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The effect of selected factors at insemination
on reproduction of Holstein cows

Vliv vybranych faktorti v dobé inseminace na reprodukci dojnic
holstynsko-friského plemene

L. StApNiK, F. LouDA, A. JEZKOVA

Department of Cattle Breeding and Dairying, Faculty of Agronomy, Czech University of Agriculture,
Prague, Czech Republic

ABSTRACT: The effects of year of insemination, lactation number, size of left and right ovaries, incidence of ovarian
follicles, oestrus signs intensity, degree of body condition at insemination, and average daily milk yield in the week of
insemination on conception rate in cows were studied in 442 Holstein cows in their 1st-5th lactations in 1997-2000.
1 085 inseminations were evaluated. Pregnancy and incidence of ovarian cysts were diagnosed ultrasonically at 28-42 days
after insemination. A linear model of the least squares analysis PROC GLM from the SAS STAT program range was used
for the statistical analysis. The daily milk yield averaged 28.02 kg. The effect of body condition at insemination on conception
was significant (2 < 0.05). The conception rate increased with the increasing body condition at insemination, the highest
conception rate being obtained for cows awarded 3—4 points on a 5-point scale. In over-fat cows scoring 5 points, the
conception rate was 16.6%. The lowest incidence of ovadan cysts (31.80-33.33%) was found in cows scoring 2-3 points
for body condition, the incidence of 37.80—41.67% having occurred in cows scoring 45 points.

Keywords: cattle; body condition; reproduction; oestrus signs; ovaries; milk yield; insemination

ABSTRAKT: Hodnoceni vliva vybranych faktori na vysledky zabfezivini dojnic se uskute¢nilo v letech 1997 az 2000.
Do sledovaného souboru bylo zafazeno 442 dojnic holStynsko-friského plemene na 1. az 5. laktaci. Bylo vyhodnoceno
1 085 inseminaci u sledovaného souboru dojnic. VySetfeni bfezosti (%Z) a vyskytu ovaridlnich cyst (%C) bylo provedeno
sonograficky 28. az 42. den po inseminaci. K vyhodnocent vysledkd byly pouzity tyto faktory: rok ve kterém byla insemi-
nace provedena, pofadi laktace, velikost levého i pravého vajecniku, vyskyt folikulu na vajeénicich, intenzita vnéjSich
phznak fje, stupen télesné kondice pfi inseminaci a primérna mlécna uZitkovost dojnice v tydnu, ve kterém byla inse-
minovana. Statistické vyhodnoceni bylo provedeno lineirnim modelem metody nejmensich ¢tvercd PROC GLM pro-
gramového vybaveni SAS STAT. Priimérna denni uzitkovost sledovanych dojnic dosihla 28,02 litru mléka za den. Vliv
stupné télesné kondice krav v dobé inseminace na zabfezivini krav byl priikazay (P < 0,05). Se zvySujicim se stupném
télesné kondice v dobé inseminace se zvySovalo procento zabfezlych plemenic. Nejvyssi procento zabfezlych bylo
zji§téno u dojnic s télesnou kondici stupné 3 a 4 v dobé inseminace. U skupiny dojnic ztucnélych se stupném télesné
kondice 5 bylo pozorovino prikazné niZsi zabfezavani — 16,6 %. Nejnizsi frekvence vyskym ovaridlnich cyst v rozmezi
31,80 a2 33,33 % byla zjiSténa u dojnic se stupném télesné kondice 2 az 3. U krav s vy$§im stupném télesné kondice 4 az
5 byl vyskyt ovarilnich cyst vyssi — 37,80-41,67 %.

Kli¢ova slova : skot; télesnd kondice; reprodukce; piiznaky fije; vaje¢niky; mléénd uzitkovost v den inseminace
Reproduction is an area in which reserves can be  Some results indicated a negative genetic correlation

identified world-wide. Many authors have dealt with  between dairy performance and reproductive indices,
the effect of a number of factors on conception rate.  implying that a successful selection aimed at high milk

Supported by the Ministry of Education, Youth and Sports of the Czech Republic (Projects MSM No. 412100001 and MSM
No. 412100003) and by the Ministry of Agriculture of the Czech Republic (Project NAZV No. 1234/2001/01).

169



Original Paper

Czech J. Anim. Sci., 47, 2002 (5): 169-175

yields may result in lowering the reproductive capacity
(Pryce et al., 2000).

Royal ez al. (2000) and Beam and Butler (1997) es-
tablished that, in the course of the experimental pe-
riod, conception rate to 1st insemination decreased by
1 and 0.5%, respectively. Webb ez 4l (1997) drew the
attention to the relationship between nutritional re-
quirements for lactating cows and a successful concep-
ton.

The degree of body condition at insemination is an
important factor for a successful conception. The ef-
fect of a negative energy balance at the onset of lacta-
tion on health, metabolism and reproductive capacity
was studied by Louda and Tér (1982), Canfield and
Butler (1990), Lucy et al (1991), Veetkamp et al. (1994,
1998), Nielsen (1999), Reza¢ ez al. (2000), and Pryce et
al. (2000).

A mobilisation of physical reserves, with ensuing
decrease in body weight, is necessary for a successful
course of lactation (Waltner ez 4/, 1993) but a decrease
in body condition during the first 10 weeks after calv-
ing by more than 1 degree may result in some cows in
an adverse effect on conception (Son et 4/, 1996). An
incidence of anoestrus was observed in high-lactating
cows in which body condition during the first stages
of lactation dropped by 0.75-1.0 degree (Studer,
1998).

Louda and Tér (1982) found that a decrease in body
weight by more than 500 g daily in Czech Pied cows
resulted in a highly significant increase in the duration
of service period (r = 0.196, P < 0.01). At a correct
level of nutrition and a proper feeding technique, the
differences in body condition of cows in the same stage
of lactation should not be greater than 1 degree
(Podmanicky et al., 2000). Brocard and Chenais (2000)
pointed out the importance of body condition at calv-
ing for production and reproduction results in the first
petiod of lactation. Body weight dectreasing to 45 days
after calving had an adverse effect on conception rate
to 1st insemination, and resulted in a marked increase
in service period and calving interval (Suriyasathaporn
et al., 1998). In cows in later lactations, a decrease in
body condition during the dry period and after calving
resulted in a significant incidence of inactive ovaries
and long service periods (Markusfeld ez al,, 1997).
Podmanicky et al. (2000) found a positive relationship
between body condition during the dry period and the
incidence of ovarian cysts during the following lacta-
tion; Waltner e# a/. (1993) did not prove this.

Markusfeld ez a/. (1997) found that a superior body
condition at calving resulted in a low incidence of
anoestrus but not, however, in a higher conception rate
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to 1st insemination. An extreme body condition — fat
or thin — resulted in a frequent incidence of dystocia
and a low conception rate (Podmanicky ez al., 2000).
A positive relationship between the onset of ovarian
activity and mobilisation of body reserves at = 0.88
(P < 0.01) was determined by Benaich ez 2/. (1999). To
the contrary, Morrison et al. (1999) found that the in-
cidence of postpartum luteal activity in cows does not
differ significantly among cows with different body
condition. Sepuvelda ez 2/. (2000) pointed out a nega-
tive correlation between body condition at calving and
the onset of ovarian activity (» = -0.64, P < 0.001) or
the interval to the 1st postpartum ovulation (r=-0.59,
P <0.001).

The importance of body condition during the dry
period, at calving and during the first stages of lacta-
tion, in relation to conception rate, was pointed out by
Von Euw ez al. (2000), Vollema et 4/. (2000), Studer
(1998), Pryce et al. (2000) and Riha ez al. (2000).

Our aim was to evaluate the effects of selected fac-
tors at insemination on conception rate and incidence
of ovarian cysts in Holstein cows.

MATERIAL AND METHODS

An evaluation of selected factors infuencing concep-
tion rate in cows was carried out in 1997-2000. The
experimental group comprised 442 Holstein cows in
their 1st-5th lactations that had been re-inseminated
during that period. The allocation of cows into differ-
ent groups depending on the examined factors is given
in Table 1. The average daily milk yield of, the experi-
mental cows was 5.63 litres milk higher than the aver-
age of their particular herd. The pregnancy after
artificial inseminations for the whole herd was 23.33—
56.82% in 1997-2000. 1085 inseminations were taken
into account. Pregnancy diagnosis (% CR) and inci-
dence of ovarian cysts (% OC) were determined ultra-
sonically 28-42 days after insemination.

The following factors were considered for the statis-
tical evaluation:

— year of insemination (group 1: 1997; group 2: 1998;

group 3: 1999; group 4: 2000)

- lactation number (group 1: 1st lactation to group 5:
5th lactation)
— the condition of reproductive organs at insemination,

i.e. the size of left and right ovaries (group 1: up to

1 cm; group 2: 1 to 3 cm; group 3: over 3 cm)

— the incidence of ovarian follicles (group 1: no folli-
cles; group 2: left ovary follicle; group 3: right ovary
follicle; group 4: follicles on both ovaties)
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Table 1. Frequency of cows grouped according to traits
“Trait Group (7)
1 2 3 4 5
Year (YR) 160 349 301 275 -
Lactation number (LN) 259 359 395 63 9
Size of left ovary (LO) 641 407 37 - -
Size of right ovary (RO) 494 520 7 - -
Incidence of follicle (OF) 40 304 636 105 -
Intensity of oestrus signs (OS) 204 470 411 - -
Degree of body condition (BC) 23 267 607 154 34
Daily milk yield (MY) 184 687 214 3 &
— oestrus signs intensity on a 3-point scale (group 1: RESULTS AND DISCUSSION

weak; group 2: medium; group 3: strong)

— degree of body condition at insemination on a
5-point scale (group 1: poor to group 5: excellent)
— the average daily milk yield of the cow in the week

of insemination (group 1: lower than x— s, group 2:

%— 35,10 x; group 3: x to x + 5,; group 4: greater than

X +5).

Higher number of factors were taken into account
during the initial statistical evaluation. Based on the
significance test of the results, a combination of only
significant factors was chosen. The effect of these
factors was the subject of the following evaluation.

The statistical evaluation was carried out using a
linear model of the least squares method PROC GLM
within the SAS STAT programs. The linear model
was:

Yimp =0t a4+t td+f +eg+htey,

where:Y. = result of evaluated insemination

ijklmnop

m = mean of the reproduction result

a; = effect of the year of insemination (YR)

bj = effect of the lactation number (LN)

A = effect of the condition of reproductive
otgans at insemination, ie. the size of left
and right ovaries (LO, RO)

4, = effect of the incidence of ovarian follicles
(&29)]

£ = effect of the oestrus signs intensity on a
3-point scale (OS)

&, = effect of the degree of body condition at
insemination on a 5-point scale (BC)

h, = effect of the average daily milk yield of the

cow in the week of insemination (MY)
€ iklmnap =effect of the residual error

Only those factors that had a significant effect on
dairy performance were included. The statistical sig-
nificance of the final model used was at P < 0.05. The
principal statistical characteristics of the evaluated data
are given in Table 2. The average stage of lactation at
insemination and at the evaluation of body condition
was 190.03 days. The average daily milk yield of the
studied cows was 28.02 litres. Similar results at a simi-
lar performance and stage of lactation were obtained
by Von Euw ez al. (2000), Vollema et al. (2000), and
Suriyasathaporn e¢ al. (1998). Body condition at in-
semination averaged 2.86 points. A similar degree of
body condition was reported by Von Euw et /. (2000),
and Vollema ez al. (2000). Body temperature of cows
ranged from 37.6 to 40.10°C, averaging 38.65°C at
insemination. This figure was slightly higher than that
given by Vollema ez 2/, (2000). When evaluating the size
of ovatries on a 3-point scale, the right ovaries averaged
0.17 points mote at oestrus than left ovaries. We ob-

Table 2. Principal statistical characteristics of the experimen-
tal groups

Trait x sy Min Max
Lactation number ~ 2.26 091 1.00 6.00
Size of left ovary 1.44 0.55 1.00 3.00
Size of right ovary ~ 1.61 0.61 1.00 3.00
Quality of uterine  2.18 0.71 1.00 3.00
tonus

Intensity of 219 0.73 1.00 3.00
oestrussigns

Degree of body 2.86 0.62 1.00 5.00
condition

Daily milk yield 28.02 875 1140 6230
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served a tendency for an above-average development
of the right ovaries. A functional follicle was observed
more often on right ovaries (58.67%) than on left
ovaties. In only 9.69% of cows were detected func-
tional follicles on both ovaries at insemination, and in
3.60% of cows a functional follicle was absent.
Sturman ez al. (2000) published information that, in
practice and at 95% accuracy, some 16% of cows
checked for oestrus by an insemination technician were
suggested for a later insemination. 44% of these were
diagnosed pregnant after an insemination at the fol-
lowing oestrus. Oestrus signs intensity was average and
amounted to 2.19 points at insemination. Utetine tonus
was average and amounted to 2.18 point at insemina-
tion. Signs of oestrus and uterine tonus therefore in-
dicated at good-to-excellent signs of oestrus.

The conception rate and the incidence of cystic
ovaries in relation to the effect of the individual factors
are given in Table 3. From the point of view of time
sequence, the worst results in conception were obtained
in 2000, pregnancy rate after all inseminations being
32.7%. The differences from the other years were
+5.07% for 1997, +5.02% for 1998, and +4.14% for
1999, the differences being statistically significant at
P < 0.05. The reasons for these differences could not
be explained in simple terms as the effect of year
comprised several partial factors. The most significant
of these was the effect of nutrition differing in quality
among the years. In 2000, however, we found a lower
incidence of ovarian cysts after insemination (22.37%).
The differences between years in the incidence of
ovarian cysts ranged from 11.99% to 16.38%, signifi-
cant at P < 0.05 (Table 3).

The effect of lactation number on reproductive
performance was significant at P < 0.05. Conception
rate decreased somewhat with increasing lactation
numbet. The decrease from the 1st to the 4th lactation
reached 6.2%. The highest incidence of ovarian cysts
(36.96%) was found in cows in their 3rd lactations. This
information is shown in Table 3. The highest percent-
age of cows returning to service (31.15%) in which no
oestrus had been detected following the insemination
in question, occurred in the 4th lactation. Our results
correspond with those of other authors. For example,
a similar tendency was established by McCullough and
DeLotenzo (1996), and Eicker (1996).

For ovary size, the highest conception rate (37.59%)
was found in cows with ovaries from 1 to 3 cm at in-
semination, and the lowest (19.44%) in cows with
ovaries over 3 cm (P < 0.05). The highest incidence of
ovarian cysts after insemination (47.22%, P < 0.05) was
found in cows with the largest ovaries, compared with
13.37% in cows with ovaries measuting up to 1 cm,
and 31.94% in cows with ovaries measuring 1-3 cm
(Table 3). The percentage of cows returning to service
was similar in cows with ovaries up to 1 cm and 1 to
3 cm. In cows with ovaries greater than 3 cm the per-
centage returning to oestrus was 19.44, the difference
from other groups being significant (P < 0.05).

In cows in which, at insemination, we had detected
a follicle on one of the ovaries, conception rate was
35.24-36.51%, compared with cows in which we had
not detected a follicle and in which the conception rate
was 30.77% (P > 0.05). Table 3 include this results. A
similar study was conducted by Sheldon and Dobson
(2000) who evaluated the incidence and size of follicles

Table 3. Conception rates (CR, %) and incidence of ovarian cysts (OC, %)

Group YR LN LO PO OF os MY
[ CR 37.77 38.99 35.88 36.23 30.77 2857 29.01
oc 3875 21.80 3385 33.20 3333 3744 3827
, R 37.72 37.88 37.59 35.00 36.51 36.59 4286
oc 34.36 34.82 31.94 3385 3224 3170 33.86

, CR 36.84 33.42 30.55 4429 36.48 39.42 35.60
oc 34.78 36.96 #7122 3429 33.33 33.82 30411

, O 3270 3279 = L 35.24 - 29.56
oc 2237 2951 - - 30.05 : 36.48

, CR - 50,00 . - - . _
oc 3 33.33 = . . % 3
P<0.05 1034 1to4s 183 £ < 1-23 i
2-4; 34
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on ovaries during the first 28 days. Cows in which they
detected ovarian follicles averaged shorter service pe-
tiods.

Further, we determined a significant (P < 0.05) effect
of overt signs of oestrus on conception rate. The high-

est percentage conceiving was in those cows which had -

exhibited the most obvious signs of oestrus. We found
no relationship between cystic ovaries and the inten-
sity of signs of oestrus (Table 3). According to Kinsel
and Etherington (1998), most cows were inseminated
following a visual detection of behavioural changes
associated with oestrus. At that, many apparent signs,
such as nervousness or sniffing at cows nearby, do not
necessarily confirm conclusions on the stage of
oestrous cycle. Another possibility of detecting oestrus
follows from observing the activity of cows that in-
creases during oestrus by 30-200% (Firk et 2/, 2000).

The effect of body condition of cows at insemina-
tion on conception was significant (P < 0.05). The
effect of body condition on conception rate is given
in Figure 1. Conception rate increased with improving
body condition at insemination. The highest concep-
don rate (36.58-36.93%) was found in cows awarded
3—4 points for body condition at insemination. In over-
fat cows with a 5-point body condition, conception
rate was significantly lower (16.6%). The highest per-
centage of cows returning to service (41.67) was also
found in this group. These results are similar to those
obtained by Markusfeld ez 4/. (1997), Suriyasathaporn
et al. (1998), Podmanicky et 4/. (2000), and Vollema ez
al. (2000). Figure 1 also shows the frequency of the
incidence of ovaran cysts in connection with body

45 DOconception rate
(%) ]

35.02 36.93 36.58

35 333 33.33 318

32.93
30

25 A
20 -

15,4

1 2 3

4 5
Degree of body condition of cows

condition of cows. The lowest incidence of ovatian
cysts (31.80-33.33%) was observed in cows classified
for body condition as grade 2-3. In cows awarded 4-5
points for body condition, the incidence of ovarian
cysts was higher (37.80-41.67%), as shown in Figure 1.
A similar trend in the incidence of ovarian cysts was
described by Podmanicky ez a/. (2000). Compared with
this, Waltner ez 4/. (1993) did not confirm a similar
trend.

The average daily milk yield in the population in-
volved was 28.02 kg, o =8.75 kg. A lower conception
rate and a higher frequency of ovarian cysts were found
in cows whose daily milk yield at insemination was
6 = 8.75 kg different from the average in both direc-
tions. The differences were significant (P < 0.05).
Conception rate in cows yielding the average milk yield
was 35.60-42.86%. Conception rate in cows differing
from the average by more than 8.75 kg milk in either
direction was 6.59-13.30% lower than in cows yielding
the average yields. Detailed information is in Table 3.
This indicated that feeding cows for an average milk
yield may result in metabolic or health disorders in
cows with milk yields differing from the average by
more than * ¢ = 8.75 kg. The existing genetic correla-
tion between milk yield and reproductive performance
in cows, which can be negative, demonstrated that
selection aimed at a high milk yield may result in a
lower teproductive performance (Pryce et al., 2000).
High-yielding cows can exhibit a lower fertility, and a
higher incidence of some metabolic and health disor-
ders (Groen et al., 1997). However, as high calving rates
are a principal aim of every breeder, low conception

Bincidence of ovarian cysts

41.67

37.4

Figure 1. Conception rate and
incidence of ovatian cysts in rela-
tion to body condition of cows

173



Original Paper

Czech J. Anim, Sci., 47, 2002 (5): 169-175

rates would not discourage farmers from inseminating
all their cows (McCullough and DeLorenzo, 1996).
Contrary to our conclusions, Harman (1994) published
that cows with a milk yield significantly different from
the average carry a lower risk of not conceiving than
cows with an average milk yield. Riha and Hanug (2000)
published a negative correlation between milk yield and
conception rate to 1st insemination (< 0.001). In our
investigation, the highest fertility was obtained for cows
yielding up to 20 kg milk daily.
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Influence of high environmental temperature on
production and haematological and biochemical
indexes in broiler chickens

Vliv vyssi teploty prostfedi na produkci, hematologické
a biochemické ukazatele u brojlerovych kufat .

V. VECEREK, E. STRAKOVA, P. Suchy, E. VosLAROVA

University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic

ABSTRACT: The goal of the experiment was to assess influence of higher environmental temperature on selected hae-
matological indexes (total amount of erythrocytes and leucocytes, value of haematoctit and content of haemoglobin) and
biochemical indexes of blood plasma (total amount of proteins, glucose, cholesterol, AST, Ca, P and Mg). The results have
confirmed that during fattening, the increased environmental temperature significantly influences some indexes of inner
environment and production of broiler chickens. Gradual increase in the air temperature from 16th day of fattening (by
1-5°C) significantly and with high provability (P < 0.01) decreased weight of the chickens on the 42nd and 62nd day of
fattening. This growth depression was accompanied also by significant changes of the inner environment in chickens. The
changes within the haematological indexes were characterized by increased value of haemoglobin and by reduced amount
of leucocytes in the chickens’ blood. These changes within the biochemical indexes were characterized mainly by (P< 0.01)
increase in the molar concentration of plasma glucose and by increased level of plasma cholesterol, of which the differ-
ences between the group averages from 42nd day of fattening were tested as highly significant (P < 0.01). Chickens fed under
higher environmental temperature showed also significantly (< 0.01) higher concentration of plasma Ca. On the other hand,
the aforementioned dependencies were not found within catalytic concentration of AST, nor in P and Mg molar concentra-
tions, though in the course of fattening, some statistically significant differences were shown between the groups.

Keywords: broiler chickens; environmental temperature; live weight; haematological and biochemical indexes of blood plasma

ABSTRAKT: Cilem experimentu bylo posoudit vliv vy3ii teploty prostfedi na vybrané hematologické (celkovy pocet
erytrocytl a leukocytd, hematokritovou hodnotu a obsah hemoglobinu) a biochemické ukazatele krevni plazmy (celkovy
protein, glukéza, cholesterol, AST, Ca, P a Mg). Vysledky potvrzuji, Ze zvysend teplota prostfedi v priibéhu vykrmu
vyznamné ovlivnila nékteré ukazatele vnitiniho prostfedi a produkci u brojlerovych kufat. Postupné zvySovini teploty
vzduchu od 16. dne vykemu (o 1-5°C) se vysoce prikazné (P < 0,01) projevilo sniZenim Zivé hmotnosti kufat ve 42.
a 62. dnu vykrmu. Tato ristova deprese byla provizena i vjznamnymi zménami ve vnitinim prostfedi kufat. U hemato-
logickych ukazateli byly tyto zmény charakterizovany zvySenou hodnotou hemoglobinu a snizenym poctem leukocyti
v krvi kufat. U biochemickych ukazatelt byly tyto zmény charakterizoviny pfevizné vysoce pritkaznym (P < 0,01)
zvySenim molirni koncentrace plazmatické glukézy a zvySenou hladinou plazmatického cholesterolu, u kterého byly
rozdily mezi priméry skupin ve 42. dnu vykrmu testoviny jako vysoce priikazné (P < 0,01). U kufat vykrmovanych pfi
vyssi teploté prostfedi byly zaznameniny i vysoce pritkazné vyssi (P < 0,01) koncentrace plazmatického Ca. U katalytické
koncentrace AST a molirnich koncentraci P a Mg i piesto, Ze v pribéhu vjkemu byly prokédziny statisticky vyznamné
rozdily mezi priméry skupin, vySe uvedené zavislosti na teploté prostfedi u téchto ukazateli nalezeny nebyly.

Kli€ov4 slova: brojlerovi kufata; teplota prostiedi; Ziva hmotnost; hematologické a biochemické ukazatele

The work has been conducted within the research purpose No. 162700004 “Research of ecological and eco-toxicological
problems of agrarian ecosystems food chains in production of raw materials and food of animal origin, regarding living
environment of population”.
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The work deals with the influence of gradual increase
in environmental temperature on livestock efficiency
and changes of inner environment in broiler chickens.
It is generally known that external environmental fac-
tors have a significant impact on the results of fatten-
ing, The air temperature within the living zone of
animals is one of the most significant microclimatic
factors of environment. The air temperature inside the
fattening stations often causes problems in broilers,
particularly during summer.

Both low and high air temperatures have negative
effects on chickens. Even the early experimental works
of Hansen (1988), Atjona ez al. (1988) and others
warned of negative impact of high temperature on
chickens. As Manning and Wyatt (1990) proved, the
chickens more easily adapt to lower than to higher
temperatures. Suchy ez 2/, (1993a,b) analysed in details
relations between individual microclimatic indexes of
stable environment and productivity of broiler chick-
ens. These authors have shown high correlations be-
tween the air temperature within the living zone of the
chickens and their productivity. The aforementioned
authors have found that the more days when the
chickens were exposed to temperatures out of opti-
mum, the smaller the average live weight gain was
(r=-0.8797).

The losses within the productivity of fattened chick-
ens (decrease in growth intensity, increase in morbid-
ity and mortality of chickens) represent outer
demonstration of metabolic changes that occur inside
the chickens organism. Higher temperatures have im-
pact on homeopoetic processes, as mentioned by
Jamadar and Jalnapurkar (1995). In their work, these
authors indicate conclusions of studies of effect of
high environmental temperature on distribution of Fe
in broiler organism. Sahota et al. (1994) studied impact
of higher temperatures on haematological profile of
chickens and laying hens after supplying ascorbic acid
in the feed.

Datta ez al. (1996) found in selected kinds of ducks
that the total amounts of erythrocytes and leucocytes
and also content of haemoglobin increased in these
birds when being exposed to lower or higher tempera-
tures. Deyhim and Teeter (1991) found during their
experiments higher haematocrit value in heat stressed
chickens.

As Khan and Khan indicate (1993), heat stress
causes pathological changes in broilers. These patho-
logical changes are accompanied by a number of bio-
chemical changes. Yang ez 2l. (1992) found decrease in
content of globulins in broilers’ blood and increase in
the blood glucose in relation with the increase in envi-

ronmental temperature. As Ching ez 4/. (1992) men-
tioned, under a heat stress the levels of calcium,
sodium and nitrogenous substances in the broilers’
blood increase. Suchy et al. (1993a,b) noticed significant
changes within blood plasma biochemistry in relation
with individual microclimate indexes.

The quoted authors realized that except for the im-
pact of microclimate on observed biochemical in-
dexes also some regular changes within blood plasma
of broiler chickens occur during fattening (as the
chickens grow). These changes are e.g. gradual increase
in plasma proteins and gradual decrease in plasma
cholesterol level.

The results of this wotk supplement present knowl-
edge of haematology and biochemistry of blood
plasma of broiler chickens during fattening and warn
that even relatively small changes of the environmen-
tal temperature can have negative impact on metabo-
lism and production of chickens.

MATERIAL AND METHODS

The goal of the experiment was to investigate the
impact of increase in temperature on selected (haema-
tological and biochemical) indexes of chicken inner
environment during fattening. Seventy experimental
one-day-old chickens (35 male birds and 35 female
birds) and 70 control one-day-old chickens (35 male
birds and 35 female birds) of ROSS 308 meat hybrid
of average weight 42 g were selected for the experi-
ment. The chickens were kept in credited experimental
stable of the Department of Nutrition, Dietetics,
Animal Hygiene and Plant Products of Faculty of
Veterinary Hygiene and Ecology of University of
Veterinary and Pharmaceutical Sciences in Brno. The
stable was equipped with controlled climatic mode and
deep bedding, Feeding was performed through tube
plastic feeders and the feed consumption was observed
daily, drinking water was supplied with automatic water-
ing with continuous control of water consumption.
Both groups of chickens were fed by the same feeding
mixes: BR 1, BR 2, BR 3 and BR 4 according to the at-
tached scheme and nutrient compositions (Table 1).

The fattening was conducted in accordance with the
technological instructions for fattening of ROSS 308
chickens. The experimental group of chickens was
subjected to a gradual increase in temperature, From
the 16th day of age to the 19th day the temperature
increased by 1°C, from the 20th day to the 24th day
the temperature increased by 2°C, from the 25th day
to the 27th day the temperature increased by 3°C, from
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Table 1. Nutrient compositions of complete feed mixes

Tndex (g/kg) BR 1 BR 2 BR3 BR 4
day 1-14 day 15-30 day 36-52 day 53—62
Solids 874.7 885.7 890.3 896.1
Proteins 221.2 203.3 196.3 184.9
Fat 67.9 70.3 80.5 85.3
Fibre 22,6 21.8 18.1 19.5
Ash 58.6 53.8 51.6 53.4
ME (M]/kg) 12.0 12.2 12.6 12.6
Ca 10.9 9.9 9.9 10.7
P 9.1 6.9 7.3 7.0
Mg 3.1 24 21 21

BR 1, BR 2, BR 3, BR 4 = complete feed mixes

the 28th day to the 31st day the temperature increased
by 4°C and from the 32nd day to the end of fattening
(62nd day) the temperature increased by 5°C.
Simultaneously with the air temperature the relative
humidity was observed and maintained at required
value: till 42nd day of fattening 60 * 5% and from
42nd to 52nd day of fattening 70 * 5% in both expe-
timental and control groups. In the course of fattening
the light regime 23 hours of light and 1 hour of dark
was used in both chickens groups.

In the course of fattening, the feed consumption,
mortality and health conditions of chickens were ob-
served continuously.

On 21st, 42nd, 52nd, and 62nd day of fattening,
blood of selected set of 16 chickens of each group
(8 male birds and 8 female birds) was tested, taken
between 8 and 9 o’clock AM from vena basilica. For
the purposes of haematological and biochemical ex-
amination the blood was stabilized by heparin, Within
the haematological examination, the total numbers of
erythrocytes (Ex) and leucocytes (Le) were determined
by flask method of dilution and counting corpuscles
using Biirker’s chamber, the content of haemoglobin
(Hb) was determined using SPECOL-11 photometer
and Drabkin’s solution at wavelength of 540 nm. The
value of haematocrit was determined by the capillary
micro-haematocrit method according to Janetzki.
Within the biochemical examinations the total amounts
of proteins (CB), glucose (Glu), cholesterol (Chol),
catalytic concentration of AST, calcium (Ca), phospho-
rus (P) and magnesium (Mg) in blood plasma were
determined.

The aforementioned indexes were determined pho-
tometrically using commercially produced Bio-la-test
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diagnostic sets. Calcium, phosphorus and magnesium
were determined using nuclear absorption spectropho-
tometrical method.

The results were processed using general mathemat-
ical-statistical methods and the differences between
average values were compared using #test at the level
of significance between P < 0.01 and P < 0.05.

RESULTS

The results of the study of impact of environmental
temperature on the fattened chickens prove that the
increased temperature is one of the most significant
factors that have impact on chicken inner environment
and subsequent impact on their production and health
conditions.

Table 2 shows that in the course of fattening, a dif-
ferent development of live weight was observed in the
groups (K — control group, P — experimental group).
Although to the 21st day of the fattening the experi-
mental group that was until the 19th day kept under
identical temperature as the control group, showed
(P < 0.05) higher average weight of chickens —0.58 kg
compared to the control group, the increasing tem-
perature caused depression in the chickens’ growth.
On 42nd and 62nd day of fattening, a statistically
lower average live weight in experimental chickens was
proved of high significance (P < 0.01) — 2.15 kg and
3.71 kg compared to 2,30 kg and 3.96 kg of the control
group.

The results of haematological studies indicate that
the chickens exposed to higher temperature did not
show big differences between average values of the
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Table 2. Results of haematological examinations of broiler chickens on individual days of fattening
Day 21 Day 42 Day 52 Day 62
Index Gtoup i 3 P ¥
td td td s td
() 6 ) Ut
it 0.549 2300 3.05 3.96
LV 0.071) * (0.243) *ok (0.221) B (0.281) et
(kg) ’ 0577 2475 215 4.067 3.02 0.707 37 3.927
Spenment  4.075) (0.225) (0.225) (0.283)
contsil 1.95 1.81 1.75 1.66
Er (0.444) _ (0307 _ (0.266) _ (0.305) =
/1) e 1.68 1682 184 0313 1.94 1.918 1.59 0.774
CRpEE (0.462) 0.227) (0.291) (0.195)
— 0.280 0.28 0.30 0.30
Hk (0.021) _ (0.031) _ (0.025) _ (0.028) _
anm inene 0280 0.000 029 1.000 030 0.000 030 0.000
N (0.017) (0.025) (0.021) (0.021)
— 91.20 89.49 91.41 80.22
Hb (10.901) w (1196) * (12.31) " (16.38) :
@) o ermen: 645 3935 7873 2841 84.12 1.901 79.13 0.212
ERRIRG (10.295) (9.30) ©.11) (12.46)
iy 14.60 18.19 17.32 19.00
Lé (2.414) (3.942) = (3-615) = (4.251) -
G/ - 19.45 4.241 19.88 1.247 20.44 1.849 21.31 1.681
et (3.885) (3.720) (5.701) (3.484)

x = arithmetic mean, (s, ,) = standard deviation, td = test value according to the Student’s #- test
LV = live weight, Er = total erythrocytes, Hk = haematocrit value, Hb = haemoglobin, Le = total leucocytes

* P<0.05* P<0.01

observed indexes. During the fattening, average values
of the total amounts of erythrocytes of the control
group vaded between 1.66 T/l and 1.95 T/l the average
values of the experimental group varied from 1.59 T/1
to 1.94 T/1. Within the period of observation, a very
narrow range of average values of the haematocrit
value was observed. Both groups showed values between
0.280 1/1 and 0.300 1/1. Differences were observed in
haemoglobin of the control group, when on 21st and
42nd day of fattening, the determined average values
(91.20 g/1 and 89.49 g/]) were statistically higher (P <
0.01 and P < 0.05), compared to the experimental group
of chickens (76.45 g/1 and 78.73 g per ). The average
values of haemoglobin varied between 80.22 g/l and
91.41 g/l in the control group and between 76.45 g/1
and 84.12 g/l in the experimental group.

As to the study of dynamics of total amount of
leucocytes, average values ranging from 14.60 G/1 to
19.00 G/1 wete determined in the course of fattening
in the control group and values from 19.45 G/1 to

21.31 G/lin the experimental group. The experimen-
tal group showed higher amount of leucocytes during
the whole period of observation, when on 21st day of
fattening the difference between the average value of
the control group — 14.60 G/1 and average value of
the experimental group — 19.45 G/I was tested as
highly significant (P < 0.01).

Studying of dynamics of selected biochemical pa-
rameters of blood plasma was also a part of the re-
search (Table 3).

The plasma proteins in the course of fattening
showed tendencies of gradual increase in average val-
ues both in the control (23.13 g/1to 42.13 g/I) and in
the experimental (24.18 g/l to 40.48 g/1) group. No
statistically significant differences were found between
the average values of the control and the experimental
group on individual days of fattening.

Statistically significant (” < 0.05) and highly signifi-
cant (P < 0.01) differences were proved between aver-
age values of plasma glucose, which was during the
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Table 3. Results of biochemical examinations of broiler chickens on individual days of fattening

Day 21 Day 42 Day 52 Day 62
Index Group % x x x
td td td td
(at) () (55) (pt)
- 25.26 2313 38.56 42.13
CB b (2.385) X (2.248) . (4.081) . (3.481) _
@/ oocrimene 2418 192 3231 0269 373 1162 4048 1465
P (1.540) (1.453) (1.471) (2.850)
" 13.90 13.09 16.13 16.45
Glu cou (1.027) . (1.015) * 2043) (1.080) .
(mmol/I) iment  10:59 9.897 12,22 2352 14.46 2.960 14.76 3.396
expenment ) g55) (1.075) (0.956) (1.673)
it 211 229 2.80 3.19
Chol o (0.231) ok (2.000) o (0.133) 2 (0.501) _
(mmol/1) . . 1.81 4.326 2.08 3.184 276 0.641 295 1.867
PP (0:153) 0.173) (0212) (0.120)
. 0.82 0.96 0.985 1.03
AST co (0.035) - (0.094) £ (0.086) * (0.057) _
(ukat/T) ) : 0.75 3.478 0.94 0.693 1.070 2.924 0.982 1411
SRR oo (0.063) (0.076) (0.123)
poiads 2.52 3.11 2.77 3.80
Ca it (2.293) L (0.498) "o (0.206) " (0.064) -
(mmol/h) e 246 0.756 2.49 4.786 234 7.267 2.86 24.425
SEpREERE 12 (0.135) (0.120) (0.138)
s, 5.27 3.17 2.78 472
P (1.265) - 0.957) o (0.632) = (1.288) *
(mmol/1) . 476 0.964 3.64 1.663 5.40 9.879 3.79 2429
experment 4 695) (0.605) (0.852) 0.827)
I 0.83 0.84 0.82 0.83
Mg (0.060) - (0.067) - 0.071) - 0.076) .
(mmol/l) S balie 0.80 1.511 0.77 3.457 0.84 0.854 0.80 1.397
expenment ) 050 (0.044) (0.059) (0.040)

x = arithmetic mean, (5, ;) = standard deviation, td = test value according to the Student‘s #test
CB = total plasma proteins, Glu = plasma glucose, Chol = plasma cholesterol, AST = catalytic concentration of AST,
Ca = plasma calcium, P = plasma phosphorus, Mg = plasma magnesium

* P<0.05,* P<0.01

observation period always significantly lower in the
experimental group. Similarly as the plasma proteins,
also the plasma glucose showed characteristic gradual
increase, practically during the whole period of fatten-
ing, both in the chickens of the control group (13.09
to 16.45 mmol/I) and in the chickens of the experimental
group (10.59 mmol/1 to 14.76 mmol/I).

Higher average levels of plasma cholesterol in the
control groups were observed during the whole period
of fattening, The average values of plasma cholesterol
gradually increased during the fattening both in the
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control group (2.11 mmol/1 to 3.19 mmol/l) and in
the experimental group (1.81 mmol/1 to 2.95 mmol/l)
as well. On 21st and 42nd day of fattening, the differ-
ences between average values of the control group
(2.11 mmol/l and 2.29 mmol/I) and the experimental
group (1.81 mmol/l and 2.08 mmol/1) were tested as
highly significant (2 < 0.01).

Except for the 42nd day of fattening (1.07 pkat/I),
the catalytic concentration of AST also showed in-
crease both in the control group (0.82 pkat/l to
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1.03 pkat/]) and in the experimental group (0.75 pkat/1
to 0.98 pkat/I).

The examination of the blood plasma within the
biochemical indexes was also focused on the dynamics
of the basic bone-forming elements: Ca, P and Mg

Significantly, lower levels of plasma Ca were re-
corded in the experimental group. The average values
of plasma Ca varied between 2.52 mmol/l and
3.80 mmol/l in the control group and between
2.34 mmol/1 and 2.86 mmol/1 in the experimental
group. On 42nd, 52nd and 62nd day of fattening, these
differences were tested as highly significant (P < 0.01).

The results within the plasma P show that the levels
of plasma P varied during the observation period
within a quite wide range of average values, from
2.78 mmol/1 to 5.27 mmol/l in the control group and
from 3.64 mmol/1 to 5.40 mmol/l in the experimental
group. Though on 52nd and 62nd day of fattening, a
statistically highly significant (P < 0.01) and stadsti-
cally significant (P < 0.05) provability of the differ-
ences were found between the average values of both
groups, these differences cannot be considered as a
result of the experimental intervention.

When studying dynamics of changes of plasma Mg
levels, we found that the average levels of plasma Mg
during the fattening varied in relatively narrow ranges
(0.82-0.84 mmol/]) in the control group, and (0.77-
0.84 mmol/I) in the experimental group, except for the
42nd day, when a statistically highly provable lower
average value was found in the experimental group
(0.77 mmol/l), compared to ‘the control group
(0.84 mmol/1).

As to the nutrition, the experimental group showed
during the 62 days of fattening lower consumption of
feed — 2.21 kg of feed mix per 1 kg of live weight in-
crease, compared to the control group that showed the
feed conversion in amount of 2.27 kg. On the con-
trary, in the experimental group the higher water con-
sumption 20.09 1 per a bird compared with control
birds (14.88 | per a bird) during the 62 days of fattening
was observed.

The experimental group that was fed under higher
temperature, showed higher mortality; 7 of 70 chickens
died (10.00%), compared to the control group, where
only 4 of 70 chickens died (5.71%).

DISCUSSION

The results of studying the impact of higher envi-
ronmental temperature on organisms of fattened
chickens show that the increased ait temperature had

a significant impact on the inter-medial metabolism of
chickens. These metabolic changes were represented
by reduced growth intensity and increased mortality
of chickens during the fattening, The results of the
experiments prove that even a small increase in envi-
ronmental temperature (in the coutse of the fattening
by 1-5°C) has a significant negative impact on the ef-
ficiency of the fattening. These conclusions are in
agreement with results reported by Hansen (1988),
Arjona et al. (1988) and Manning and Wyatt (1990).

The results of haematological examinations proved
that total amount of haemoglobin decreased and total
amount of leucocytes increased in the blood of the
experimental birds that were fattened under higher
environmental temperature. Datta ez 2/. (1996) noticed
similar increase in the amount of leucocytes in blood
of ducks that were exposed to higher environmental
temperature, though in contrast to our results, the
quoted authors observed after the higher temperature
exposure of ducks also an increase in the amount of
erythrocytes and haemoglobin in the ducks. Based on
the experiment that we performed, we can say that
increased environmental temperature has a negative
impact on the haemoglobin synthesis, which can result
in reduced intensity of the overall metabolism. Lower
levels of haemoglobin in the chicken blood can relate
to the effect of higher environmental temperature on
changes in distribution of iron in the organisms of
broilers, these changes are described by Jamadar and
Jalnapurkar (1995). This can influence also the ho-
meopoetic processes. On the other hand, the increase
in leucocytes in the blood of the chickens can be in
direct relaton to the heat stress the chickens experi-
enced.

The chickens fattened under higher environmental
temperature showed also some significant changes
within the biochemical profile of their blood plasma.
All biochemical changes that we have noticed in the
course of fattening can be divided into two groups.
First group include biochemical changes that occur
regularly during the fattening, These changes are char-
acteristic for gradual increase of the level of total
plasma proteins, plasma glucose, plasma cholesterol
and catalytic concentration of AST. Suchy et al.
(1993a,b) reported similar regularities within the
changes of biochemical profile of blood plasma in
broiler chickens. The second group include biochemi-
cal changes related to the heat exposure of chickens.
While the concentration of plasma proteins did not
change, concentrations of plasma glucose and choles-
terol in the blood plasma were significantly influenced.
The chickens exposed to the higher temperature
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showed significantly or highly significantly lower level
of plasma glucose during the whole period of fatten-
ing, which indicates reduction of chicken energetic
metabolism. Similarly, the chickens exposed to higher
environmental temperature had also lower levels of
cholesterol in their blood during the fattening. Except
for 52nd day of the fattening, the aforementioned
metabolic changes were accompanied also by lower
catalytic concentration AST in the blood plasma. Based
on the aforementioned results, it is clear that a number
of biochemical changes occur within the metabolism
of chickens fattened under an increased air tempera-
ture. These changes have been mentioned already by
Suchy ez al. (1993a,b) in their work.

Ching et al. (1992) state within their study of min-
eral metabolism of broilers that, under a heat stress,
the levels of calcium, potassium and nitrogenous sub-
stances increase. Our work has not confirmed such
relations as chickens were not under acute stress but
our results are consequent to adaptation reaction.

The aforementioned changes in the metabolism of
chickens, also found in our work, indicate that a long-
term impact of higher environmental temperature
significantly reduces inter-medial metabolism in fat-
tened chickens. That might be besides decreased feed
consumption a significant reason for worsening pro-
ductivity (weight increase) and increased mortality of
the fattened chickens. The achieved results support the
conclusions published by Suchy ez al. (1993a,b) and by
Manning and Wyatt (1990).

In conclusion, it can be stated that the air tempera-
ture is one of the most significant abiotic factors that
can significantly influence metabolism of chickens and
thus the whole effect of fattening,
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Primary humoral response in Siberian sturgeon
after exposure to anti-furunculosis bacterin

Primarni humoralni reakce jesetera sibifského po vakcinaci
bakterinem proti furunkuléze

H. KoLMAN

Division of Parasitology, Faculty of Biology, University of Warmia and Mazury, Olsztyn, Poland

ABSTRACT: This study demonstrated the primary effects of humoral response in sturgeon juveniles exposed to a vaccine
based on both Aeromonas salmonicida O-antigen and whole formalin-treated Aeromonas sobria. An experiment was carried
out on Siberian sturgeon with mean initial body weight 40 * 4 g at 2 months of age, reared in a recirculation system at
water temperature 22°C. Intact fish was immersed in a diluted (1 : 10) vaccine suspension for 5 minutes. The control fish
was bathed without supplement. The blood from the fish was taken 11 times at 1-week intervals. The titres of serum anti-
Aeromonas salmonicida antibodies, agglutinating rough bacteria, as well as the levels of y-globulin fraction and total proteins
were determined in the serum. One week after bath vaccination there was an increase in the agglutinin titres to the level
of 29 + 0.5 t0 7.0 £ 2.0. The 2.4-3.7-fold increase in titres was observed in exposed fish (P < 0.001) until week 6. Elevated
(P < 0.01) y-globulin levels (by 50~100% during the first 7 weeks) and total protein contents (until week 10) in experimen-
tal fish in comparison with control juveniles were also determined (P < 0.01). The data document that the immune system
of 2-month sturgeons is fully developed, and the dose of bacterin and other conditions were sufficient to stimulate the
humoral response.

Keywords: sturgeon; vaccination; multivalent bacterin; antibodies; y-globulins; total protein; serum

ABSTRAKT: V této studii byly prokazany primarni t¢inky humorilni reakce u juvenilnich jeseterti, ktefi byli vakcino-
vani O-antigenem kmene Aeromonas salmonicida a celym, formalinem usmrcenym kmenem Aeromonas sobria. Pokus byl
proveden s jeseterem sibifskym o priimérné po&ateéni télesné hmotnosti 40 * 4 g a ve véku 2 mésicd, jehoz odchov pro-
bihal v recirkula¢nim systému pii teploté vody 22 °C. Ryby jsme ponofili na dobu 5 minut do fedéné (1 : 10) suspenze
vakciny. Kontrolni jedinci byly ponofeny do lizné bez vakciny. Vzorky krve ryb jsme odebrali 11x v tydennich interva-
lech. V séru jsme stanovili titry sérovych protilitek proti Aeromonas salmonicida, které aglutinuji bakterie, a hladiny frakce
y-globulinu a celkovych proteinti. Za jeden tyden po vakcinaci doslo ke zvySeni titrti aglutinind na troven 2,9 £ 0,5 2z 7,0
* 2,0. Do 6. tydne jsme u vakcinovanjch ryb pozorovali 2,4 — 3,7ndsobné zvyseni titrd (P < 0,001). U pokusnych ryb
jsme rovnéz zaznamenali zvySené (P < 0,01) hladiny y-globulinu (o 50~100 % béhem prvnich 7 tydnd) a celkovych pro-
teind (do 10. tydne) ve srovnini s juvenilni kontrolou (P < 0,01). Tyto hodnoty potvrdily, ze imunitni systém dvoumé-
si¢nich jesetert je plné vyvinut a davka bakterinu a ostatni podminky byly postacujici pro stimulaci humorilni reakce.

Kli¢ova slova: jeseter; vakcinace; multivalentni bakterin; protilitky; y-globuliny; celkové proteiny; sérum

Immunisation of sturgeons against microbial patho-  immune system in a given species is available. Imple-
gens has not developed as it has for the cultured mentation of vaccination in sturgeon breeding is
cyprinids, salmonids, channel catfish and some other  mainly hampered by the fact that available data describ-
species. Immunisation procedures will be effective only  ing the effect of different bacterins on immune re-
if enough information about the basic properties of  sponse in cultured sturgeons are yet scarce. Aeromonas
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salmonicida is one of the most important bacterial
agents in aquaculture because the host range of this
bacteria includes a wide spectrum of cold-water, warm-
water and marine fish species (Tatner, 1990; Kozitiska,
1999; Dumontet et al., 2000). This pathogen isolated
from healthy fish is responsible for triggering sub-
clinical infection to progress to endemic outbreaks
under different external factors (handling stress, high
densities related stress, thermal shock) because of fu-
runculosis and associated diseases (Austin and Austin,
1987; Kozifska and Antychowicz, 1996; Kozinska,
1999). For the successful control of infection, immune
protection has been described as an effective health
intervention in fish (Hasting and Ellis, 1990; Anderson
and Jeney, 1991; Youkhimenko ez 2/., 1996; Michel and
Hollebecq, 1998; O’Dowd ez /., 1999 and others).

It is not the first approach to get an insight into the
post-vaccination tesponse in Acipenseriformes (Kolman
et al., 1999a,b). It was shown that the administration
of some species of chemically killed bacteria in vaccine
caused a higher response than the application of
outer membrane antigen (Kolman et al., 1999a). The
use of treated psychrophilic bacteria A. salmonicida
and A. hydrophila is not safe, however, because of their
diverse virulence (McCarthy and Rawle, 1975;
Kozinska, 1999). That is why this experiment contin-
ued previous studies on sturgeons immunised against
furunculosis by help of acellular soluble antigen pre-
pared from Aeromonas salmonicida together with an
appropriate multi-antigenic whole formalin-treated
A. sobria. Mesophilic A. sobria is less pathogenic to fish,
at least in Polish conditions (Kozifiska, 1999), but it
possesses an immunogenic potency because of the
multiple antigenic nature of this invader. Research in
sturgeon is mainly focused on making antigens safer
and more accessible that will amplify the immune re-
sponse to protect the fish. The present work was initi-
ated to examine a primary humoral response in
sturgeon challenged with the same soluble extracellular
product of A. salmonicida immunogen and the com-
plex particulate immunogen (Aeromonas sobria) which
as a formalin-treated organism could be used to inter-
act with specific immune response to A. salmonicida
O-antigen.

MATERIAL AND METHODS

After an adaptation period the studies were carried
out on Siberian sturgeon fry aged 2 months and of
average body weight 40 t 4 g reared in tanks, operated

in a water recirculation system, with complex water
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treatment devices installed in. The devices ensured the
following conditions: water temperature 22°C; pH
7.5-8.0; oxygen concentration of about 70% saturation;
total ammonium 0.15 mg/l; nitrites 0.20 mg/L. The fry
in good health was divided into 2 groups, 200 fish in
each, and placed in separate tanks (two tanks for each
group). The pellets produced commercially by a Danish
firm Aller-Molle were given to sturgeons from auto-
matic feeders according the scheme proposed by
Kolman (1999).

The vaccine was prepated on the basis of A. salmo-
nicida O-antigen and an isolate of Aeromonas sobria
chemically killed. Aeromonas salmonicida O-antigen was
supplied by the National Fish Health Research
Laboratory in Kearneysville (US.A). Dried O-antigen
at the dose of 30 mg was dissolved in 500 ml water.
A. sobria isolates were cultured on nutrient agar. The
bacterial isolate contained a dead (formalin-treated)
strain of A. sobria with 600 x 10° bacterial cells per 1 ml
of suspension. Dissolved O-antigen and suspension
of bacterial cells were mixed (1 : 1). The bath for an
exposed group was prepared dissolving 11 of the vac-
cine in 9 | of basin water. The control fish were im-
mersed in water without supplement. Fish were bathed
for 5 min. After the bath procedure the exposed fish
were tinsed using basin water.

Blood was collected 11 times at weekly intervals,
from 10 fish each time in each group. Before blood
sampling, the fish were anaesthetised with Propiscin
(ethamidate solution). Blood samples of not more than
0.5 cm® were obtained by a cardial puncture and were
left to clot at 4°C. The sera were decanted after centri-
fuging complete samples for 10 min at 5 000 rot./min
and assayed in duplicate for the following indices. The
specificity and kinetics of the humoral immune response
of Siberian sturgeon to single exposure to vaccine were
investigated by the serum antibody quantification, using
virulent (rough) A. salmonicida strain as the particulate
antigen. Two-fold serial dilutions (in phosphate buffered
fish saline) were prepared in duplicate from 0.025 cm®
aliquots of sera and were incubated with the known
number of rough strain A. sa/monicida cells. A complete
serodiagnostic procedure was followed according to the
method described by Cossarini-Dunier et a/. (1987).
Analyses of total protein and y-globulin fraction con-
tents in the serum were based on the biuret micrometh-
od described eatlier (Kolman ez al., 2000). For statistical
analyses, means and standard deviations were calculated
for all test values using Student’s ~test. Differences in
means (7 = 10 fish for each group value) were consid-
ered statistically significant at P < 0.05 (*) and highly
significant at P < 0.01 (**).
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RESULTS

The somatic growth (above 5-fold) of sturgeon ex-
posed to bacterin was not significantly higher than that
of the control. The detection of humoral antibody
(Ab) in sturgeon juveniles showed that the elevated
level of soluble anti-A. sa/monicida antibodies was
determined in the blood serum of the studied fish at
successive weeks after bath (Figure 1). One weck after
bath vaccination there was a statistically significant (P <
0.001) increase in the specific agglutinating serum anti-
bodies titres to the mean level of 2.9 £ 0.5 to 7 £ 2.0.
Agglutinating serum Ab titres increased (2.4-3.7-fold)

12

O Control

AR

%

.

AN

NN
NN

N

NN

Specific AB titres (log2)
(=}

N
DN

\

Yz

until week 6, when maximal level was observed (about
8.2 * 1.3). During the last 5 weeks, although the dif-
ferences (P < 0.001) between the groups were main-
tained by the end of the studies (Figure 1), a decreasing
tendency of changes was observed.

Moreover, after 1 week there was a significant (P <
0.01) increase in y-globulin content in the serum to
6.04 £ 1.31 to 10.03 * 2.51g/1. The increasing (about
50-100%) trend was maintained until week 7. The
differences were not significant because of the indi-
vidual differences in the groups (Figure 2). At last, one
week after vaccine exposure, a significant increase in
concentrations of serum total protein to 20 + 1.9 to
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Figure 1. An increase in serum anti-Aeromonas salmonicida antibody titres after bath immunisation in Sibetian sturgeon
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Figure 2. An increase in serum y-globulins content in Siberian sturgeon juveniles after bath immunisation
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Figure 3. An increase in total protein level in the serum of Siberian sturgeon after bath immunisation

34.27 £ 9.57 g/1 (P < 0.01) was determined in exposed
juveniles, then significant differences between intact
and control fish were maintained until week 10 (Figu-
re 3).

DISCUSSION

This study provided data on the action of immuno-
gens against furunculosis in juvenile sturgeons reared
in a water recirculation system. Our data documented
that the applied direct immersion technique was suc-
cessfully used for vaccination of sturgeon juveniles.
Delayed hypersensitivity effects (Landolt, 1989) were
also described here. The results show the magnitude
of the ongoing anti-Aeromonas salmonicida antibody
response by increasing the titres in the serum of vac-
cinated sturgeons. Evaluating the results of agglutina-
tion test, attention was paid to the fact that the rough
A. salmonicida bacteria capable of autoagglutination
(Koziriska, 1999) could influence the background
level of this parameter. So, enhanced changes in y-glo-
bulins confirmed the humoral response (expressed by
the value of antibody titres) in exposed sturgeons. As
noted, antibody production coincides with the en-
hanced y-globulin fraction level (Figure 2). Both rele-
vant indices are regarded as an estimate of the
specific humoral response in sturgeon like in other
animals (Lukyanenko, 1989).

The increasing tendency of humoral response re-
ported here was caused by the antigenic stimulation of
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exposed fish, and other reasons (Figures 1-3). The dose
of bacterin and other experimental conditions used for
bath vaccination were sufficient to induce immu-
noglobulin production in the studied juveniles
(Figure 1). It can also be concluded that the immune
system of sturgeons is fully developed at 2 months of
age because the juveniles responded rapidly. Duration
of response was observed during the whole study, i.e.
for almost three months. So, principally, the data
documented that the joint application of soluble A.
salmonicida O-antigen and formalin-treated whole A.
sobria in immersion was immunogenic for sturgeons.

As noted earlier, it was found out that the changes
in anti-A. salmonicida antibody titres were in accord-
ance with the changes in haemagglutinin titres in im-
munized Siberian sturgeon as well as in bester F3
(Kolman ez 4., 1999a,b). It is worth mentioning that
their levels did not differ (Kolman ez 4/, 19992a) sug-
gesting that they are as the two sides of the same
medal, i.e. both haemagglutinins and “specific” anti-
bodies were recruited from the same pool. So it seems
that the evidence for a specific response in sturgeon is
still rather suggestive. Surprisingly, it was recognised
that sturgeon antibody molecules resemble the human
IgM possessing the IgH locus with a translocon type
of organisation (Partula and Charlemagne, 1993;
Adkison ez al., 1996; Lundqvist ez a/., 1996, 1998). This
type of gene organisation with addition of exonuclease
activity (introduction of P- and N-nucleotides at the
sites of rearrangement) is capable to ensure the diver-
sifying mechanisms that will generate different clones
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of antibodies. If so, the production of monoclonal
antibodies would provide possibilities for the recogni-
tion of lymphoid cell subpopulations in sturgeon.

In the environment of poikilothermic sturgeons,
there are high counts and variety of potential micro-
bial pathogens, capable of undergoing mutation at a
high rate. That is why it seems that the germ-line cod-
ing guided by evolutionary selection for specific rec-
ognition mechanisms for each potential invader would
not be possible. In reality, instead (of developing those
mechanisms), upstream to such direction of adapta-
tion, the fish were “equipped” with IgMs that are
characterised by low specificity. On the other hand,
those molecules are attributed to stronger avidity and
antigen-complexed antibodies of class IgM are capable
of activating a complement system to the largest extent
in comparison with immunoglobulins of other classes.
It is interesting that the complement activity in stur-
geon is much higher than in teleost species (Lukyanenko,
1989), maybe because of different spatial structure of
sturgeon antibodies and (following from this citcum-
stance) higher maximum functional valence of their
antibodies. Current research on intraperitoneal vaccina-
tion in sturgeons resulted in the activation of a range
of non-specific defence mechanisms (Kolman ez /,
1999a,b), suggesting participation and cooperation
between lymphoid and phagocytic cells. Such coop-
eraton has been expected especially in the case of
animals immunised via immersion as at the present
work, because of the considerable accumulation of
phagocytic cells in the pharyngeal and gill regions of
the fish (Manning, 1981; Fange, 1986; Ivanova,
1995).

Without doubt, immuno-physiological study in
Acipenseriformes remains a very fascinating prospect
because sturgeons with their long length of life (both
individual and historical) may have evolved especially
efficient defence mechanisms than other animals.
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Study on a relation between estrogen receptor (ESR)
gene polymorphism and some pig reproduction
performance characters in Polish Landrace breed

Studium vztahu mezi polymorfismem genu receptoru estrogenu
(ESR) a nékterymi znaky reprodukce u prasat plemene landrase
polska

M. Kmiec!, J. DVORAK?, L. VRTKOVA?

! Agricultural University of Szczecin, Poland

2Mendel University of Agriculture, Brno, Czech Republic

ABSTRACT: The study was carried out in a pedigree herd of 8 boars and 207 sows of the Polish Landrace breed. The
polymorphism of the ESR gene was found by means of the PCR-RFLP method. The amplification resulted in a product
of 120 base pairs. The product was then digested with the PvulI restriction enzyme. The two alleles of the ESR gene were
identified — ESR® allele — 120 bp, ESR® — 65 and 55 bp. The frequency of ESR* was 0.9419, whereas that of ESR® was
0.0581. The frequency of the AA genotype was 0.8837, whereas that of AB was 0.1163. The ESR BB genotype was not
found in the pig population under study. The study focused on the relation between ESR/ Prull genotypes and the number
of teats on the left and on the right side, total number of teats in sows, number of piglets in the 1st, 2nd, 3rd, 4th and 5th
litters and farrowing age of the first five litters. The initial data for calculations were transformed from the discrete scale
to the normal one. The analysis of the relation between the ESR genotypes and reproduction performance characters in
the pedigree pigs in five subsequent litters showed small and statistically insignificant differences between the sows of ESR
AA and ESR AB genotypes.

Keywords: estrogen receptors; gene polymorphism; pig; reproduction

ABSTRAKT: Sledovini se uskuteénilo ve Slechtitelském chovu (8 kanct a 207 prasnic) plemene polska landrase. Poly-
morfismus genu ESR byl zjistovin PCR-RFLP. PCR produkt o 120 bp byl stépen enzymem Puull. Zijistili jsme alelu
ESRM = 120 bp, ESR® = 65 a 55 bp. Frekvence ESR® byla 0,9419 a ESR® 0,0581. Frekvence genotypu AA dosahla hod-
noty 0,8837 a frekvence AB 0,1163. Genotyp ESR BB jsme ve sledované populaci prasat nezjistili. U prasnic bylo sle-
dovini zaméfeno na vztah mezi genotypy ESR/Pvull a poctem strukii na levé i na pravé strané, poctem selat v 1., 2., 3.,
4. a 5. vrhu a vékem prasnic. Pro vypocty jsme provedli transformaci ptivodnich udaji z nespojitého na normalni
rozlozeni. Analyza vztahu mezi genotypy ESR a znaky reprodukce v péti vrzich ukizala statisticky nepriikazné rozdily
mezi prasnicemi genotypt ESR AA a ESR AB.

Kli¢ova slova: prase; receptor estrogenu; polymorfismus; reprodukce

Reproduction plays a key role in the successful pro- The size of a litter is crucial since the cost of produc-
duction of farm animals, specially in the case of so ing a piglet is inversely proportional to the size of
called multiple-litter animals, e.g. livestock. a litter in sows. Selection for the size of a litter is
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rather difficult because this character is of low herit-
ability.

One of the methods used to identify genetic factors
that influence quantitative characters is the analysis of
the polymorphism of a gene regarded as “gene-candi-
date”, the products of which (e.g. hormones) take part
in physiological processes leading to the expression of
a certain quantitative character. Genes that determine
the synthesis of hormones control metabolism thus
influencing the productivity of animals and moreover
they can help improve significant characters.

The ESR gene located at the end of the first chromo-
some branch in pigs as “gene-candidate” of reproduc-
tion traits (Rothschild ez al., 1995).

The ESRs in females are found in endometrium cells
and their quantity in sows increases after 60 days of
pregnancy (Vallet and Christenson, 1996). The muta-
tion within the ESR gene results in changes leading to
disturbances of reproduction. Such mutations in hu-
man beings may result in occasional abortion and in
transgenic mice with the non-active ESR gene signifi-
cant phenotype changes in the reproduction system
were reported (Dvofiik et al., 1998).

The purpose of this study was to find the frequency
of the mutation of ESR gene identified with Pyull
enzyme as well as a possible relation between ESR
genotypes and reproductive characters in the herd of
sows of the Polish Landrace breed.

MATERIAL AND METHOD

The study was conducted on a pedigree herd of Polish
Landrace maintained on a farm in the north-west of
Poland and consisting of 207 sows and eight boars.

ESR genotypes were determined by means of the
PCR-RFLP method. The fragment of DNA of 120
bp was amplified through starter sequences described
by Short et al. (1997): forward primer 5-CCT GTT
TTT ACA GTG ACT TTT ACA GAG-3" and reverse
primer 5"-CAC TTC GAG GGT CAG TCC AAT
TAG-3'. The following amplification parameters were
applied: 94°C for 5 minutes followed by 35 cycles: 94°C
for 40 seconds, 55°C for 60 seconds, 72°C for 40 sec-
onds. The reaction was completed by the final synthe-
sis; 72°C for 5 minutes. The PCR products were
digested with 5 units of the Pvall restriction enzyme
(MBI Fermentas) — 3 hours at 37°C. The restriction
fragments of DNA were separated by means of elec-
trophoresis in 3.5-4% agarose gel stained with ethid-
ium bromide. After the electrophoresis the gels were
analyzed in the UV rays. The restriction fragments were
determined and compared with the pUC19/Mspl
marker (Figure 1).

The data on the performance of sows were taken
from the herd book and they included the information
on the number of teats on the left and right side, total
number of teats, number of piglets in certain litters (males
and females) and age of sows on the farrowing day.

44— 120bp

<4— 65 bp
<4— 55 bp

Figure 1. PCR-RFLP fragments of porcine ESR gene digested with Pvull. AA, BB — homozygotic genotypes; AB —

heterozygotic genotype; M — pUC19/Mspl DNA marker
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Table 1. Frequency of genotypes and alleles of ESR gene in the studied population of pigs
o ESR genotype ESR allele
AA AB BB Total ESR? ESR®
7 1 - 8 0.9375 0.0625
Boars
frequency 0.8750 0.1250 - 1.000
n 183 24 - 207 0.9420 0.0580
Sows
frequency 0.8841 0.1159 - 1.000
n 190 25 - 215 0.9419 0.0581
Total
frequency 0.8837 0.1163 — 1.000

Table 2. Means and standard deviations for teat number in sows carrying different ESR genotypes

ESR Number Number of left-side teats Number of right-side teats Total number of teats
genoype of sows
mean SD mean SD mean SD
AA 183 7.46 0.49 7.28 0.53 15.13 0.78
AB 24 7.30 0.48 7.12 0.56 14.97 091
Total 207 7.44 0.49 7.27 0.53 15.11 0.79
No significant differences were found between genotypes
Table 3. Number of piglets in the first five litters of sows with different ESR genotypes
ESR L Number Number of piglets in a litter X a‘.:'\r%)iv?;g
genotype of sows total males females (days)
mean SD mean SD mean SD mean SD
AA I 183 10.39 1.46 6.46 3.11 5.51 2.80 347.9 475
AB 24 10.07 1.29 6.43 3.47 5.07 1.97 350.8 54.6
Total 207 10.36 1.44 6.46 315 5.46 271 348.2 48.2
AA 1I 165 10.42 0.91 4.78 1.34 5.61 1.70 522.1 53.8
AB 20 10.07 1.67 3.94 1.21 6.36 1.82 544.0 88.8
Total 185 10.38 0.97 4.69 1.35 5.69 1.73 524.5 58.7
AA 111 134 10.62 1.14 5.01 1.33 5.67 1.97 731.5 68.7
AB 16 10.44 0.64 5.08 1.03 4.96 1.68 761.6 95.8
Total 150 10.60 1.10 5.01 1.30 5.59 1.95 734.7 72.2
AA v 113 1007 098 452 117 554 185 8952 748
AB 14 10.01 1.13 4.15 1.02 5.98 1.63 957.0%% 117.7
Total 127 10.07 1.00 4.48 1.16 5.59 1.82 902.0 82.3
AA v 88 1012 099 498 131 520 187 10901 822
AB 12 10.10 0.96 5.49 1.71 4.23 1.67 11085 106.2
Total 100 10.12 0.98 5.04 1.37 5.08 1.87 10923 85.1
AA -V 88 50.80 225 28.74 3.84 2212 4.94
AB 12 50.05 1.68 28.95 2.87 21.11 2.75
Total 100 50.71 2.20 28.76 3.72 22.00 4.73
*P<0.05; *P<0.01
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The data on the number of teats and piglets per lit-
ter were transformed from the discrete scale to the
quantitative one according to the procedure described
by Snell (1964) and corrected in terms of year/season
of litter birth by means the multiplier correction (Zuk,
1989) and finally the relation between ESR genotypes
and reproduction performance characters in sows was
analyzed by the analysis of variance. The significance
of differences was checked by multiple Duncan’s test
along with the Statistica ‘99 calculation package pro-
cedure.

RESULTS AND DISCUSSION

The PCR reaction resulted in a product of 120 bp
that was digested with the Pyull restriction enzyme.
The above process produced one band on agarose gel
at the level of 120 bp, i.e. ESR/Pvull AA genotype ot
three bands of 120, 65 and 55 bp ESR/Pyull AB
genotype, respectively as compared with the pUC19/
Mspl molecular marker (Figure 1).

Two ESR genotypes were identified in the studied
pedigree herd of 207 sows and 8 boars of the Polish
Landrace breed: AA and AB genotypes. The frequen-
cy of AA genotype was 0.8837 and that of AB was
0.1163 (Table 1). The ESR/ Pvull BB genotype was not
found in the herd concerned. The distribution of
ESR/PurIl genotypes within the studied population
did not differ significantly from that expected accord-
ing to Hardy-Weinberg rule.

The frequency of ESR/Puvll AA genotype was
0.862, that of AB genotype — 0.128 and that of BB —
0.010, as reported by Dvorék ez l. (1999) in the study
concerning 114 sows of the Polish Landrace bred in
Poland. The same breed kept in the Czech Republic
produced the following frequency of ESR genotypes:
AA —0.799, AB — 0.185 and BB — 0.016.

The number of teats on the left and right side and
total number of teats were higher in sows of the ESR
AA genotype, but the differences were small and they
were not significant (Table 2). Short ez al. (1997) also
showed a higher number of teats in sows of the ESR/
PuIl AA genotype and the difference was confirmed
statistically at P < 0.05.

Table 3 presents the number of piglets in the 1st,
2nd, 3rd, 4th and 5th litters and the age of sows of the
Polish Landrace breed on the day of farrowing of the
first five litters versus the ESR/PuIl genotype. The
higher average number of piglets in each of the five
subsequent litters was observed in sows of ESR/Purll
— AA genotype, but the reported differences were too
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small and were not confirmed statistically. Similar re-
sults for the herd of F, sows (Zlotnicka Pied x Polish
Large White) were obtained by Korwin-Kossakowska
et al. (1999). Short ez al. (1997), however, proved the
statistically significant (P < 0.01) advantage of ESR/
PuwIl BB sows in the number of piglets delivered in
the first and subsequent litters of sows in four com-
mercial synthetic lines PIC.

The average age of sows at the first farrowing in the
herd concerned was 348.2 days (+ 42 days) and was
similar to the age reported by other authors in herds
of the Polish Landrace breed, i.e. 347 days (Gru-
dniewska, 1998) and 381.74 days (Czarnecki, 1976).

CONCLUSIONS

The study on the herd of the Polish Landrace pigs
discovered two alleles of the ESR/Pull gene, namely
ESR* and ESR®, that decide on the occurrence of two
genotypes, i.e. ESR AA and AB (the frequency of
0.8837 and 0.1163 respectively). The ESR BB genotype
was not found in the herd concerned.

The analysis of the relation between genotypes and
the reproductive performance characters showed a
small difference in favor of the ESR AA that was nor
confirmed statistically.
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Analysis of relations between polymorphism in
steroid 21-hydroxylase gene (CYP2I) and quantitative
and qualitative characters of boar semen

Analyza zavislosti mezi polymorfismem v genu steroidni
21-hydroxylazy (CYP21) a kvantitativnimi a kvalitativnimi znaky
kanciho spermatu

M. KMieG, J. Z1EMAK, A. DYBUS, S. MATUSIAK

Agricultural University of Szczecin, Poland

ABSTRACT: The steroid 21-hydroxylase gene (CYP2I) located on chromosome 7 in pigs in region SLA class III in the
DNA segment between regions SLA class I and SLA class II is regarded as a “gene-candidate” of reproductive characters.
The purpose of this study was to find a relation between the frequency of mutation in the CYP2! gene in boars and
qualitative and quantitative characters of the semen under study. The study included 88 boars from which the semen was
taken to inseminate sows. The CYP21 polymorphism was determined by means of the PCR-RFLP method. The amplifica-
tion product was digested with the HaeIIl endonuclease. Two alleles of the CYP2I were identified: CYP2I allele — 448
bp and CYP21® allele - 350 and 98 bp. The frequency of CYP2I* was 0.1989, whereas that of CYP2I® was 0.8011. Two
CYP21 genotypes were found in the boars under study. The frequency of the AB genotype was 0.3978 and that of BB was
0.6022. An analysis of the relation between the CYP21 genotypes and boar semen characters showed statistically significant
predominance of boars with the AB genotype in terms of the percentage of normozoosperms, number of normozoosperms
in a dose and higher number of sperm cells in the insemination dose.

Keywords: Sus scrofa; steroid 21-hydroxylase gene (CYP21I); semen characters

ABSTRAKT: Gen steroidni 21-hydroxylizy (CYP21) lokalizovany u prasete na chromozomu 7 v oblasti III. ttidy SLA,
na segmentu DNA mezi oblastmi SLA I. a SLA II. tidy je povaZovin za kandiditn{ gen pro reprodukéni znaky. Uéelem
této studie bylo sledovini zavislosti mezi vyskytem mutace v genu CYP21 a kvalitativnimi a kvantitativnimi znaky sper-
matu u kancit. Do studie bylo zahrnuto 88 kanct pouzivanych k inseminaci prasnic. Polymorfismus CYP2! jsme stanovili
metodou PCR-RFLP. Produkt amplifikace byl $tépen Haelll endonukledzou. Zjistili jsme dvé alely CYP2I: alelu CYP214
— 448 bp a alelu CYP21® - 350 a 98 bp, s frekvencemi 0,1989 a 0,8011. U kanci byly identifikoviny pouze dva genotypy
CYP2I s frekvencemi AB = 0,3978 a BB = 0,6022. Analjza asociaci genotypt CYP2I se znaky spermatu ukéizala stati-
sticky pritkazné lepsi parametry u kancti s genotypem AB v procentickém zastoupeni normozoospermii, poctu normo-
zoospermii a spermatozoidii v inseminacni davce.

Kli¢ova slova: Sus scrofa; gen steroidni 21-hydroxylazy (CYP21); znaky spermatu

Reproduction is an important factor that affects the
profitability of animal production. Reproduction char-
acters are influenced by a2 number of genes and envi-
ronmental factors that modify the phenotype value of
the characters. The progress in research on the pig
genome made it possible to identify the polymorphic
loci of individual genes that control the reproduction
characters and may influence the reproduction of
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animals, The CYP21 is located on pig chromosome 7
(Geffrotin et al., 1987) in region SLA class III
(Geffrotin et al., 1990) in the DNA segment between
regions SLA class I and SLA class II (Geffrotin et al.,
1991). It consists of about 3 050 bp, contains 10 exons
separated by introns and codes for protein of 492
amino acids (Burghelle-Mayeur et /., 1992).
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One of the most important enzymatic complexes
that take part in the synthesis of adrenal steroids is
steroid 21-hydroxylase (Kupczyk ez al., 1996). It
takes part in the synthesis of mineralcorticoids and
glucocorticoids. It converts substrates of 17-hydrox-
yprogesterone and progesterone into 11-deoxycorti-
costerone, thus leading to the synthesis of cortisol and
aldosterone (Geffrotin e al, 1990). The steroid
21-hydroxylase contains cytochrome P450 reductase
and cytochrome 450,, (Vinson ez 4/, 1992). The deficit
of cytochrome 450,, prevents the synthesis of gluco-
corticoids and mineralcorticoids and leads to the hy-
petsecretion of adrenal androgens (Wilson and Grifin,
1994; New et al., 1994). Changes in CYP2I gene to-
gether with its regulation sequences can dramatically
change the physiology of farm animals and conse-
quently affect the productivity (Geffrotin ez 2/, 1990).
The molecular polymorphism in CYP2I gene was
confirmed by the RFLP technique using a fragment of
swine CYP21 gene as a probe and discovered to ex-
hibit quite a high frequency (Geffrotin ez 4/, 1991).
According to Burghelle-Mayeur ez a/. (1992) the normal
functioning of CYP21 is essential in the whole life and
can significantly affect the expression of certain char-
acters. That is why the CYP21 in pigs that is located
within SLA class III can greatly influence characters
that influence some reproduction performance char-
acters in pigs.

The purpose of this study was to find the frequency
of mutations in the CYP2! gene and to attempt to
determine relations between CYP2I genotypes and
qualitative and quantitative characters of the boar se-
men.

MATERIAL AND METHOD

The study was carried out in a pedigree herd of 88
boars of different breeds kept at pedigree stations. The

Table 1. Number of boars in breed groups

semen was taken from boars to inseminate sows kept
at the same stations (Table 1).

DNA for the study was obtained from the whole
blood sampled into vacuum test tubes containing the
K,EDTA as an anticoagulant. The isolation was carried
out by means of the Master Pure kit of Epicentre
Technologies. Such an isolation procedure produced
DNA of 75-85 pg/ml and about 90% purity.

Genotypes of the CYP2I were determined by the
PCR-RFLP method. The fragment of DNA of 1 271
bp was amplified through starter sequences described
by Knoll ez al,, 1998: forward primer 5-TGG CAG
GCC TAC TGA GTT CA-3' and reverse primer 5'-
GCA GAC GCA GCA CCT CAG CAA TG-3". The
following amplification parameters were applied: 95°C
for 2 minutes followed by 35 cycles: 95°C for 1 minute,
55°C for 60 seconds, 62°C for 1 minute, 72°C for
4 minutes. The reaction was completed by the final
synthesis; 72°C for 5 minutes. The PCR product was
digested with 6 units of Haelll endonuclease for 3
hours at 37°C. The restriction fragments of DNA were
separated by electrophoresis in 1.5% agarose gel
colored with ethidium bromide. After the electrophore-
sis the gels were analyzed in UV rays.

The data collected on the reproduction performance
of boars concerning semen characters such as semen
volume, sperm concentration, percentage of normo-
zoosperms, number of normozoosperms in ejaculate,
number of normozoosperms in an insemination dose,
number of insemination doses. The data covered 10
297 ejaculates. 2 049 ejaculates taken from boars of
221-420 days of age were subjected to analysis due to
eliminate the influence of age on the characters under
study. The period of semen collection was divided into
two seasons: season I — 1 March to 30 September
(spring-summer season), season II — 1 October to
29 February (autumn-winter season).

The statistical analysis within quantitative characters
versus the CYP21 genotypes was carried out by means

No. Breed Number of boars
1 Polish Landrace (PL) 24
2 Polish Large White (PLW) 13
3 Pietrain (P) 6
4 Duroc x Pietrain (D x P) 14
5 Pietrain x Hampshire (P x H) 17
6 Duroc x Hampshire (D x H) 4
6 Synthetic line (L-890 — 2; L-990 — 3; P076 — 2) (SL) 7
8 PIC 3
Total 88
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of the least-squares method (Harvey, 1987) according
to the following model:

Y.”.H =p+a,.+bj+q_+d,+(ab),.j+(ac)‘.,l+(ad)‘.,+e,.jkh

where: Y, = chamcter value for ith-CYP21 genotype,

jth-year, kth-season , fh-breed
p = mean for the population
a, = constant effect of #h-CYP2I genotype (i=1,2)
bj = constant effect of sth yeat (j=1,2,...6)
¢, = constant effect of Ath season (¥=1,2)
d, = constant effect of Ahboar breed (/= 1,2, ..8)

(ab);; = effect of CYP2I genotype x year interaction
(ac),, = effect of CYP21 genotype x season interaction
(ad), = effect of CYP2I genotype x breed interaction

Ew. = error

The values of characters under study were expressed
by least-square means and their standard errors.

RESULTS AND DISCUSSION

The PCR reaction resulted in a product of 1 271 bp
that was digested with the HzellI restriction enzyme
at 37°C for 3 hours and then subjected to electrophore-
sis. The above process produced 12 restriction frag-

ments of 7 to 448 base pairs on the agarose gel. The
polymotphic site for HaelIl endonuclease was located
in a fragment of 448 base pairs at position 1 762. The
restriction fragments of 448, 350 and 98 bp — CYP21
genotype AB and 350 and 98 bp — CYP21 genotype
BB were obtained compared to the DNA pUC19/Mspl
molecular marker.

Two CYP21] alleles were identified in the boar herd
under study: CYP2I* allele and CYP21® allele that
controlled two genotypes, namely CYP21 AB and
CYP21 BB. CYP21* exhibited the frequency of 0.1989,
whereas the frequency of CYP2I® was 0.8011 (Table 2).
The highest frequency of CYP21* was found in Pietrain
boats (0.3333) and the crosses of Duroc and Hampshire
(D x H) exhibited none of the allele concerned.

CYP21 AA was not found in the tested breeds. The
frequency of CYP21 AB was 0.3978, and that of
CYP21 BB was 0.6022. The frequency of CYP21 AB
in certain breeds ranged from 0.2857 (synthetic lines)
to 0.6667 (Pietrain), and that of CYP2I BB from
0.3333 (Pietrain) to 1.0000 (D x H) — see Table 2.
CYP21 AB was frequently found in the boars of Polish
Large White (PLW) breed (0.5385) and in D x P cross-
breds (0.5000). CYP21 BB was frequently identified in
the boars of synthetic lines (SL), 0.7143, and of Polish
Landrace (PL) breed, 0.7083 — see Table 2.

Table 2. The frequency of CYP2I genotypes and alleles in the herd of boars under study

i CYP21 genotype CYP21 allele
AA AB BB Total cyr21A cYr21®

PL n - 7 17 24 0.1458 0.8542
frequency 0.0000 0.2917 0.7083 1.0000

PLW n - 74 6 13 0.2692 0.7308
frequency 0.0000 0.5385 0.4615 1.0000

P n - 4 2 6 0.3333 0.6667
frequency 0.0000 0.6667 0.3333 1.0000

DxP n - 7 i/ 14 0.2500 0.7500
frequency 0.0000 0.5000 0.5000 1.0000

PxH =n - 7 10 17 0.2058 0.7942
frequency 0.0000 04118 0.5882 1.0000

DxH =n - - 4 4 0.0000 1.0000
frequency 0.0000 0.0000 1.0000 1.0000

SL n - 2 5 7 0.1428 0.8572
frequency 0.0000 0.2857 0.7143 1.0000

PIC n - 1 2 3 0.1667 0.8333
frequency 0.0000 0.3333 0.6667 1.0000

Total n = 35 53 88 0.1989 0.8011
frequency 0.0000 0.3978 0.6022 1.0000
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Table 3. Significance of the influence of factors covered in statistical model on examined characters of boars semen

Interaction
CYP21 geno-
Character type Xeat REaRak Breed CYP21 geno- CYP21 geno- CYP2I geno-
type x year type x season type x breed
DF 1 5 1 7 4 1 6
Ejaculate volume 0.119 6.596** 5.568* 22.209** 4.388** 0.685 3.277%*
Sperm concentration 0.936 8.422** 3.024 40.388** 4.681** 0.043 9.832%*
Normozoospermia percentage 31.968** 44,739%* 4.377* 24.671** 6.009%* 3,653 14.715%*
Mt b nopuozeosper- 6.603%* 5.806% 5.037* 36.079%* 0.907 0.649 5.533%
mia in ejaculate
Humbet of spats incingeg: 10.922%* 16.877+* 11.902%* 11.625%* 3.575%* 0.051 6.307+
tion dose
Number of insemination doses 0.625 8.237%* 4.892* 18.795%* 1.099 0.163 3.685%*
Boar age 0.681 35.104** 14.563** 16.925%* 17.255%* 27.662%* 9.958**

66161 (5) Z00T ‘Lp “10S "wauy °r Y22z

*significance of differences at P < 0.05; **significance of differences at P < 0.01
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Table 4. Values of the studied semen characters in reference to CYP21 genotype

s = C YPZ; Bgenotype . ol
1. Number of ejaculates 753 1296 - 2049
2. Semen volume (cm?) LSM 228.6 226.6 n.s. 227.6
SE 52 4.6 n.s. 4.0
3. Sperm concentration (mln/cm?) LSM 540.2 532.6 n.s. 536.4
SE 7.7 6.3 5.5
4. Normozoosperms LSM 75.7 73.9 ok 74.8
SE 0.3 02 - 0.2
5. Number of live sperms LSM 91.7 85.9 * 88.8
in ejaculate (bln) SE 2.1 1.8 1.6
6. Number of sperms LSM 4.0 39 K 4.0
in insemination dose (bln) SE 0.03 0.03 0.02
7. Number of insemination doses LSM 23.6 23.1 n.s. 234
SE 0.6 0.5 0.4
8. Boar age (days) LSM 321.0 323.6 n.s. 3223
SE 3.0 2.6 23

**P < 0.01; n.s. = non-significant

The observed frequency of CYP21 genotypes cor-
responded with that calculated according to Hardy-
Weinberg formula.

Relations between the CYP21/ Haelll polymorphism
and the semen volume (cm?), ejaculate sperm concen-
tration (mln/cm®), percentage of normozoosperms,
number of normozoosperms in ejaculate (bln), number
of sperm cells in an insemination dose (bln), number
of insemination doses and boar age at semen collection
were subjected to an analysis, however, the ejaculates
taken from boars aged 221420 days were considered.
The analysis showed that the semen qualitative and
quantitative characters were influenced by the year
(P < 0.01), breed (P<0.01) and semen collection season
(P<0.05 and P £ 0.001). Some statistically significant
interactions were also found, namely: CYP21 genotype
x year, CYP21 genotype x breed. The interactions such
as CYP2I genotype x season were not statistically
significant for the boar semen (Table 3). All factors
concerned were considered in a statistical model that
helped identify the relations between CYP21 genotypes
and boar semen characters.

Table 4 presents average values of the boar semen
characters and their standard errors versus the CYP
21/ Haelll genotype. The total number of analyzed
ejaculates was 2 049 and they were taken from 88 boars
aged 221420 days that were kept at the reproduction
station. 753 out of the total number of ejaculates were
taken from boars of the CYP2I1 AB genotype, and
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1 296 ejaculates came from boars of the CYP21 BB
homozygotes.

The average semen volume for all boars under study
was 227.6 cm? and fell within the range of 50-245 cm®
teported by Dubiel ez 4/. (1985a,b) and Wilk (1986) —
140 cm® minimum for boars of that age. A larger aver-
age volume was found in the boars of CYP2I AB
genotype, the difference, however, was small and sta-
tstically non-significant. The average sperm concentra-
tion in ejaculates under study was 536.4 x 105 A
slightly higher concentration than for the whole herd
was found in ejaculates from the boars of CYP2I AB
genotype (540.2 x 10%), the average for the CYP2I
BB animals being 532.6 x 10°. The differences were
small and statistically non-significant (Table 4).

The percentage of normozoosperms in the boar
semen under study was 74.8%, which corresponded
to the data reported by Wilk (1986) — 60% minimum
and Grudniewska (1998) — 70%. The statistically
significantly (P < 0.01) higher percentage was found
in the semen of CYP21 AB boars (75.7%). The value
for CYP21 BB boars was 73.9%.

The average number of normozoosperms in the
semen was 88.9 x 10°. The semen from CYP2I AB
boars exhibited a significantly (P < 0.01) higher number
of normozoosperms in the ejaculate (91.7 x 10°) than
in the semen from CYP2I BB boars (85.9 x 10°).

The average number of sperm cells in an insemina-
tion dose in boars under study was 4.0 x 10°. The
doses from CYP2I AB boars contained 4.0 x 10°
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sperm cells and the number was statistically signifi-
cantly (P<0.01) higher than the number found in the
CYP21 BB boars (3.9 x 10°).

One ejaculate produced 23.4 insemination doses on
average. The CYP21 AB boar ejaculates produced
23.6 doses whereas the CYP2I BB produced 23.1
doses. The differences in the number of insemination
doses from one ejaculate were not confirmed statisti-
cally.

CONCLUSIONS

The preliminary study showed that CYP21/Haelll
AB boars produced ejaculates of larger volume, con-
centration of sperm cells and higher percentage and
number of normozoosperms in the ejaculate. A
higher number of insemination doses containing more
sperm cells was obtained. The statistically significant
(P<0.01) predominance of the CYP2I AB genotype
should be noticed as far as the percentage of normo-
zoosperms, number of normozoosperms per ejaculate
and number of sperm cells in an insemination dose are
concerned .

The study suggests a possibility of using the existing
polymorphism in the CYP2I gene identified with
Haelll enzyme to improve some reproduction charac-
ters of boars within the qualitative and quantitative
characters of semen. The results, however, should be
verified by further research on a larger number of
animals despite the predominance of CYP21/Haelll
AB shown in terms of the percentage of normo-
zoosperms, number of normozoosperms per ejaculate
and number of sperm cells in an insemination dose.
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Occurrence of Bacillus cereus and Bacillus licheniformis
strains in the course of UHT milk production

Vyskyt kment Bacillus cereus a Bacillus licheniformis v procesu
vyroby UHT mléka

M. VyiLerELovA!, P. SvEC?, Z. PACOVAZ 1. SEDLACEK?, P. RouBar?

"Research Institute for Cattle Breeding, Rapotin, Czech Republic
ZCzech Collection of Microorganisms (CCM), Faculty of Natural Science, Masaryk University, Brno, Czech Republic
3Dairy Research Institute, Prague, Czech Republic

ABSTRACT: Transfer of Bacillus cereus and Bacillus licheniformis strains from milk into final products (UHT milk) was
studied. Phase milk samples were collected during the whole time of milk processing (one milk batch) in collaboration with
the dairy. Representative B. cereus and B. licheniformis strains were characterised and compared by ribotyping with EcoR1
enzyme and a probe complementary to Escherichia coli 16S and 23S trRNA as well as by phenotyping. According to 26
phenotypical traits the B. licheniformis strains formed almost a homogeneous group. In contrast, B. cereus strains exhibited
variable results in several tests. The hybridisation profiles divided the analysed strains into two groups in full accordance
with their species classification. Band patterns of B. cereus strains showed similarities ranging from 77 to 97%; this similar-
ity values correlated with biochemical test results as well. B. licheniformis strains exhibited band pattern similarities from
82 to 100%. The hybridisation profiles of B. licheniformis strains B79 (pasteurized milk) were absolutely identical (100%
similarity). Their phenotypical test results were identical as well. These results imply the identity of the strains isolated in
the course of UHT milk production.

Keywords: Bacillus cereus; Bacillus licheniformis, raw milk; pasteurised milk; UHT milk; ribotyping

ABSTRAKT: Byl sledovin mozZny prinik kment Bacillus cereus a Bacillus licheniformis ze syrového mléka do finilntho
vyrobku, konkrétné UHT mléka. Ve spoluprici s mlékirnou byl proveden odbér fizovych vzorkd mléka béhem celého
procesu zpracovan{ jedné arze mléka. Reprezentativni kmeny obou druhd byly charakterizovany a srovnény ribotypizaci
s enzymem EcoRI a sondou komplementirni k E. coli 16 a 23S rRNA. Zatimco kmeny B. licheniformis tvotily na zakladé
26 fenotypovych vlastnosti témét homogenni skupinu, kmeny B. cereus se vzijemné lisily. Ziskané hybridizaéni profily
rozdélily vSechny analyzované kmeny do dvou skupin, které odpovidaly jejich druhovému zafazeni. Hybridizaéni profily
zastupct B. cereus vykazovaly vzajemné 77 az 97% podobnost, kterd rovnéz korelovala s vysledky biochemického tes-
tovini. Podobnost hybridizaénich profili kment B. licheniformis byla v rozmezi 82 a% 100 %. Hybridiza¢ni profily kmend
B. licheniformis BT9 (pasterizované miéko) a B82 (UHT mléko) byly naprosto totozné (100% shoda), stejné jako
i vysledky biochemickych a fyziologickyjch testi. Podporuji domnénku o identité kmenu izolovanych v procesu vyroby
UHT mléka.

Klitova slova: Bacillus ceerus; Bacillus licheniformis, syrové; pasterované a UHT mléko; ribotypizace

The detection of spore-forming microorganismsin  samples in laboratory conditions (Anonymus, 1997) or
cow’s raw milk is more difficult because of theitr oc-  practical pasteurisation in dairies enable germination
currence in the phase of spores. Devitalisation of milk  of these spores resulting in relatively easier isolation
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of these bacteria on special media (Vyletélova ez 4/.,
2001). Their occurrence in final products is mostly
caused by raw milk contamination and by subsequent
transfer of spores in the course of milk processing.
UHT temperature should extirpate vegetative cells as
well as bacterial spores. Therefore sporadic occurrence
of these food pathogens in UHT milk is usually at-
tributed to milk contamination during technological
processing,

Comparison of biochemical and physiological traits
with the results of various molecular methods was used
for Bacillus strains isolated from raw milk and from
final products to specify the origin or identity of these
food pathogens (Herman ez 4l.,, 1997, 1998; Nilsson ez
al., 1998; Godi¢-Torkar and Smole-Mozina, 2000;
Helgason e al., 2000; Svensson e al., 2000).

Monitoring of the transfer of B. cereusand B. licheni-
formis strains from raw milk to final products (UHT
milk), testing of ribotyping applicability to species
classification and confirmation of B. cereus and B. /i
cheniformis strains identity were the principal objectives
of the present study.

MATERIAL AND METHODS
Sampling and processing of samples

Milk samples (one batch) were collected (250 ml in
sterile samplers) in the course of the whole production
process (transport — final product) from the following
sampling sites: tank RMT, 100 000 1~ raw milk; surge
tank before the pasteur — raw milk; cream behind the
centrifuge; milk behind the pasteur; 1.5% milk fat;
pasteurised milk in the tank before UHT; surge tank
before UHT; final products (8 boxes) after UHT
(138°C, 4 s); 8 final products (UHT milk) after ther-
mostat testing (37°C, 14 days). Milk samples were
frozen, transported to the laboratory and analysed.

Thermostat testing of final products

Samples of UHT milk consumer’s package were
cultivated in an incubator (37°C). Milk samples (200 mI)
were taken after 14 day-incubation; samples were fro-
zen immediately and transported to the laboratory for
microbiological analyses.

Isolation of Bacillus strains

Modified MYP Agar complemented with Egg Yolk
emulsion and Polymyxin B sulphate (HiMedia) and

Milk Agar (Merck) were used for the isolation of Ba-
cillus strains. Milk samples were devitalised (85°C,
10 min) and consequently cultivated 3 days at 30°C as
described by Havlov4 et 2/. (1993).

Morphological characteristics

Colony morphology on blood agar and production
of spores on the nutrient agar complemented with
10 mg MnSO, ‘H,0/1 1 were studied for 1-7 days.

Biochemical and physiological characteristics

Tested strains were cultivated on blood agar (24 h,
37°C). Conventional tests described by Gordon et 4.
(1973) were used for production of catalase, haemoly-
sis, urease, production of acetoin, indole, reduction of
nitrates, hydrolysis of esculin, starch and tyrosine,
growth at 5, 40, 50 and 55°C, growth in 7 and 10%
NaCl, and for acidification of catbohydrates. Arginine
dihydrolase was tested according to Brooks and
Sodeman (1974), ONPG according to Lowe (1962),
phosphatase, hydrolysis of gelatine and Tween 80 ac-
cording to Pacova and Kocur (1978, 1984). Growth
on commercial media Simon’s Citrate Agar (Oxoid),
Bacillus cereus Agar Base (HiMedia) and BBL Anaerobic
Agar was characterised.

Identification was made according to previously
published differentiation tables (Pi¢ova ez al., 1996) on
the basis to 26 phenotypical traits and morphological
characteristics.

Ribotyping

Ribotyping with EcoRI restricdon enzyme and the
probe complementary to Escherichia coli 16S and 23S
fRNA was made according to Svec ez 4/. (2001).
Lambda DNA cleaved by EcoRI and HindIII (Promega)
was used as a molecular weight marker. Band-pattern
analysis and cluster analysis were carried out using
GelCompat II software (Applied Maths, Belgium). B.
cereus CCM 2010" and B. licheniformis CCM 2145"
obtained from the Czech Collection of Microorganisms
were used as reference strains.

RESULTS AND DISCUSSION

Proteolytic and lipolytic enzymes affect the quality
and sensory properties of foods. These groups of
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enzymes are also produced by various Bacillus species;
therefore the microbiological control of milk product
quality includes monitoring of this genus. Bacilli are
classified as health-risky microorganisms that are able
to produce thermoresistant endospores facilitating the
transfer of bacilli to final milk products.

Aerobic growth together with positive catalase reac-
tion enable to distinguish this genus easily from other
gram-positive bactetia producing endospores.

As for milk and milk products, B. licheniformis,
B. subtilis and B. cereus species are the most frequent-
ly isolated bacilli (Griffith and Phillips, 1990; Crielly ez
al., 1994; Pacovi et al., 1996). In total, 158 strains were
isolated from 396 milk samples in the pedod 1999—
2000. Hundred and two strains (64.6%) were identified
as B. licheniformis, 43 (27.2%) as B. cereus, the remain-
ing 8.2 % were classified as different species of Bacillus
and Paenibacillus (Vyletélova et al., 2001). Therefore,
the two most frequent species — B. licheniformis and
B. cereus — were chosen to monitor the transfer of
spore-forming bacteria from raw milk to the final
product (UHT milk).

B. licheniformis strains were found in milk samples
collected from all sampling sites. In contrast B. cereus
strains were seldom isolated from raw milk, pasteurised
milk and UHT milk (Table 1).

These two species are represented by facultatively
anaerobic rods belonging to the 1st morphological
group with oval spores not swelling the cell. Vegetative
cells of B. licheniformis differ from B. cereus cells (latge
rods, in strings); they are smaller and form irregular
clusters. Significant differences are also found in colo-
ny morphology. B. licheniformis strains form almost
rough colonies adhering to the agar, with mucose
droplets in young cultures. In contrast, typical colonies
of B. cereus are round, matt and granular with greenish

tint on the blood agar. In addition to the above de-
scribed morphology, the following tests can be used
for their species differentiation: production of lecithi-
nase, growth at 50°C and in 10% NaCl, ONPG test,
and acidification of mannitol and xylose (Table 2).

In regard to biochemical and physiological traits, all
tested strains of B. licheniformis formed a relatively
homogeneous group; inability to utilise citrate (strains
B77 and B78) and negative arginine dihydrolase activ-
ity (strain B75) were the only vatiable results obtained.
B. cereus strains were characterised by varability in the
following characteristics: Simmon’s citrate, arginine
dihydrolase, growth in 7% NaCl, acidification of cel-
lobiose. Strain B71 was completely atypical: it did not
produce acetoin and lecithinase. The negative egg-yolk
reaction exhibited by B. cereus strain is a remarkable
trait because the production of lecithinase forms a
basis for selectivity of media recommended for the
isolation of this species (Anonymous, 1997).

Ribotyping was made to confirm the species identi-
fication and identity of B. cereus and B. licheniformis
strains isolated in the course of UHT milk produc-
tion.

Ribotyping with restriction enzyme EcoRI separated
unequivocally representative strains of B. cereus and
B. licheniformis into two groups (Figure 1) in full agree-
ment with species identification based on biochemical
and physiological tests. Band patterns of the reference
type strains (B. cereus CCM 2010" and B. licheniformis
CCM 2145") showed high coincidences with both spe-
cies-specific clusters.

Similarities of analysed B. cereus strains ranged from
77 t0 97% (Figure 1). The highest difference was found
for strain B71 isolated from raw milk in tank RMT,
(77% similarity with the type culture of B. cereus CCM
2010"). This result is in full agreement with pheno-

Table 1. Total counts (CFU/ml) of B. cereus and B. licheniformis in phase samples

Sampling site B. cereus B. licheniformis
Tank RMT,, 100 000 1 - raw milk 10 30
Surge tank before pasteur — raw milk 30
Cream behind centrifuge 20
Milk behind pasteur, 1.5% milk fat 20
Pasteurised milk in tank before UHT 50
Surge tank before UHT 10 80
Final products (boxes) after UHT (138°C, 4 s) 10 10
Final products — UHT milk after thermostat testing (37°C, 14 days) 10
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Table 2. Characteristics of the tested strains of B. cereus and B. licheniformis

Smain  yp~ ypr  scI ADH ONP HEM TWE TYR C50 C55 NAC?7 NACI0 MAN Xyl cgr Swmpling Idendfica-

No. site* tion
B 70 + + - + - + sl + - - sl. - - - + 6

B71 = = + + - + + + - - - - - - - 1 g
B72  + + - - - o + o= & - . = = + z =
B73 + + + + = + + sl - - sl - - - sl 1

B75 - ¥, + - + - - - + + + + + + + 1

B76 = + + + + - = 2 + + + + + + + 2

B77 - + - + + - - - + + + sl + + + 3 2
B 78 - + - o + - - - + + + + + + 2 4 c.g
B79 - + + + + - - - + + + + + + + 5 §§
B 80 - + + + + - - = + + + + + + + 6 -
B 81 - + + + + - - - + + + + + + + 7

B 82 - + + + + - = o + + + + + + + 8

* = according to Table 1

+ = positive; — = negative; sL = slightly positive

LEC = lecithinase; VPT = acetoin production; SCI = Simmons’ citrate; ADH = arginine dihydrolase; ONP = B-galaktosidase; HEM = haemolysis;

TWE = hydrolysis of Tween 80; TYR = hydrolysis of tyrosine; C50 and C55 = growth at 50 and 55°C; NAC7 and NAC10 = growth in 7 and 10% NaCl; MAN = mannitol;
XYL = xylose; CEL = cellobiose

Positive reaction: catalase, phosphatase, reduction of nitrates, hydrolysis of gelatine, starch, casein and esculin, growth at 40°C, growth under anaerobic conditions, acidifica-
tion of glucose and fructose

Negative reaction: urease, production of indole, growth at 5°C, acidification of lactose and inositol

07007 () Z00Z ‘L¥ “198 “wiuy 493z
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Figure 1. Band-pattern profiles of B. cereus and B, licheniformis strains. The dendrogram was constructed with Jaccard

coeficients using UPGMA clustering method

typic characteristics (atypical reaction in VP test and
lecithinase as discussed above). In contrast, another
strain isolated from the same sample (B70) showed
high similarity with the other strains isolated from
pasteurised milk and UHT milk (97 and 92%). The
results of ribotyping and biotyping of these two strains
(B70aB71) confirmed the occurrence of two different
B. cereus strains in the same milk sample.

Similarity of analysed B. licheniformis strains ranged
from 82 to 100%. Band-pattern profiles of strains B79
(pasteurised milk) and B82 (UHT milk) wete identical.
However, our results imply that these strains are iden-
tical strains passing through the studied technological
process. This hypothesis (strain identity) should be
confirmed by ribotyping with more restriction enzymes
or by other methods based on the genomic DNA
analysis.

Although only a small number of strains was ana-
lysed in this study, it is evident that these two species
give well detectable and easily distinguishable band-
pattern profiles (Figure 1). It seems that ribotyping
with EcoRI is a useful method for the of species iden-
tification of B. cereus and B. licheniformis mainly in case
atypical results of biochemical test were obtained.
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Meat content in pigs estimated by various methods
and compared with objective lean meat content

Porovnanie odhadovaného podielu svaloviny u osipanych
r6znymi metédami s objektivne zistenym podielom svaloviny

P. Kr$ka, I. BAHELKA, P. DEMO, D. PESKOVICOVA

Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: The aim was to determine the expression ability of apparatuses (Piglog-105, SonoMark SM-100 and Aloka
500) and Two points (TP) method, used for estimation of lean meat content (LMC) of pigs. The weight of muscular sub-
stance, fat tissue with skin and bones was assessed by total dissection of the carcass side. LMC represents the proportion
of muscular substance weight from the right carcass side weight. The results of apparatuses were compared with total dis-
section value of pig carcasses. Slaughter weight in 128 pigs was on average 104.5 kg, Average back fat thickness was 2.28 cm
and eye muscle area was 43.61 cm®. Lean meat content from dissection was 55.67%. Piglog-105 apparatus estimated lean
meat content by 0.36% higher and SonoMark SM-100 by 1.49% higher than total carcass content. The new regression
equation for Aloka 500 showed LMC 55.83%. From special regression equations (sex, production type), only the regression
for meat type is recommended. Lean meat content estimated by Two points method was 55.48%. Correlation coefficient
between estimated LMC (Piglog, SonoMatk, Aloka, TP) and objective LMC was 0.776, 0.759, 0.894 and 0.793, respec-
tively.

Keywords: pigs; carcass quality; lean meat content; Aloka

ABSTRAKT: Ciefom price bolo zistit’ vypovedaciu schopnost’ pristrojov (Piglog-105, SonoMark SM-100 and Aloka
500) a Dvojbodovej metédy pouzivanych na odhad podielu svaloviny (PS) u o$ipanych. Z celkovej rozribky jatocnej
polovice sa zistila hmotnost’ svaloviny, tuku s koZou a kosti. Skutoény podiel svaloviny sa vypo¢ital ako percentuilna &ast’
hmotnosti svaloviny z hmotnosti pravej jato¢nej polovice. Odhadované podiely svaloviny boli porovnivané zo skutoénym
podielom svaloviny. Priemernd hmotnost’ zabfjanych zvierat bola 104,5 kg. Priemernd hribka chrbtovej slaniny bola
2,28 cm a plocha najdlhsieho chrbtového svalu 43,61 cm? Skutoény podiel svaloviny dosiahol hodnotu 55,67 %. Piglog-
105 odhadol in vive PS o 0,36 % viac a SonoMark SM-100 o 1,49 % viac ako bol skutoény podiel svaloviny. Pristroj
Aloka 500 s novonavrhnutou regresnou rovnicou odhadol PS na urovni 55,83 %. Zo $pecialnych rovnic (pohlavie,
uzitkovy typ) sa odporica len regresia pre osipané misového wZitkového typu. Post mortem Dvojbodovou metédou sa
odhadol 55,48 % podiel svaloviny. Korela¢ni zavislost’ medzi odhadovanjmi podielmi svaloviny (Piglog, SonoMark,
Aloka, Dvojbodovi metdda) a skutoénym podielom svaloviny bola na Grovni 0,776; 0,759; 0,894 a 0,793.

Kr'acové slova: osipané; kvalita jato¢ného tela; podiel svaloviny; Aloka

Miles and Fursey (1974) used the sonographic ap-  highly negatively correlated with the lean meat content.
paratus for carcass quality evaluation for the first ime.  This content can be found by some backfat thickness
The basis of carcass quality evaluating is to find out  measures. More recently also the muscle thickness was
the total lean meat content (LMC) and content of used for more exact estimation of carcass quality.
subcutaneous fat. The content of subcutaneous fatis ~ Zhang et /. (1993) determined the precise localisation
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points of measurement. The highest correlation be-
tween lean meat content and point of measurement
was found in the place of last tibs 5-8 cm lateral from
middle line.

For the estimation of lean meat content nonappara-
tive methods post mortem are also used. The LSQ
method for evaluation of LMC was introduced in
Austria (Pfeiffer and Falkenberg, 1972). Since 1987 the
Two points method has been used in Germany. Bach
and Sack (1987) described its principle, the basis of
which is the regression equation with fat and muscle
thickness on the carcass cut.

In the European Union the pig carcasses are classi-
fied in S-EUROP classes by the prescription No.
3127/94. The limit for measuring systems is the
Residual Standard Deviation RSD = 2.5 and R* =
0.64.

To assess the accuracy or expression ability of apara-
tus used to determine the lean meat content in live pigs
and manual method in pig carcasses and to compare
them with the results of total analysis of pig carcass
sides. It was the aim to propose a new equation for
apparatus, which has not a build in regression to esti-
mate the proportion of lean meat content.

MATERIAL AND METHODS
Experimental animals

One hundred and twenty eight pigs were in the ex-
periment. They were raised in identical conditions and
fed the complete feed mixture for pigs. They were killed
in the experimental slaughterhouse at RIAP Nitra after
achieving the live weight of approx. 105 kg after
12 hours starvation. The lean meat content (LMC) was
assessed by the apparatus Piglog 105, SonoMark SM-
100 and Aloka 500 one day before the slaughter and
by Two points method post mortem.

Methods of measurement and estimations in
vivo and post mortem

Following measures were determined in live animals:
— thickness of backfat with skin 1 — Piglog (PS1) and

SonoMark (SS1) between 3rd and 4th lumbar verte-

bra 7 cm (8 cm) aside from the middle line (cm)

— thickness of backfat with skin 2 — Piglog (PS2) and
SonoMark (SS2) between 3rd and 4th last but one
dorsal vertebra 7 cm (6 cm) aside from middle line
(cm)

— musculus longissimus dorsi thickness Piglog (PM1)
and SonoMark (SM1) in the same place as backfat
2 (cm)

— thickness of backfat with skin (Aloka) after the last
dorsal vertebra 7 cm aside the middle line (mm)
()

- m:m‘ulus longissimus dorsi thickness (Aloka) after the
last dorsal vertebra 7 cm aside the middle line (mm)
)

— eye-muscle area (Aloka) after the last dorsal vertebra
7 cm aside the middle line (mm?) (xy)

— backfat thickness (TP1) — the thinnest fat thickness
with skin above musculus gluteus medius (mm)

— muscle thickness (TP2) between cranial top of mus-
culus gluteus medius and dorsal edge of spinal chord
canal (mm)

Repetitions of individual measures were done until
the indication appeared for three times. The indication
was then confirmed and incorporated into the regres-
sion of the apparatus. The apparatus Piglog and
SonoMark estimated the lean meat content in carcass
alive from the determined measures by means of the
built in regression equations. As there is no incorpo-
rated regression equation in the echocamera Aloka the
lean meat content was estimated by the new proposed
linear regression equation. For estimation, the LMC by
Two points method we used the original german equa-
tion.

Linear regression analysis

The method of linear regression analysis in general
form was used for calculation:

yi=atbx +..+ bx,+ei=1.n

The proposal of optimum model was done by means
of the so-called step-wise variable selection-backward
procedure. Multicollinearity between independent
variables was removed by excluding some variables
with high correlation coefficient. The coefficient of
determination with correction to the number of pa-
rameters (R adjusted) and residual standard deviation
(RSD) level of significance of #test values of indi-
vidual parameters were used to estimate the suitability
of the method in regression model. Some of them are
marked as high leverage points (HLP), which differ in
the values x; or in their combinations, in the model
from all observations. The difference of standard er-
rors of estimates and P-level of coefficients variable
from the original equation is detected after they are
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sorted out and after repeated calculation of the regres-
sion. The unchanged parameters show that HLP do
not affect the accuracy of the estimated model of re-
gression.

The right carcass side was dissected according to the
standard STN 46 61 64 after 24 hours cooling, and the
individual basic parts were weighed. The portion of
valuable lean meat cuts (VMC) was calculated out of
the proportion of weight of shoulder, neck, loin and
leg to the weight of the carcass side. Objective lean
meat content (LMC) was determined based on total
dissection of leg, shoulder, loin, neck, belly and fore
and hind knees to lean meat, bones and fat with skin.
The real lean meat content was calculated out of lean
meat weight converted to the right carcass side.

RESULTS AND DISCUSSION

The experimental 128 pigs of repro-meat and meat
type achieved the parameters given in Table 1.

Estimate of lean meat content

56.03% LMC in vivo was estimated by the apparatus
PIGLOG-105 one day before slaughter. It is 0.36%
more when compared with the objective LMC. The
apparatus SONOMARK SM-100 estimated 57.16%
LMC. The estimated value is 1.49% higher than the
LMC determined by dissection. ALOKA has no incot-
porated regression equation to calculate LMC so two
regression equations were calculated. As one model of
equation has in the value of invariable a higher stand-
ard error than the second one, and the level of sig-
nificance of #test in one parameter was above the
level P = 0.05 at almost the same values & (adj.) (0.795

Table 1. Basic parameters of the whole evaluated set in pigs

or 0.8019) and RSD (1.7313 or 1.7055), the universal
equation was determined as follows:

7 =51.692591 — (0.533407 x,) + (0.003238 x,)

Three (23, 36 and 102) out of 128 observations were
labelled as high leverage points at the calculation of
the equation. After they were sorted out and after a
repeated calculation the new regression does not differ
markedly in values of standard errors in coefficients
of variables from the values at y and values of P-level
remained unchanged as well. Therefore, the values of
high leverage points do not influence the accuracy of
the proposed model markedly so it can be used to
estimate LMC by the echocamera Aloka. The measures
detected by the Aloka 500 were introduced and 55.83%
LMC were estimated in the evaluated set of pigs, this
value is larger only by 0.16% than the real one.
Turlington (1990) determined for the sonographic
apparatuses &2 = 0.40-0.93, Sather ez a/. (1991) for
Aloka 210 R = 0.6, Strzelecki ez a/. (1998) for Aloka
256 R2=0.77 and Gresham ez al. (1994) R2= 0.87.

Correlation coefficients

The level of correlation coefficients between the es-
timated and determined LMC portion or percentage
VMC is also one of the possibilities to determine the
expression ability of the used apparatus. The correlation
coefficient between the portion of valuable meat cuts
and LMC portion achieved the value » = 0.96. The lin-
ear correlation coefficient between the LMC estimated
by Piglog and LMC determined by dissection is
r=0.776. Correlation between backfat thickness mea-
sured by Piglog and objective LMC was » = -0.753 to
-0.807, that is higher than the one detected by Adamczyk
and Duniec (1994) » = -0.40 to —0.58. The correlation

Trait (7 = 128) Average SD Min. Max.
Average live weight (kg) 104.5 341 80 124
Average weight of carcass side (kg) 41.58 3.16 34.58 49.22
Valuable lean meat cuts (%) 51.9 3.49 441 59.89
Lean meat content (%) 55.67 3.76 46.47 63.04
Average back fat thickness (cm) 228 0.46 0.9 3.67
Eye-muscle area (cm®) 43.61 6.11 30 60
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coefficient of the LMC estimated by SonoMark appa-
ratus was 7= 0.759 to the determined LMC. Kiray (1995)
ascertained for SonoMark » = 0.74. The cortelation of
the total LMC estimated by the Aloka apparatus with
the proposed regression was 7= 0.894 to the real LMC.
This is higher than r = 0.60, found by Chien (1994).
Correlation coefficient between objective LMC and
estimated by the Two points method was 0.793. Lagin
et al. (1995) determined cortelation between objective
LMC and estimated meatiness by TP = 0.791.

Estimates of LMC portion in female and male
pigs

The group of 64 gilts achieved the total portion of
LMC 57.72% at the live weight before slaughter
105.93 kg, The meatiness 57.06% was estimated by the
universal equation y for Aloka 500. The regression
equation only for gilts was constructed in similar way
based on different ability of subcutaneous fat deposi-
tion. Two regression equations were calculated from
the determined data. The following equation achieved
better parameters:

Jp= 55452682 — 0.545093* », + 0.00248*x,

with 22 (adj.) = 0.7592 and RSD = 1.4275. The pro-
porton of LMC 57.72% was estimated by means of
Jp equation in gilts. The estimate of LMC portion in
gilts by a special equation for gilts only; is identical with
real LMC portion, and it is lower by 0.66% compared
with the original equation. Simple linear correlations
(Table 2) were calculated between LMC portions,
which were highly dependent (for y, — » = 0.877 and
for y—r=0.875).

The weight of males (boars and castrated boats) was
105.63 kg before slaughter. LMC portion in 64 animals
was 54.49%. The meatiness 55.11% was estimated by
the universal equation for Aloka 500. Similarly to gilts,

there were proposed two tegtession equations from
which:

¥, = 52.085848 — 0.0487694* x, + 0.,002765*x,

with R (adj)) = 0.7174 and RSD = 1.8676 was more
precise. LMC portion was estimated 54.5% after the
measures were incorporated into the given equation y,.
Itis by 0.61% less when compared with the estimation
by universal equation for Aloka. Linear correlation
(Table 2) between LMC portions was highly dependent
for both equations (y,— r = 0.854 or y — r = 0.854).

Based on previous results it can be stated that special
regression equations for individual sexes are not neces-
sary, the universal regression equation y is sufficient.
However, it is necessary to note that the calculation
was performed with insufficient number of pigs (less
that 120 animals).

Estimates of LMC portion in repro-meat and
meat types

The group of 48 pigs of repro-meat type (LMC
below 54%), weight before slaughter 106.23 kg,
achieved the total LMC 50.59%.

Two regression equations were proposed, from
which:

7, = 49.479289 — 0.30155%x, + 0.002143%x,

with R(adj.) = 0.4445 and RSD = 1.577825 was the
more precise one. The portion of total LMC 50.35%
was estimated on its basis. Simple linear correlations of
the estimated LMC portions of both equations to the
determined portions are high and almost identical. The
universal y equation is sufficient to estimate the LMC
portion by Aloka 500 in the repro-meat type of pigs.

The group with 80 pigs of meat type (LMC over
54%) achieved total LMC portion 57.56% at the weight
before slaughter of 104.28 kg. The equation with three

Table 2. Linear correlation dependence and level of significance of Student’s #test of portions estimated by Aloka 500 in
both sexes of pigs on the basis of different regression equations to the determined LMC portion

Lean meat content estimated by Aloka 500 Dissection r 2
Female — regression y, 0.877 0.997
— regression y 0.875 0.875
Male — regression y,, 0.8538 0.998
— regression y 0.8536 0.378
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Table 3. Linear correlation dependence and level of significance of Student’s #test of portions estimated by Aloka 500 in
different commercial types of pigs based on different regression equations to the portion of LMC determined from dis-

section
Lean meat content estimated by Aloka 500 Dissection r P
Repro-meat type
— regression y, 0.699 0.286
— regression y 0.697 0.089
Meat type
— regression y, 0.684 0427
— regression y 0.591 0.087

independent variables is more precise out of the pro-
posed two equations. Its form is as follows:

9, = 52.187021 — 0.464943% x, + 0.109554*x, +
+ 0.001599%x,

The portion of total LMC 57.51% was estimated on
its basis. The equation achieved RSD = 1.432, and the
corrected coefficient of determination R%(adj) =
0.5899. The phenotypic correlation dependence (Ta-
ble 3) of the estimated portions of LMC by means of
the equation y,, is narrower than with y (» = 0.684, or
r=0.591). Based on the results it is possible to recom-
mend (7 = 80) the apparatus Aloka 500 with the regres-
sion equation y,, for the meat type to estimate the LMC
in vivoe. Wood and Robinson (1989) recommended
incorporating the eye-muscle area to the regression
equation for meat type pigs.

CONCLUSION

Apparatus Piglog 105 and SonoMark SM-100 esti-
mate LMC with small errors that have not substan-
tially influenced their utilisation in pig practice. Two
points method is applicable for estimation of pig lean
meat content in small abattoirs. From the above men-
tioned sonographic apparatus ALOKA 500 is the most
precise, therefore it is recommended especially for
scientific use.

From special regression equations (sex, production type),
only the regression for meat type is recommended.
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