  yith herbal plants, one of which is mangosteen
food from animals, especially poultry with low peel extract (Garcinia mangostana L.).
fat content such as cholesterol (Pogurschi etal.,  Mangosteen peel extract contains xanthone
2019). According to Rasyaf (1995), native compounds as antioxidants. Xanthones are
chicken meat has a low-fat content, but with  patyral chemical substances that are classified
increasing age of the chicken, the deposition of 4 phenol or polyphenolic compounds.
abdominal fat is increasing as well as with Mangosteen peel extract contains a lot of
subcutaneous  fat. The high-fat content is  antioxidants of 84.6-86.3% and xanthone

identical to the high cholesterol content. content is more than 90% (Diwyanto et al.,
Cholesterol content in eggs is ipﬂuence.d by 2011). Xanthones can inhibit the process of
several factors such as age, genetics, nutrients,  cholesterogenesis. Effect of mangosteen peel
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extract can decrease Low Density Lipoprotein
also increased High Density Lipoprotein
(Lovita et al., 2018).

Mangosteen peel extract also contains
flavonoid compounds that can reduce blood
cholesterol levels by reducing the absorption of
cholesterol and bile acids in the small intestine
which causes increased excretion through
feces. Liver cells increase the formation of bile
acids from cholesterol so that they can reduce
fat due to being converted into energy (Sucipto,
2008).

Miryanti et al. (2011) presented mangosteen
peel extract results from the analysis of Gas
Chromatography Mass Spectrometry (GCMS)
that mangosteen peel extract contains methyl
esters of unsaturated organic acids that are
easily oxidized. Supplementation of Cu and Zn
plays a role to temporarily activate the
bioactive contained in the mangosteen peel
extract which is reactive, thus making the
ionization in the digestive tract higher and can
be optimally utilized right on target. Copper
(Cu) is an essential mineral micro element that
is cationic. Copper is one of the mineral
elements that are needed in the process of
metabolism, hemoglobin  formation and
physiology in the animal's body (Burns, 1981).
The form of copper metal that is given into the
feed mixture is in the form of copper salt
compounds, such as copper sulfate, copper
oxide, copper carbonate, and copper proteinate.
Usually sulfate and copper oxide are often
added to ruminant feed (Baker et al., 1991;
Johnson and Engle, 2003).

MATERIALS AND METHODS

The material used in this study was 40-tail
chicken, maintained from the age 28 weeks to
35 weeks. Chicken is divided into 5 treatments
and each treatment is repeated 4 times, each
cage contains 1 tail.
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Sample Collection Stage

a. Blood sampling

Blood was taken at the end of the study, and
eggs samples were taken from one chicken for
each test in each treatment. Total blood
samples were taken in the last week are 20
samples. The sample selection is based on the
average body weight close to the same. Blood
is drawn through the 2 cc chicken wing
pectoralis vein. Blood samples were taken
using a 5 ml syringe, and were collected in
vaccumtube Ethylene Diamine Tetra Acetyl
Acid (EDTA).

b. Chicken egg sampling

Egg sampling was carried out at the end of
maintenance ie from each treatment 2 egg
samples were taken from each cage, so that 10
egg samples were obtained from 5 treatments
and 4 replications. Each egg is broken and then
separated between egg whites and yolks. Egg
yolks that have been separated and then placed
in a plastic container, then roasted until dry,
then ready to be tested for cholesterol levels.
Chicken weighed initially according to
treatment. The procedure for making
mangosteen peel extract, namely, a sample of
7,000 g of fresh mangosteen peel, dried and cut
into small pieces. The dry sample weighed
5,000 g. Then macerated with 96% ethanol for
24 hours. 96% ethanol extract from maceration
was filtered with filter paper and the filtrate
was collected. The filtrate was then evaporated
using a rotary evaporator at = 62°C in order to
obtain concentrated ethanol extract 4.471 g.
After that, the thick material is taken to the
oven with a temperature of 600°C and the
mangosteen peel extract powder is obtained at
3.621 g. Mangosteen peel extract is then
supplemented using Cu and Zn.

Based on the composition of the ration, the
nutrient content and metabolic energy of the
basal ration are presented in Table 1.



Table 1. Nutrient content and basal energy metabolism of ration

Nutrient Content and Metabolism

Eneray Amount Nutritional Needs of Local Chicken

Matabolizable Energy (ccal/kg) 2757 2750

Protein (%) 15.63 15-16

Fat (%) 5.14 8**

Crude Fiber (%) 4.16 8**

Calcium (%) 3.28 3.25-4.25

Phosphor (%) 1.39 0.3%%*

Lysine (%) 1.06 0.9%*

Methionin (%) 0.37 0.35%*

Source: Widjastuti (1996);
**NRC (1994) for light type laying hens

Observed variables include:

a. Chicken Blood Cholesterol Levels Layer
Phase;

b. Chicken Egg Yolk Cholesterol Levels Layer
Phase.

This study uses an experimental method with a
Completely Randomized Design (CRD). There
are 20 treatment units consisting of 5
treatments and 4 replications. The experimental
diet consisted of PO = basal ration, P1 = 60
mg/kg ration of mangosteen peel extract + Cu
0.3 mg and Zn 2.4 mg, P2 = 120 mg/kg
mangosteen peel extract ration + Cu 0.6 mg
and Zn 4.8 mg, P3 = 180 mg/kg of mangosteen
peel extract + Cu 0.9 mg and Zn 7.2 mg, and
P4 = 240 mg/kg of mangosteen peel extract +

Cu 1.2 mg and Zn 9.6 mg. The data obtained
were analyzed by ANOVA variance test and
the effect of treatment using Duncan's and
Polynomial Orthogonal test.

RESULTS AND DISCUSSION

Effect of Treatments on Chicken Blood
Cholesterol Layer Phase

Sentul chicken blood cholesterol content which
has been treated with mangosteen peel extract
which has been supplemented with Cu and Zn,
the results of laboratory analysis are presented,
presented in Table 2.

Table 2. Blood cholesterol and egg yolk levels of chicken layer phase

Treatment
Parameter PO Pl P2 P3 P4
Blood cholesterol b b b
(mg/d) 206.28%+26.25 160.42°+14.43  11931°%+17.44  114.81°+12.11 112.67°£26.74
Egg yolk cholesterol 122.25+30.51 125.62+35.38 109.48+45.93 149.48+11.54 119.23+18.63
(mg/100 g)

Based on Table 2 that the highest blood
cholesterol level in PO is 206.28 mg/dL,
followed by P1 which is 160.42 mg/dL, then P2
has a value of 119.31 mg/dL, then P3 is 114.81
mg/dL, and P4 has a value of 112.67 mg/dL.
The results of the analysis of variance showed
that the administration of mangosteen peel
extract supplemented with Cu and Zn had a
significant effect (P<0.05) on the level of layer
chicken blood cholesterol levels.

The treatment of P1 (60 mg/kg ration) was not
significantly different from the treatment of PO
(basal ration). P2 (120 mg/kg ration) was not
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significantly different (P>0.05) with P3 (180
mg/kg ration), and P4 (240 mg/kg), but
significantly different (P<0.05) with PO
treatment (0 mg/kg ration) and P1 (60 mg/kg
ration). These results indicate that treatment P2,
P3, and P4 has the effect of reducing blood
cholesterol levels

Increasing the dose of mangosteen peel extract
supplemented with Cu and Zn in the ration can
reduce blood cholesterol levels. Mangosteen
peel extract dosage 120-240 mg/kg ration gives
real results in reducing blood cholesterol
chicken layer phase. This is because the active



compound contained in the mangosteen peel
extract is xanthone which is able to inhibit the
process of cholesterol synthesis. The process of
cholesterol synthesis starts from acetyl CoA
which is the result of carbohydrate or fat
metabolism. The change in acetyl co-A to
mevalonate until cholesterol is mediated by the
enzyme HMG CoA reductase. Xanthones work
through a mechanism of inhibiting the activity
of the HMG CoA reductase enzyme, which can
cause inhibition of cholesterol biosynthesis
(Botham and Mayes, 2015; Lovita, et al.,
2005). Xanthones play a role in the preparation
of xanthydrol which is useful in controlling
blood cholesterol oxidation Low Density
Lipoprotein (LDL) (Jung et al., 2000).
Xanthones reduce the concentration of
cholesterol in hepatocytes and increase the
performance of LDL receptors which are
closely related to the components of very low
density lipoprotein (VLDL) which causes
cholesterol to be reduced (Grundry, 1988).
Decreased levels of sentul chicken blood
cholesterol are also affected by another active
compound found in mangosteen peel extract,
namely flavonoids. Flavonoids contained in
mangosteen peel extract can increase the
activity of the lipoprotein lipase enzyme. The
increase in the enzyme VLDL lipoprotein
which carries triglycerides will undergo
hydrolysis to fatty acids and glycerol. The
released fatty acids are then absorbed by
muscles and other tissues that are oxidized to
produce energy and by adipose tissue and
stored as energy reserves (Marks et al., 2000).
Flavonoids can also act as cofactors of
cholesterol esterase enzymes and inhibitors of
food cholesterol absorption by inhibiting the
formation of micelles so that cholesterol
absorption is inhibited (Olivera et al., 2007).
The quality of rations supplemented with Cu
can improve the metabolic system and
physiological processes that are in the body of
chickens  (Scott et al, 1982). High
concentrations of Cu are closely related to high
cholesterol levels. This is consistent with
Klevay's (1980) study which states that Cu
minerals and cholesterol are negatively
correlated with plasma cholesterol
concentrations. The lack of Cu minerals does
not increase cholesterol concentrations in the
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liver but the bile acids increase and the effect of
the increase is not large to reduce blood
cholesterol levels. Zn Mineral has various
functions in the body, especially for the
digestion process. Zn is involved in several
enzyme activities and is also a cofactor of more
than 70 kinds of enzymes. Minerals Cu and Zn
act as protective compounds for mangosteen
peel extract, which causes ionization in the
digestive tract to increase.

To find out the pattern of the relationship
between the effect of using mangosteen peel
extract supplemented with Cu and Zn on blood
cholesterol levels, an orthogonal polynomial

test was performed. The results of the
Orthogonal Polynomial Test showed a
significant difference (P<0.05) in linear

regression with the equation Y = -23.282x +
212.55, and the coefficient of determination
was 0.8234 (R2 = 0.8234). The average blood
cholesterol level drops with increasing
concentration of mangosteen peel extract
supplemented with Cu and Zn. The results of
the analysis of the coefficient of determination
(R2) showed the percentage contribution of
free variables (level of mangosteen peel extract
supplemented with Cu and Zn) to the
dependent variable (blood cholesterol level)
was 82.34%.

Effect of treatments on egg yolk cholesterol
chicken layer phase

The highest egg yolk cholesterol level in P3 is
149.46 mg/100 g, followed by P1 which is
125.62 mg/100 g, then PO is 122.25 mg/100 g,
P4 is 119.23 mg/100 g, and P2 is 109.48
mg/100 g. The results of the analysis of
variance showed that the administration of
mangosteen peel extract supplemented with Cu
and Zn was not significantly different (P>0.05)
on egg yolk cholesterol levels.

This study was not y significantly different, but
showed an improvement decrease in egg phase
yolk cholesterol levels, in P2 is 17.48%
compare to control. This is because the active
compound extract of flavonoid mangosteen
peel can inhibit cholesterol  synthesis.
According to Metwally et al. (2009) flavonoids
reduce cholesterol synthesis by inhibiting the
activity of the enzyme acyl-CoA cholesterol
acyl transferase (ACAT) which plays a role in



decreasing cholesterol esterification in the
intestine and liver. Flavonoids are antioxidants
that can reduce cholesterol levels in the blood,
the mechanism by which flavonoids inhibit
cholesterol synthesis through HMG CoA
reductase inhibitors (Chen et al., 2000).

Egg cholesterol is synthesized in the liver, then
carried by the blood in the form of lipoproteins
and stored in growing follicles and passed on to
the ovaries (Hammad et al., 1996). The active
compound contained in mangosteen peel
extract, namely flavonoids, acts as a
phytoestrogen which triggers the biosynthesis
of vitellogenin in the liver. Vitellogenin is
composed of cholesterol, triglycerides,
phospholipids, and proteins (Watson, 2002).
Phytoestrogens will stimulate the formation of
follicles in the ovary which causes the number
of follicles to increase so that the distribution of
fat and cholesterol for the development of more
follicles which in turn causes a decrease in egg
cholesterol. Cholesterol levels in the blood
cause the amount of cholesterol that enters the
ovaries to be lower.

CONCLUSIONS

1) The administration of mangosteen peel
extract supplemented with Cu and Zn minerals
has can reduce blood cholesterol, but can not
reduce the egg cholesterol chicken phase layer.
2) The dose of mangosteen (Garcinia
mangostana L.) peel extract as much as 120
mg/kg of rations supplemented with Cu and Zn
minerals is the best concentration.
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Abstract

This research paper consisted in carrying out a study that elucidates how the quality of cow’s milk varies depending on
the time of lactation initiation (calendar month in which the cows gives birth and the lactation starts). Thus, there were
examined milk samples from two groups of cows that gave birth in different seasons (autumn and spring). The
determinations concerned were the following: the percentage of protein, the percentage of lactose and the fat
percentage in milk. After analyzing the results, compared to the cows that gave birth in autumn, we observed that the
percentage of protein increased in the milk from the cows that gave birth in spring, whereas the percentage of fat
decreased. The percentage of lactose varied within the similar limits for both experimental groups.

Key words: composition, cow, milk, season.
INTRODUCTION

Milk has a high biological value and that is
why it is the only consumed product by both
human and mammal babies in the first period
of their lives. It is the most complete food
because it provides all the necessary nutrients
for growth and development of the newborn.
Having a rich and varied chemical composition,
milk ensures most substances that are necessary
for living tissue and for maintaining metabolic
processes in the organism (Cotor et al., 2012;
Codreanu et al.,, 2012; Mihai et al., 2019;
Nistor et al., 2019). Cow milk is an important
food for people (due to its special chemical
composition and nutritional value) and it also
represents a major row material for the
manufacture of dairy products (Vidu et al.,
2014; Oprea et al., 2019). We should mention
that milk and dairy products maintain their
freshness and physical-chemical characteristics
only if they are properly packaged and stored
(Petcu, 2014a; Petcu, 2014b; Visoescu et al.,
2015). It is well-known that there are many
factors which influence milk production,
including: breed, age, individual, ways of
feeding and watering, housing conditions, milk
management, health status and individual
hormonal status etc. (Cotor et al.,, 2011,
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Codreanu et al., 2018). Studying the literature,
we came across very few data regarding the
variation of milk production and its chemical
composition during the lactation period,
depending on the moment when the lactation
started.

This study is important mainly for farmers
(cow’s milk breeders), as they have the
opportunity to organize their farm so that they
can obtain raw material for the industry during
the whole year (Savu et al., 2002; Petcu, 2006).
However, they should take into consideration
how the production varies (quantitative and
qualitative), depending on the season in which
cows gave birth (Tapaloaga et al., 2016;
Tapaloaga, 2018).

MATERIALS AND METHODS

We used 20 cows (Holstein breed) in order to
carry out this research. They were divided into
two experimental groups: first group (n = 10)
included cows that gave birth at the beginning
of autumn (September-October) and the second
group (n = 10) included cows that gave birth at
the beginning of spring (February-March).

To evaluate the parameters taken into account,
milk samples were collected at different times
of lactation.



Regarding the first group, the milk samples
were analysed at the end of the first lactation
month (October), in the middle of the third
month of lactation (December), in the middle
of the fifth month of lactation (February) and in
the middle of the seventh month of lactation
(April).

Regarding the second group, the milk samples
were analysed at the end of the first lactation
month (March), in the middle of the third
month of lactation (May), in the middle of the
fifth month of lactation (June) and in the
middle of the seventh month of lactation
(August).

The evaluated parameters were percentage of
protein, the percentage of lactose and the
percentage of fat. All the determinations were
performed within the laboratory of the milk
processing unit.

The protein percentage determination was
completed using the protein titration method,
the lactose percentage was achieved with the
potassium ferricyanide method (Savu et al.,

2002) and the fat percentage determination was
done by the Gerber method (Ghita, 2008).

The statistical analysis and the relevance of the
assessment concerning the differences between
the obtained sets of values, were calculated
using the t test (Student).

RESULTS AND DISCUSSIONS

The results are presented in tables and figures
for each determined parameter (percentage of
protein, percentage of lactose and percentage of
fat), being accompanied by interpretations and
discussions.

Results and discussions
percentage of milk protein
The evolution of the milk protein percentage
during the entire lactation is presented in
dynamics in Table 1 and Figure 1, for both
experimental groups.

regarding the

Table 1. The dynamical evolution of the milk protein percentage, for each experimental group

Lot category Month I Month II Month V Month VII
Lotl 3.70 3.58 3.52 3.80
Lot2 3.68 3.78* 3.92% 4.06*
*(P<0.05)
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Figure 1. The evolution of the percentage of milk protein in the case of the two experimental groups
(red - cows that gave birth in spring; blue - cows that gave birth in autumn)

From the data presented in Table 1 and Figure
1, it is observed that in the case of the cows
which gave birth in spring (group 2), the milk

protein percentage had continuously increased
throughout the lactation with a bimonthly
growth rate of 2.7-4.8%. On the other side, the
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milk from the cows that gave birth in autumn
(group 1), had an initial decrease in the protein
percentage until the 5™ month, after which, it
registered an increase until the 7" month, when
exceedances from the initial values by even
2.7%, could be observed. The differences
between the two experimental groups in the 3,
5% and 7" months of lactation were statistically
significant (P<0.05).

These results could be explained by the
animal’s diet because in the summer, their food
provides a higher nutritional contribution, from
a qualitative point of view because the green

fodder contains consistent amounts of protein,
compared to the dry fodder and the silo (that
are used as food source in the winter).

These results are similar to those reported in
literature by Yang et al. in 2013 and by
Bertocchi et al. in 2014.

Results and discussions regarding the milk
lactose percentage.
The evolution of the milk lactose percentage
during the entire lactation is dynamically
presented in Table 2 and Figure 2, for both
experimental groups.

Table 2. The dynamical evolution of the milk lactose percentage, for both experimental groups

Lot category Month I Month IIT Month V Month VII
Lot 1 4.72 4.70 4.68 4.70
Lot2 4.70 4.64 4.62 4.68
474
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Figure 2. The evolution of the milk lactose percentage, for both experimental groups
(red - cows that gave birth in spring; blue - cows that gave birth in autumn)

From the presented data in Table 2 and Figure
2, it is observed that the dynamic of evolution
is almost the same in the case of the two
experimental groups (the obtained values are
similar). The statistical analysis showed that
there are no significant differences between the
two groups (P>0.05), regarding this parameter.
It is obvious that the lactose percentage is not
influenced by the diet.
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Similar results were obtained in other studies
conducted by Cotor et al. in 2015 and by Van
Laer et al. in 2015.

Results and discussions
percentage of milk fat

The evolution of the milk fat percentage of
during the entire lactation is dynamically
presented in Table 3 and Figure 3, for both
experimental groups.

regarding the



Table 3. The dynamical evolution of the milk fat percentage, for both experimental groups

Lot category Month I Month III Month V Month VII
Lot 1 3.78 4.34 4.51* 4.42%
Lot2 3.98 3.86 3.74 4.11
*(P<0.05)
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Figure 3. The evolution of the milk fat percentage, for both experimental groups
(red - cows that gave birth in spring; blue - cows that gave birth in autumn)

From the presented data, regarding the cows
that gave birth in autumn (lot 1), a continuous
increase of the milk fat percentage can be
observed, with bimonthly rates between
14.82% (3" month) and 3.92% (5" month).
Regarding the cows that gave birth in spring
(lot 2), we initially found a decrease in milk fat
percentage until the 5™ month, when a decrease
of 3.11% was registered, compared to the 3™
month. After that, a huge increase of this
parameter was noticed until the 7" month of
lactation, at which point an increased value of
9.89% was registered, compared to the 5%
month. The differences between the two groups
were statistically significant (P<0.05) for the 5™
and 7™ months of lactation.

These differences are due to the diet.
Regarding the cows that gave birth in spring,
their lactation took place during the hot season,
having had the benefits of succulent fodder,
which induced a volumetric increase of milk
production, based on the hydric component of
milk secretion. This fact led to a dilution of the
hydric component and an implicit decrease in
fat percentage. At the end of lactation
(October), an increase of the analysed
parameter is noticed. Our results regarding this

parameter, are similar to those obtained by
other authors cited in literature (Cotor et al.,
2009).

Concerning the cows that gave birth in autumn,
their lactation took place in the cold season, so
their diet was predominantly represented by
coarse fodder. Studying the literature, we
noticed that there is a positive correlation
between the size of fat globules of milk and the
percentage of cellulose from fodder (the main
source of volatile fatty acids) (Alstrup et al.,
2016). This explains the higher values of this
parameter in the case of this group.

CONCLUSIONS

Unlike the ones that gave birth in autumn, the
cows that gave birth in spring registered an
increase in milk protein percentage during the
lactation, with significant differences (P<0.05)
for the 3", 5™ and 7™ months.

The milk lactose percentage varied within the
same limits for both experimental groups. The
differences that we found were not statistically
significant (P>0.05).

Unlike the cows that gave birth in spring, the
cows that gave birth in autumn registered an
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increase in milk fat percentage during the
lactation, with significant differences (P<0.05)
for the 5™ and 7" months.
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Abstract

The self-control program is evidence of one's own supervision in the factory, and may include a variety of analyzes
(mycological, mycotoxicological, chemical, spectrophotometric). The aim of the paper is to carry out an analysis of the
effectiveness of self-control programs for mycotoxins, between January and June 2019, for a factory laboratory in a
feed mill from Romania. Methodologically, the data were processed, analyzed and synthesized in the form of graphs
and tables. The results show that during the analyzed period, the self-control program for mycotoxins in the factory
laboratory provided a total number of 1080 analyzes to be performed, of which 720 for raw materials, and 360 for
compound feed; in fact, 455 analyzes were performed (42.1% of the total), of which 255 for raw materials (35.4%) and
200 for compound feed (55.5%). As a result of the study carried out in the feed mill, it is found that the monitoring of
the level of mycotoxin contamination should be increased by increasing the degree of accomplishment of the analyzes

proposed in the self-control program.

Key words: compound feed, mycotoxins, raw materials, self-control program.

INTRODUCTION

Compound feed production in the European
Union - 28 increased by 1.8% in 2018, to 163.3
million tons; the compound feed for poultry has
increased production by 1.7% (FEFAC, 2019).
The efficient and intensive production of meat,
milk, eggs and other foods requires mixed and
balanced compound feed. Safe feed allows
farmers to ensure food safety, reduce
production costs, maintain or increase food
quality and consistency, and increase animal
health and welfare; they can also reduce the
potential for pollution caused by animal waste
by providing a certain amount of bioavailable
nutrients (FAO and IFIF, 2010).

The compound feed and raw materials can be
contaminated with unwanted substances, which
can come from the environment and/or from
the production process. When animals consume
such contaminated feed, contaminants can be
transferred to food of animal origin, such as
milk, meat and eggs (EFISC, 2014).
Mycotoxins are chemical compounds produced
by molds. There are literally hundreds of
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mycotoxins, some of which are used as
antibiotics and are known to us, such as
penicillin, others are very dangerous, such as
aflatoxins, one of the most powerful
carcinogens known (Richard, 2015). FAO
(Food and Agriculture Organization) estimated
that up to 25% of food in the world is
significantly contaminated with mycotoxins
(Smith et al.,, 1994). The emergence of the
current mycotoxicology began with the
discovery of aflatoxins in peanut flour
incorporated in the feed of several animal
species, including turkeys and poultry, in
England in 1961 (Richard, 2007). More than
350 types of mycotoxins have been identified
in nature. They differ in terms of their chemical
structure and their biological activity; their
action may be: carcinogenic (aflatoxin Bi,

ochratoxin A, fumonisin Bj), estrogenic
(zearalenone), neurotoxic (fumonisin Bj),
nephrotoxic (ochratoxin), dermatotoxic

(trichothecenes), immunosuppressive (aflatoxin
B, ochratoxin A, T-2 toxin) (Pop, 2006).

Given the unavoidable presence of mycotoxins,
systematic monitoring of raw materials and



finished products intended for human and
animal nutrition should be carried out
systematically (Psomas and Kafetzopoulos,
2015). Food processing and production include
several key points capable of affecting
mycotoxin  synthesis.  Therefore, each
technological process for food production and
storage should be guided in accordance with
the principles of Good Agricultural Practice
(GAP), Good Manufacturing Practice (GMP)
and systems analysis risks and critical control
points (HACCP - Hazard Analysis and Critical
Control Points) (Pleadin et al., 2019).

In accordance with Regulation (EC) 183 of
2005 of the European Parliament and of the
Council of 12 January 2005 laying down the
requirements for feed hygiene, feed companies
must establish a self-control procedure and
implement self-control programs for their
productive activity. The self-control program is
the evidence of one's own supervision in
factory and may include a variety of analyzes
(mycological, mycotoxicological, chemical,
spectrophotometric  etc.). The self-control
program involves the collection of samples by
specialized personnel, from the raw materials,
from the manufacturing batches, the collection
of sanitation tests for the control of the hygiene
status of the factory, samples from the water
used in the technological process, and their
analysis.

The effects of an inappropriate product whose
non-conformities have not been identified can
be disastrous if they enter the technological
process, both for the budget of the organization
and for the safety of animals and consumers,
which can lead to legal incidents (Pop, 2007).
The aim of the paper is to carry out an analysis
of the effectiveness of self-control programs for
mycotoxins, between January and June 2019,
for a factory laboratory in a feed mill from
Romania.

MATERIALS AND METHODS

Methodologically, the self-control programs for
mycotoxins from the factory laboratory of a
feed mill from Romania were processed,
analyzed and synthesized. The self—control
programs analyzed corresponded to the period
January-June 2019, and the following elements
were: mycotoxins to be analyzed, the total
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number of analyzes proposed to be performed,
the number of analyzes to be performed for all
raw materials, the number of analyzes to be
performed for all types of compound feed; the
degree of accomplishment of the analyzes
proposed within the mycotoxicological self-
control program was monitored for each month
from January to June 2019.

To assess the effectiveness of self-control
programs for mycotoxins, we followed the
results of the analyzes for some raw materials
(corn, wheat, soybean meal, sunflower meal)
and for the compound feed for broiler in
different breeding stages (starter, grower,
finisher). The number of analyzes performed
and their results were identified, for each
month in the set time frame, for each raw
material and type of finished product taken into
the study.

Quantitative determinations of contamination
with: aflatoxin Bi, deoxynivalenol, fumonisin
B1+Bg, toxin T-2, zearalenone, were analyzed,
processed, synthesized and interpreted; the
quantitative determination of mycotoxins was
performed using the ELISA (Enzyme-Linked
Immunosorbent Assay) technique.

The results obtained were compared with the
maximum level allowed by the European
Union legislation.

The interpretation of the data has led to the
formulation of conclusions aimed at the
elaboration and observance of self—control
programs for mycotoxins in compound feed
manufacturing.

RESULTS AND DISCUSSIONS

In the production of compound feed, self—
control represents the activity carried out by the
quality manager, together with all other
responsible factors, in order to prevent the
introduction of inappropriate raw materials or
auxiliaries into the technological process.
Within the mycotoxicological self-control
program (Table 1), from January to June 2019,
for the raw materials and for the compound

feed, were  determined  quantitatively
contaminations with aflatoxin Bi,
deoxynivalenol (DON), fumonisin Bi+Bo,
ochratoxin A (OTA), T-2 toxin (T2),

zearalenone (ZEN). For each mycotoxin, a total
of 30 analyzes were proposed for each month,



of which 20 for raw materials, and 10 for
compound feed. Cumulatively, for each month,
a number of 180 mycotoxicological analyzes
were proposed, of which 120 for raw materials
and 60 for compound feed. In January, 58.3%
of the 180 proposed analyzes were performed;

out of 120 analyzes for raw materials, 54 were
performed, and out of 60 analyzes for finished
products, 51. In February, 87.2% of the planned
analyzes were performed; 71 analyzes were
performed for the raw materials, and 86 for
compound feed.

Table 1. Mycotoxicological self-control progr