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Occurrence of aberrant secretion in bovine virgin mammary glands
and effect on phagocytic activities of neutrophils

Vyskyt aberantniho sekretu v mléénych Zlazéch virginnich jalovic
a jeho vliv na fagocytarni aktivity neutrofilnich granulocyti

Z. SLADEK', D. RY$ANEK®

'Mendel University of Agriculture and Forestry, Department of Morphology, Physiology and Veterinary Sciences,
Brno, Czech Republic
2Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: A clinical examination of 224 virgin mammary glands in 56 heifers revealed aberrant secretion (AS) in 7 cases. The
occurrence of AS was confirmed by light and transmission electron microscopy techniques. A cytological examination showed that
total somatic cell counts in standardized volume lavages of mammary glands with aberrant secretion (AMG) were statistically
significantly higher than in normal gland (NMG) lavages (2.713 + 1.514.10%ml; 0.985  0.882.10%ml; P < 0.05). In differential cell
counts, macrophages were dominant in lavages from both types of glands (NMG, AMG). AMG lavages, however, contained
significantly more neutrophilic granulocytes (NG) (P < 0.05) and significantly fewer macrophages (P < 0.05) than NMG lavages.
An examination of the phagocytic function of NG showed a statistically significant difference in relative numbers of NG that were
phagocytizing bacterial cells (Staphylococcus aureus) (NMG 67.6%; AMG 34.7%; P < 0.05). Differences in phagocytic index
values were not statistically significant (NMG 3.16 + 0.50; AMNG 2.74 + 0.27; P> 0.05). Aberrant secretion in virgin mammary
glands of heifers therefore seems to be a factor that weakens the resistance of mammary glands to bacterial infections.

Keywords: aberrant secretion; virgin bovine mammary gland; neutrophil granulocytes; phagocytosis; Staphylococcus aureus

ABSTRAKT: Klinickym vy3etfenim 224 virginnich mlé&nych Zléz 56 jalovic byl zaznamenén vyskyt aberantniho sekretu (AS)
v sedmi Zlazach. Vyskyt AS byl doloZen svételnou a transmisni elektronovou mikroskopii. Cytologické vySetfeni ukazalo, Ze
celkovy podet somatickych bunék ve standardizovaném objemu vyplachu Zlaz s aberantnim sekretem (AMG) byl statisticky
vyznamné vy¥3i neZ ve vypladich normilnich 21iz (NMG) (2,713 % 1,514.10%ml; 0,985 + 0,882.10°ml; P < 0.05).
V diferenciélnim po&tu bun&k dominovaly v lavaZich z obou 21az (NMG, AMG) makrofagy. V lavazich AMG vsak bylo sta-
tisticky vyznamné vyS§i zastoupeni neutrofilnich granulocyti (NG) (P < 0,05) a statisticky vyznamné niZ8i zastoupeni mak-
rofagl (P < 0,05), neZ v lavaZich NMG. Vy3etfenim fagocytdrni funkce NG byl zaznamenién statisticky vyznamny rozdil
v relativnim podtu NG fagocytujicich bakteridlni buiiky (Staphylococcus aureus) (NMG 67,6 %; AMG 34,7 %; P < 0,05).
Rozdil v hodnotach fagocytarniho indexu nebyl statisticky vyznamny (NMG 3,16 + 0,50; AMNG 2,74 + 0,27; P > 0,05).
Aberantni sekret virginnich mlé&nych 214z jalovic se tedy jevi jako &initel sniZujici obranyschopnost mlé&nych Zlaz
k bakterialni infekci.

Kli¢ovi slova: aberantni sekret; virginni mlé¢na Zlaza skotu; neutrofilni granulocyty; fagocytdza; Staphylococcus aureus

INTRODUCTION 1999, 2001), the authors observed the occurrence of milk-
like secretion in several animals. They hypothesized that

In the course of their research into mammary glands of  these were cases of aberrant secretion in virgin heifers
unbred heifers as the focal point for clinical diagnostics  described in goats by Cowie et al. (1968). According to
and prediction of resistance to infection (RySének ef al.,  Zaks (1964), the development of mammary glands in calves
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is sometimes accompanied by secretion and changes in
the epithelium of mammary gland ducts (Hammond, 1927).
Incidence of secretion in calves at the beginning of the
oestrus when mammary gland ducts are developing and
udder quarters are being formed was reported by Turevskij
(1959).

The positive effect of mechanical stimulation of mam-
mary glands to mammogenesis has been known for many
years. Since Hans Selye’s discovery in 1934 that the very
act of sucking has a stimulating effect on prolactin produc-
tion, there have been hundreds of experimental studies
dealing with the issue of hormonal control of mammogene-
sis. Although it is acknowledged that oestrogens (stimu-
lating the growth of mammary gland ducts), progesterone
(stimulating the development of lobulo-alveolar struc-
tures) and especially prolactin and the somatotropic hor-
mone (which mediate mammogenic effects of both
oestrogens and progesterone) play the crucial role in
mammogenesis, the role of prolactin in bovine mammo-
genesis is still largely unexplained (Kaskous et al., 1995;
Ball et al., 2000; Tucker, 2000). There is, for instance, no
doubt that prolactin plays an essential role in the initia-
tion of secretion in the peripartal period, and that similar
mechanisms with the same effect are also active in the
initiation of mammogenesis. The question what mecha-
nism is at work in the interaction between prolactin, oestro-
gens and progesterone in the mammogenesis control
remains nevertheless unanswered (Tucker, 2000).

The mechanism of aberrant secretion in virgin bovine
mammary glands is therefore difficult to explain. Never-
theless, it can be fairly safely assumed that the effects of
mechanical stimulation of heifers sucking each other come
into play, which, in the first oestrus period, will undoubt-
edly lead to a premature onset of milk secretion. This em-
pirically well-known fact supports the previous finding
by Akers and Lefcourt (1983) that prolactin levels of preg-
nant cows showed an increasingly intensive response to
teat stimulation with progressing pregnancy.

The issue of the aberrant secretion triggering mecha-
nism in virgin bovine mammary glands deserves a sys-
tematic attention. The aim of this paper is to report on the
occurrence of aberrant secretion in unbred heifers, to in-
vestigate its effect on the phagocytic function of neutro-
philic leucocytes and also its effect on the defence potential
of the mammary gland.

MATERIAL AND METHODS
Animals

The study was based on a clinical examination of 224
mammary glands of 56 unbred heifers, crosses between
Holstein and Czech Pied cattle, with no clinical symptoms
of any disease. The heifers, 16 to 18 months old, came

from a production herd. Mammary gland examinations were
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made in an experimental bedding barn with stanchions,
and the animals were given standard feed rations consist-
ing of hay and feed concentrate mixes with mineral addi-
tives.

Experimental design

Mammary glands of the heifers were first clinically ex-
amined by a procedure described in our previous paper
(Ry3anek et al., 1999) and then lavaged. Briefly, mammary
glands were examined visually and by palpation, then la-
vages were obtained and visually evaluated. Standard
cytological techniques were used to examine the lavage
fluid for total and differential counts of cells and to deter-
mine their morphology. The glands were stimulated in or-
der to obtain a population of NG for in vitro examinations
of phagocytic functions of these cells. Bacteriological
tests of the lavage fluid were also made.

Mammary gland lavages

The technique used for mammary gland lavages is de-
scribed elsewhere (RySanek et al., 1999). Samples of flu-
ids obtained by mammary gland lavages (ML) were taken
for a bacteriological examination that was performed by
cultivation on blood agar with 5% washed sheep erythro-
cytes and aerobic cultivation at 37°C for 24 hrs (Quinn et
al., 1994). Only samples from healthy and uninfected mam-
mary glands were used for further processing. Immediate-
ly after lavage, mammary glands of the heifers were
stimulated by an intramammary application of 500 pg
of a synthetic muramy! dipeptide analogue (nor Mur-
ANc-L-Abu-D-IzoGln, supplied by the Institute of Organic
Chemistry and Biochemistry, Academy of Sciences of the
Czech Republic, Prague) dissolved in 10 ml PBS. After 24
hours, the stimulated mammary glands were lavaged with
PBS, and lavage fluids obtained both before and after
stimulation were examined cytologically.

Total counts of somatic cells

Total counts of cells were determined using Fossomatic
90 (A/C N. Foss Electric, Hillergd, Denmark) and the pro-
cedure recommended by the International Dairy Federa-
tion (IDF, 1995).

Cell processing

To assess their vitality, cells were stained with trypan
blue. The trypan blue dye exclusion test demonstrated
viability in at least 97% of cells in each ML. The cell sus-
pensions were centrifuged at 4°C and 200 g for 10 min-
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utes. One ml of the supernatant was removed and retained
to be used for resuspension of the pellet and the remain-
ing supernatant was decanted.

Light microscopy (LM) and transmission electron
microscopy (TEM)

One smear of each processed cell suspension was pre-
pared by the conventional haematological procedure and
stained panoptically by the Papanicolau method (Bessis,
1973). Differential leukocyte counts were assessed by
enumeration of 200 cells in each smear (Sladek and
Rysanek, 1999a). For TEM, the cells were prepared ac-
cording to the procedure described elsewhere (Sladek and
Rysanek, 1999b). The cells from stained smears and the
electronograms were analysed using the supportive im-
age analysis programme Lucia G (Laboratory Imaging,
Prague, Czech Republic).

In vitro phagocytosis assay

After centrifugation of lavage fluid, cells were adjust-
ed to about 10%ml by counting vital cells in Biirker’s
chamber. Broth culture of the Newbould 305 (CCM 6275)
strain of Staphylococcus aureus obtained after 18 h incu-
bation at 37°C was washed with PBS by centrifugation at
1000 x g and its density was adjusted with HBSS to 10°
bacterial cells per 1 ml. The suspensions were opsonised
with heterologous non-immunised bovine blood serum
(Bovine adult serum, SIGMA, St. Louis, USA) at a final
concentration of 10% v/v. Equal parts of the cell and the
bacterial suspensions were mixed at the final cell ratio of
1:5. The mixture was incubated for 30 min at 37°C ina
thermostat and stained panoptically by the Papanicolau
method. To assess the phagocytic activity of neutrophilic
granulocytes (NG), the percentage of phagocytizing cells
and the phagocytic index (the number of phagocytized
Staphylococcus aureus in one phagocytizing cell) were
calculated.

Statistics

Basic statistics and Student’s t-test were performed
using the STAT Plus software (Matouskova et al., 1992).

RESULTS
Functional status

Aberrant secretions were observed in 7 out of 224 ex-
amined mammary glands. Palpation revealed an enlarge-
ment of the glands. Lavage fluids containing secretion
were denser and with milk-like fogging.

Evidence of aberrant secretion

On cell count adjustments in Biirker’s chamber, AMG
lavage fluids exhibited typical fat globules. In a short while,
almost all of them floated up to a higher optical level (Fig-
ure 1a), and then they were recorded only sporadically at
the cell optical level. Macrophages and NG contained
numerous intracytoplasmic vacuoles of phagocytized fat
globules (Figure 1b).

The electronograms made by transmission electron mi-
croscopy showed vacuolisation with fat globules. En-
larged detail views of the globule walls showed a typical
double membrane (Figure 1c).

Cytology of aberrant secretion

Mean total counts of cells were (0.985+0.882 and 2.713
+1.514) . 10%ml for the NMG and the AMG, respectively.
The difference was significant at P <0.05.

Macrophages, lymphocytes, NG and other cells includ-
ing epithelia and non-differentiated cellular elements were
determined in cell suspensions of ML. In the differential
cell count picture, mammary glands of heifers were char-
acterized by the dominance of macrophages over all other
cell types (Figure 2). AMG differential cell counts showed
a statistically significant higher number of NG and a sig-
nificantly lower level of macrophages (P <0.05).

Besides differences in total and differential counts, AMG
and NMG showed differences in the cell morphology,
which was reported elsewhere (for details see Sladek and
Ry3anek, 1999a,b). The intracytoplasmic vacuoles in the
cytoplasm of NG and macrophages were observed (Fig-
ure 1c). The vacuoles were phagocytized fat globules.
Free-floating fat globules were also found in the aberrant
secretion. Fat globules present in cells changed their shape
and size, making them rounder and larger.

Table 1. Phagocytic activitics of NG from non-sccreting and aberrantly sccreting mammary glands

Mammary gland Number of examination

Phagocytosing ncutrophilic
granulocytes (%) (min.—max.)

Phagocytary index
(means = SD) (min.-max.)

NMG 9
AMG 7
Statistical significance

3.16 + 0.50 (2.61-3.84)
2.74 + 0.27 (2.28-3.03)
P> 005

67.6 (60.1-74.2)
34.7 (22.3-38.7)
P <0.05
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Figurc 1. Light microscopy of aberrant sceretion with free fat glob-
ules floating at the highest level (a) and fat globules phagocytized by
macrophages on the bottom (b). Colour inverted image. Original
magnification 450

Transmission clectron microscopy of a macrophage with phagocy-
tized fat globules in cytoplasm (c). The insert shows a detail of the
double membranc of phagocytized fat globule. Arrow shows the loca-
tion of the insert. Original magnification 8 000 * (insert 50 000 x)
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Figure 2. A comparison of differential leukocyte counts in mamma-
ry lavage fluids of normal mammary glands (open columns) or aber-
rantly scereting mammary glands (black columns). The differences
are significant (** P < 0,05)

In vitro phagocytosis assay

The stimulation of virgin mammary glands induced an
influx of cells within 24 hours. The total cell counts fol-
lowing stimulation were 37.8 x 10%ml and 35.3 x 10%ml in
NMG and AMG, respectively. The relative proportions of
NG were 92.9% and 92.7% in NMG and AMG, respective-
ly. This means that no statistically significant differences
were demonstrated in total and differential cell counts.

The phagocytic activity of NMG NG following their in-
cubation with Staphylococcus aureus (SA) was higher
than that observed in NMG. The number of phagocytiz-
ing NG in NMG was almost twice as high as in AMG,
which was a statistically significant difference (P <0.05).
The difference between phagocytic indices of NMG and
AMG NG was not statistically significant (Table 1).

The assessment of phagocytic activity of NG in AMG
showed cells containing phagocytized fat globules in their
cytoplasm. In these NG with phagocytized fat globules,
phagocytized SA bacteria were observed only very rarely
(data not shown).

DISCUSSION

The aim of the present study was to demonstrate the
incidence of aberrant secretion in unbred heifers and to
assess its influence on the phagocytic function of NG, in
other words the influence of aberrant secretion on the
mammary gland defence mechanisms.

The cavities of healthy virgin bovine mammary glands
contain small volumes of clear fluid, which is a suspen-
sion of several types of cells. Wardley et al. (1976) classi-
fied virgin mammary gland cells as monocyte-like
macrophages, macrophages, lymphocytes and neutro-
phils. In our earlier experimental studies of mammary
glands of unbred heifers (RySének et al., 1999, 2001) we
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observed milk-like secretion in the cavities of some of the
mammary glands studied.

In this study the cytological examination of aberrant
secretion lavage fluids showed higher numbers of somat-
ic cells than NMG lavage fluids. Moreover, different vol-
umes of cell types and, at the same time, differences in
their morphologies were observed. It was ascertained that
aberrant secretion contained globule-like particles of milk
fat morphologically identical with particles contained in
the milk plasma of lactating dairy cows. The particles were
also contained in the cytoplasm of some NG and mac-
rophages, giving a foam-like appearance to those cells.
Cells of the same morphology were observed in mammary
glands of dairy cows during lactation (Schalmet al., 1971),
dry periods (Lintner and Eberhart, 1990) and in involution
(Lee et al., 1969). They are fat globules, as confirmed by
an earlier electron microscopy examination (Sladek and
Ryséanek, 1999b), which, according to Wooding (1971), is
a convincing technique for the assay of phagocytized fat
globules.

Besides the above, aberrant secretion also attenuated
the phagocytic activity of NG: Staphylococcus aureus
bacteria were phagocytized by one third of AMG NG com-
pared to almost twice as many phagocytizing cells in NMG.
The phagocytic index was also lower in AMG than in
NMG although the difference was not statistically signif-
icant. It indicates that phagocytic functions of AMG NG
are impaired, as demonstrated in the hypothetical calcula-
tion (based on relative numbers of phagocytizing NG and
their phagocytic indices) according to which the phago-
cytization of 100 SA bacteria would require 45 NMG NG
or 110 AMG NG.

The lower number of NG phagocytizing SA cells ob-
served in AMG is probably related to the presence of fat
globules in aberrant secretions. The fact that the pres-
ence of milk fat may markedly reduce the bacterial phago-
cytic functions of NG has been demonstrated in milk of
dairy cows. The negative influence is mainly ascribed to
the presence of corpuscular milk components, fat glob-
ules and casein micelles because they are phagocytized
and ingested by NG, which reduces the effects of bacteri-
al cell phagocytosis (Paape et al., 1975; Russell et al.,
1976, 1977; Paape and Wergin, 1977; Reinitz et al., 1982).
This is the result of energy depletion of cells and their
loss of pseudopodia in the course of fat globule inges-
tion (Paape and Wergin, 1977), inability to achieve lower
pH for an optimum operation of lysosomal enzymes (Reinitz
et al., 1982), degranulation and the subsequent absence
of lysosomes (Russell et al., 1977), and the resulting re-
duction of the oxygen-independent intracellular killing
mechanism (Paape and Wergin, 1977). We assume that
the above factors that considerably reduce the phago-
cytic function of NG in milk of dairy cows will play an
important role in the attenuation of the phagocytic activ-
ity of NG in aberrant secretions from virgin bovine mam-
mary glands.

CONCLUSION

Virgin bovine mammary glands may produce some ab-
errant secretion. The milk-like secretion is characterized
by higher total cell counts and by higher proportions of
NG than the fluid of physiologically normal mammary
glands of unbred heifers. The aberrant secretion plasma
contains milk fat, which is phagocytized by NG and mac-
rophages. The phagocytosis of the milk fat causes an
impairment of the phagocytic function of NG, which cor-
roborates the assumption of a negative effect of aberrant
secretion on the defence system of the mammary gland.
The above facts only emphasize the need for further study
of aberrant secretion of unbred heifers.
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Biochemical studies of blood in hens during the laying period

Biochemické studie krve nosnic v prib&hu snaskového obdobi

P. Sucuy', E. STRAKOVA', V. VECEREK', P. STERC?

1Um‘ver.«;ity of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic
2Cervus, Ltd., Unicov, Czech Republic

ABSTRACT: The aim of the present paper is to determine changes in selected biochemical parameters in the blood plasma of hens
during the egg-laying period. Thirty clinically healthy hens were regularly examined every five weeks between the 5th and 50th
week of the egg-laying period. Blood was taken from vena basilica and stabilized with heparin. Biochemical studies showed
significant changes in layers during the egg-laying period. The mean values of the biochemical parameters in blood plasma varied
within the following limits: 47.43-60.45 g/l for protein, 13.36-14.97 mmoV/l for glucose, 2.73—6.18 mmol/l for cholesterol, 5.26—
7.19 mmol/1 for calcium, 1.25-1.90 mmoV/l for phosphorus, 1.08-1.42 mmol/] for magnesium, 141.03-148.30 mmoV/l for sodium
and 3.40-5.00 mmol/l for potassium. Moreover, the dynamics of changes demonstrated that the plasma levels of some biochemical
parameters reflected variations in the laying capacity. For example, in the first half of the laying period the protein and magnesium
concentrations in plasma tended to decrease with an increase in the laying capacity while a decreasing tendency of the calcium
concentration persisted towards the end of the laying period. On the contrary, plasma concentrations of glucose, cholesterol and
phosphorus decreased with an increase in the laying capacity. Concentrations of sodium and potassium in plasma, however, were
independent of the laying capacity. This paper provides new information on the dynamic changes that occur in clinically healthy
layers during egg laying and that are likely to be connected with the laying capacity.

Keywords: domestic fowl; layer; egg-laying period; biochemistry of blood plasma

ABSTRAKT: Cilem préce je poznini zmén u vybranych biochemickych ukazatelli krevni plazmy nosnic v pritbéhu snaskové-
ho obdobi. VySetfeni nosnic bylo provddéno v obdobi od 5. do 50. tydne snadky na souboru 30 klinicky zdravych nosnic
v pravidelnych pétitydennich intervalech. Krev byla ziskana punkci vena basilica a stabilizovana heparinem. Biochemické stu-
die dokumentuji vyznamné zmény, ke kterym dochazi u nosnic v prib&hu sna¥ky. Z dosaZenych vysledki je ziejmé, ze
v priib&hu snaskového obdobi kolisaji prim&mé hodnoty sledovanych ukazatelii v krevni plazmé nosnic v uritych hranicich,
ato u bilkoviny 47.43 az 60.45 g/l, glukdézy 13.36 az 14.97 mmol/l, cholesterolu 2.73 aZ 6.18 mmol/l, vapniku 5.26 az
7.19 mmol/l, fosforu 1.25 aZ 1.90 mmol/l, ho¥&iku 1.08 aZ 1.42 mmol/l, sodiku 141.03 aZ 148.30 mmol/l a drasliku 3.40 aZ
5.00 mmoV/l. Vysledky studia dynamiky zmén uvedenych biochemickych ukazatelii dokladaji, Ze v priib&éhu snagkového obdo-
bi, se zménou snaskové intenzity, dochazi i k charakteristickym zmé&nadm v hladinach u nékterych ukazatelti. U plazmatického
proteinu a hof¢iku byla pozorovana tendence jejich poklesu v prvé poloviné snasky, kdy dochazelo ke zvySovéani snaskové
intenzity, zatimco u vapniku tato tendence pfetrvavala téméf aZ do konce snésky. Naopak u plazmatické glukézy, cholesterolu
a fosforu byla zaznamenana tendence poklesu jejich hladin v krevni plazmé& se vzriistajici snd8kovou intenzitou. U sodiku a
drasliku vySe uvedené zavislosti v krevni plazmé nosnic prokazany nebyly. Pfinosem prace jsou nové poznatky o dynamic-
kych zménach, ke kterym dochézi v priibéhu snasky i u klinicky zdravych nosnic a které¢ s velkou pravdépodobnosti souviseji
s intenzitou snasky.

Klitovi slova: kur doméci; nosnice; snaska; biochemie krevni plazmy

This work is a part of research project no. 162700005 “The research on current hygienic aspects in the production of food and raw materials
from animals in relation to their safety”.
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INTRODUCTION

The paper deals with dynamic changes of biochemical
parameters in the blood plasma of hens during the egg-
laying period. No data have been published on this sub-
ject until now in spite of a large number of papers
concerning blood biochemistry in poultry.

Suchy et al. (1988) studied a relationship between ma-
turity of gonads and haematological and biochemical
parameters of blood in roosters and reported plasma con-
centrations of 43.31 g/l and 44.20 g/l for total protein and
14.67 mmol/l and 13.75 mmol/l for glucose. Furthermore,
Suchy et al. (1989) also published a more detailed bio-
chemical analysis of blood in breeding roosters during
the sexual maturation (the 10th-25th week of age), show-
ing that the mean values of biochemical parameters in
blood serum ranged as follows: 30.86-36.40 g/1 for total
protein, 13.71-14.56 mmol/l for glucose, 3.75 mmol/I for
cholesterol, 2.69-3.06 mmol/l for Ca, 1.13-1.86 mmol/l for
P, 0.88-1.18 mmol/l for Mg, 142—145 mmol/I for Na and
4.84-5.27 mmol/l for K.

Strakova et al. (1993) reported that the mean concen-
trations ranged from 37.42 to 38.07 g/l for total protein
and from 3.01 to 3.56 mmol/1 for cholesterol in the plasma
of broiler chickens during breeding. One of the few pa-
pers on biochemical monitoring of hens during egg lay-
ing published by Jefabek et al. (1993) provided the
following concentration ranges of elements: 6.73—7.08 mmol
per 1 for Ca, 1.84-2.08 mmol/1 for P and 1.29-1.36 mmol/l
for Mg. Another gallinaceous species such as Japanese
quail was subjected to biochemical studies by Strakova
et al. (1994), who showed the plasma concentrations of
some biochemical parameters to vary during the laying
period as follows: 49.38-53.97 g/1 for total protein, 16.13—
16.44 mmoV/1 for glucose, 5.61-7.80 mmol/l for Ca, 2.63-
2.81 mmol/1 for P, 1.48-1.80 mmol/l for Mg, 140-155 mmoV/l
for Na and 1.41-2.46 mmoV/1 for K. Miiller et al. (1993)
studied blood biochemistry in pheasant and found that
the mean values for calcium and phosphorus in the blood
serum of adult birds were 1.9 mmol/l and 1.98 mmol/l, re-
spectively. For exotic breeds such as guinea fowls, Oye-
wale et al. (1988) reported the following mean values in
blood plasma: 4.95 g/dl (49.5 g/1) for total protein, 7.26 mmol
per 1 for Ca, 3.81 mmol/l for P, 133.61 mmol/l for Na and
3.88 mmol/l forK.

MATERIAL AND METHODS

The aim of this work was to study the dynamics of
selected biochemical parameters in the blood plasma of
hens.

Thirty clinically healthy hens (Moravia BSL) aged
20 weeks and weighing 1.89 (£ 0.230) kg on average were
subjected to the experiment. Layers were reared sepa-
rately in cages in a certified laboratory equipped with
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controlled air-conditioning, in the Institute for Nutrition,
Dietetics, Zoohygiene and Vegetable Food Technology
at the University of Veterinary and Pharmaceutical Sci-
ences in Brno. Layers were supplied by Integra Ltd.
Zabgice, Czech Republic, together with the correspond-
ing technological procedure that was maintained during
the whole breeding. The temperature was kept between
13 and 18°C; the relative humidity ranged between 70 and
75% in the experiment. The light-day was gradually ex-
tended during the laying period to a maximum of 14 hrs of
light per day in the 42nd week.

Until the 30th week the layers received ad libitum a
powdery feeding mixture containing 162.5 g/kg of nitro-
gen ingredients, 52.4 g/kg of fat, 31.7 g/kg of fibre, 11.2 MJ
per g of metabolic energy, 36.3 g/kg of Ca and 6.3 g/kg
of P. A mixture containing 149.3 g/kg of nitrogen ingredi-
ents, 48.9 g/kg of fat, 35.4 g/kg of fibre, 10.6 MJ/kg of
energy, 34.8 g/kg of Ca and 5.2 g/kg of P was used from
the 30th week.

Biochemical examinations of the blood of layers during
the laying period were performed regularly in five-week
intervals between 7 a.m. and 9 a.m. Blood samples (8 cm?®)
taken from vena basilica were placed in test tubes coated
with heparin and were immediately centrifuged. Plasma
concentrations of total protein, glucose, cholesterol, cal-
cium, phosphorus, magnesium, sodium and potassium
were determined.

Some of the parameters were determined photometrical-
ly using commercially available Bio-La-test diagnostic kits.
Phosphorus, sodium and potassium were determined by
atomic absorption spectrophotometry. The results were
processed by statistical methods using a programme Stat-
graphic.

RESULTS

The present paper provides new experimental data on
the biochemical profile of blood plasma in hens and points
out the changes in biochemical parameters that occur
during the laying period.

Before discussing particular results of our investiga-
tions we wish to emphasize that the weight of hens grad-
ually increased during the laying period from 1.89 kg (in
the 5th week) to 2.24 kg (in the 50th week) on average.
Monitoring the weight proved that the nutrition was ade-
quate as the variations in weight were insignificant over
five-week intervals. The biochemical parameters in blood
were monitored in relation to the egg-laying capacity that
increased from 40.77% in the 5th week to 90.57% in the
25th week of the laying period. However, it dropped from
80.29 to 56.08% between the 30th and 50th week.

The results of the biochemical investigation, including
statistic evaluation, are summarized in Table 1.

It was observed during the laying period that the mean
values of total protein in blood plasma ranged from 47.43
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Table 1. The mean values of biochemical parameters in blood plasma of hens during the laying period (5th -50th week)

Age TP Gl Chol Ca P Mg Na K
(weeks) &N (mmo/l) (mmo/l) (mmo/l) (mmo/1) (mmo/l) (mmo/l) (mmo/l)
5 47.43 14.13 2.73 5.35 1.86 1.08 146.37 5.00

(5.624) (0.904) (0.595) (1.050) (0.649) (0.130) (4.263) (0.402)
10 57.49** 14.88** 3.57** 5.81 1.68 1.15 148.30 4.70%*
(5.689) (1.224) (0.836) (0.838) (0.297) (0.150) (5.046) (0.451)
15 58.59 14.33 3.07 5.26* 1.46** 1.15 145.70* 4,18**
(6.558) (1.184) (1.125) (0.871) (0.289) (0.172) (4.865) (0.378)
20 59.77 13.95 3.66 * 6.18** 1.28* 1.20 145.87 4.66**
(4.845) (0.922) (0.804) (0.763) (0.274) (0.113) (5.277) (0.324)
25 60.45 13.80 3.13* 6.29 1.25 1.42%* 145.83 3.93*
(8.478) (0.880) (1.045) (0.997) (0.291) (0.183) (5.954) (0.245)
30 56.82 13.36* 5.45%* 6.30 1.43 1.32 141.03** 4.01
(5.293) (0.675) (1.615) (0.685) (0.311) (0.153) (4.597) (0.336)
35 58.58 13.59 6.18 6.72* 1.90* 1338 141.87 3.40**
(5.641) (0.866) (2.004) (0.884) (1.169) (0.144) (4.321) (0.271)
40 57.77 13,81 5.69 7.19* 1.79 1.35 144.10* 3.41
(5.878) (1.345) (1.688) (0.778) (0.431) (0.128) (3.916) (0.302)
45 56.03 14.97** 5.76 6.67* 137 1.37 142.70 3.56
(6.889) (0.805) (1.974) (1.091) (0.691) (0.211) (3.426) (0.287)
50 56.09 14.65 5.80 5.92%* 1.76* 1.38 144.17 3.46
(5.072) (0.776) (2.251) (0.952) (0.784) (0.192) (2.640) (0.420)
TP = total protein P = phosphorus ( ) = (standard deviation)
Gl = glucose Mg = magnesium * P<0.05
Chol = cholesterol Na = sodium **P < 0.01
Ca = calcium K = potassium

to 60.45 g/l between the 5th and 25th week, respectively.
A statistically significant increase (P < 0.01) in plasma
protein from 47.43 to 57.49 g/l occurred between the 5th
and 10th week when the laying capacity increased from
40.77% to 85.71%. Subsequently, the level of plasma pro-
tein insignificantly increased to 60.45 g/l (in the 25th week)
as the maximum laying capacity (90.75%) was reached.
The second half of the laying period was characterized by
a reduction of the laying capacity and by an insignificant
increase in plasma protein from 56.03 to 58.58 g/1.

Plasma concentrations of glucose that ranged from 13.36
to 14.97 mmol/l varied significantly over the laying peri-
od. The concentration of glucose gradually decreased until
the 30th week reaching significantly the lowest (P < 0.05)
mean value of 13.36 mmol/l. From the 30th week it increased
to the maximum value of 14.97 mmol/] in the 45th week.

Similarly, plasma concentrations of cholesterol that
ranged from 2.73 to 6.18 mmol/l on average during the
laying period showed significant (P < 0.05) or highly sig-
nificant (P < 0.01) changes.

The dynamics of plasma cholesterol showed that its
concentration rose significantly (P <0.01) from 2.73 mmoV/l
(5th week) to 3.57 mmol/l (10th week); then followed its
decrease to a minimum value of 3.13 mmol/l in the 25th
week of the laying period at the highest laying capacity
(90.57%). The increase in plasma cholesterol was signifi-

cant (P <0.01) from the 30th week to the end of the laying
period ranging from 5.45 mmol/l to 6.18 mmol/l.

Interestingly, dynamic changes were also detected for
mineral elements in the blood plasma of hens during the
laying period.

Concentrations of calcium in plasma ranged from 5.26
to 7.19 mmol/l. The dynamics for calcium was character-
ized by a gradual increase in its concentration over the
laying period till the 45th and 50th week when its concen-
tration significantly dropped to 6.67 mmol/l (P <0.05) and
5.92 mmol/1 (P<0.01).

Distinct dynamics during the laying period was observed
in phosphorus concentrations ranging from 1.25 to 1.90
mmol/l. In contrast to calcium, its mean concentrations
considerably declined to 1.25 mmol/l in the 25th week while
they increased (P < 0.05) in the second half of the laying
period and were maintained between 1.37 mmol/l and
1.90 mmol/l. Magnesium concentration in plasma gradu-
ally increased till the 25th week, reaching the maximum
average value 1.42 mmol/l. In the second half of the laying
period it decreased to a narrow range 1.32-1.38 mmol/l.

The biochemical analysis of blood plasma in hens in-
cluded also assays for sodium and potassium. Mean con-
centrations of sodium ranged from 141.03 to 148.30 mmol
per 1. During the laying period, no relationship between
the laying capacity and plasma concentrations of sodium
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was observed. Analogously, potassium concentrations
ranging from 3.40 to 5.00 mmol/l over the laying period
exhibited no dependence on the laying capacity.

DISCUSSION

The results presented in Table 1 show that significant
changes in the biochemical profile of blood plasma oc-
curred in clinically healthy layers during the laying peri-
od.

Protein concentrations ranged from 47.43 to 60.45 g/1.
These values are significantly higher than those reported
in breeder roosters by Suchy et al. (1988, 1989) or in broil-
er chickens by Strakova et al. (1993) or in guinea hens by
Oyewale et al. (1988). We assume that the high protein
concentrations in blood plasma are closely related to higher
proteosynthesis which is a prerequisite to high egg pro-
duction. This conclusion is in agreement with the find-
ings in quail by Strakova et al. (1994). Our results also
confirmed that plasma protein increased with an increase
in the laying capacity reaching the maximum of 60.45 g/l in
the 25th week.

Glucose concentrations in plasma ranging between
13.36 mmol/l and 14.97 mmol/l were found to be in good
agreement with those reported for breeder roosters by
Suchy et al. (1988, 1989). Higher values in quail probably
caused by more intensive metabolism were reported by
Strakova et al. (1994). The dynamics of plasma glucose
showed that its concentration increased significantly from
14.13 to 14.88 mmol/l in the early stages of the laying
period as the laying capacity increased from 40.77 to
85.71% between the 5th and 10th week. Furthermore, the
glucose concentration gradually decreased to a mean val-
ue of 13.36 mmol/l in 30th week of the laying period while
it tended to rise in the later stages. These changes are
likely to be connected with the laying capacity and in-
creasing demands for energy.

Significant changes were also detected for cholesterol
concentrations that ranged from 2.73 to 6.18 mmol/l dur-
ing the laying period. Suchy et al. (1989) reported choles-
terol concentrations around the average of the above limits
while the values in layers published by Jefdbek et al. (1993)
were close to the upper limit of the above range. The dy-
namics of plasma cholesterol showed that its significant
(P <0.01) increase from 2.73 to 3.57 mmol/l between the
5th and 10th week of the laying period was followed by its
decrease to 3.13 mmol/l in the 25th week when the laying
capacity was at its maximum. We assumed that the initial
increase in cholesterol level was caused by its higher bio-
synthesis and accumulation in yolk. Subsequently, high
demands for cholesterol due to the increasing laying ca-
pacity could not be satisfied by its biosynthesis. As a
result, its concentration in blood gradually declined till
the 25th week. This conclusion was also supported by
the results obtained during the second half of the laying

386

period when a reduction of the laying capacity in the 30th
week was attended by a significant increase in cholester-
ol concentration to 5.45 mmol/l (P <0.01); this increasing
tendency persisted till the end of the laying period.

Dynamic changes in the concentration of calcium in
blood plasma, ranging from 5.26 to 7.19 mmol/l, were char-
acterized by a gradual increase from 5.35 mmol/l in the
early stages to 7.19 mmol/l in the 40th week of the laying
period followed by a decrease to 5.92 mmol/l in the 50th
week. These values are significantly higher than those in
roosters reported by Suchy et al. (1989), however, they
are in agreement with those published by Jet4bek e al.
(1993) in the laying hens. An increasing release of calci-
um into blood in hens is closely related to its accumula-
tion in the shell. As a result, a sharp decrease in its
concentration in the 45th and 50th week of the laying
period corresponded to a reduced demand for calcium as
the egg production decreased from 62.20% (45th week) to
56.08% (50th week).

Surprisingly, a completely opposite trend was observed
for phosphorus. Its average levels ranging from 1.25 to
1.90 mmol/l during the laying period were in agreement
with those reported by Suchy ez al. (1989), Jefabek et al.
(1993) and Miiller et al. (1993), though higher values were
found in quail by Strakova et al. (1994) and in guinea-
hens by Oyewale et al. (1988). The plasma concentrations
of phosphorus decreased to 1.25 mmol/l in the 25th week
when the laying capacity reached its maximum. However,
its concentration rose in the second half of the laying
period again.

Similarly like calcium, the magnesium concentration also
gradually increased but only till the 25th week when it
reached the maximum value 1.42 mmoV/l. It dropped signif-
icantly (P <0.05) to 1.32 mmol/] in the second half of the
laying period (30th week) as the laying capacity decreased,
and then varied negligibly till the end of the laying period.
The mean values of magnesium during the laying period
ranged from 1.08 to 1.42 mmol/l, which is in agreement
with those reported by the above authors.

Plasma concentrations of sodium and potassium ions were
in the range of 141.03-148.30 mmol/l and 3.40-5.00 mmol
per |, respectively. Similar results were reported by Suchy
et al. (1989), Strakova et ul. (1994) and Oyewale et al.
(1988). This implies that due to the electrolytic equilibri-
um the concentrations of both univalent ions in avian
blood do not differ significantly either within one species
or between the species. Furthermore, the plasma levels of
both ions showed no direct dependence on the laying
period or capacity.
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Red and white blood-cell analysis in hens during the laying period

Cerveny a bily krevni obraz nosnic v priib&hu snaskového obdobi

E. STRAKOVA', V. VECEREK', P. SuchY', P. KRESALA®

YWniversity of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic
2Tekro, Ltd., Nova Dédina-Unicov, Czech Republic

ABSTRACT: The aim of the present paper is to describe changes of haematological parameters in hens during the laying period.
Thirty hens were subjected to haematological analysis of blood taken from vena basilica in regular five-week intervals between the
5th and 50th week of the egg-laying period. The results of haematological studies showed significant changes in hens during egg
laying. A highly significant (P < 0.01) decrease was found for the following parameters between the 5th and 25th week of the laying
period: the erythrocyte count decreased from 2.51 to 2.16 T/l, haematocrit values from 0.29 to 0.26 1/1 and haemoglobin content
from 92.52 to 75.29 g/l. No variations in MCHC, MCH and MCV were observed. Furthermore, the total white-cell count
decreased very significantly (P < 0.01) from 36.37 to 17.86 G/l particularly between the 5th and 10th week of the laying period.
The decrease in total leukocyte count was simultaneously attended by a highly significant (P < 0.01) decrease in single types of
leukocytes such as Ba, Eo, Ne, Ly and Mo. In the next stages of the laying period the total leukocyte count ranged between
12.85 G/l and 18.68 G/l reaching its minimum value 12.85 G/I in the 30th week. In the same week the lowest counts were also
detected for basophilic granulocytes (0.14 G/1), eosinophilic granulocytes (0.14 G/1), neutrophilic granulocytes (3.94 G/1) and
monocytes (0.13 G/I). The lowest mean value 8.15 G/l was determined for lymphocytes in the 40th week of the egg-laying period.
This paper provides new facts on the dynamic changes in red- and white-cell counts in layers during an extremely demanding
period of their life. The results can also be used for diagnostic purposes.

Keywords: domestic fowl; layer; laying period; haematology

ABSTRAKT: Cilem préce je poznini zmén v hematologickych ukazatelich u nosnic v pritb&hu snaskového obdobi. V pribéhu
pokusného obdobi od 5. do 50. tydne snasky byla u souboru 30 nosnic v pravidelnych pétitydennich intervalech odebirdna
punkei vena basilica krev pro hematologicka vy3etfeni. Vysledky hematologickych studii edhaluji vyznamné zmény, ke kte-
rym dochazi u nosnic v priibé¢hu snasky. Tyto zmény byly charakterizovany zejména vysoce pritkaznym (P < 0,01) poklesem
(od 5. do 25. tydne snd3ky) celkového poétu erytrocytll z 2,51 na 2,16 T/l, hematokritové hodnoty z 0,29 na 0,26 1/1 a obsahu
hemoglobinu z 92,52 na 75,29 g/l. U ostatnich ukazatelii ¢erveného krevniho obrazu MCHC, MCH a MCV tyto zmé&ny pozoro-
vany nebyly. U bilého krevniho obrazu, a to u celkového poctu leukocytl, nastal v priib&hu snasky vysoce pritkkazny (P < 0,01)
pokles jejich primémné hodnoty zejména mezi 5. a 10. tydnem snasky z 36,37 na 17,86 G/I. Pokles hladiny leukocyti byl
sou¢asné provazen vysoce prikaznym (P < 0,01) poklesem i jednotlivych typd leukocytl (Ba, Eo, Ne, Ly a Mo).
V nésledujicim obdobi snasky se hladiny celkového poétu leukocytii pohybovaly v rozmezi od 12,85 do 18,68 G/1, s nejniZii
primémmou hodnotou 12,85 G/1 (ve 30. tydnu sné3ky). Ve 30. tydnu snésky byly diagnostikovéany i nejniZsi primémé hodnoty
bazofilnich granulocytii 0,14 G/l, eozinofilnich granulocyti 0,14 G/l, neutrofilnich granulocyti 3,94 G/1 a monocyti 0,13 G/1.
U lymfocytii byla nejniz8i primémé hodnota 8,15 G/l stanovena aZ ve 40. tydnu sn4sky. Pfinosem prace jsou nové poznatky
o dynamickych zménich v ¢erveném a bilém krevnim obraze v jednom z nejnaro&né&jsich obdobi Zivota nosnic. DosaZené vy-
sledky jsou vyuzitelné i pro diagnostické u&ely.

Klitovi slova: kur doméci; nosnice; sna¥ka; hematologie

This work is a part of research project no. 162700005 “The research on current hygienic aspects in the production of food and raw
materials from animals in relation to their safety”.
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INTRODUCTION

The paper focuses on the dynamics of changes in hae-
matological parameters in the blood of hens during the
laying period. A large number of papers on haematologi-
cal examination of domestic birds have been published.
However, the majority of these papers deal with haemato-
logical parameters in relation to fowl diseases or to surgi-
cal procedures. In fact, there is a lack of knowledge of the
basic haematological parameters and dynamic changes in
layers during the laying period. Consequently, the inter-
pretation of results obtained by haematological research
on birds is often difficult. In the present paper we attempt
to make a contribution to haematology in layers in order
to fulfil a gap of knowledge of this subject. Not only aca-
demic researchers but also breeders in farming operations
have called for publishing results of this research.

In spite of the fact that layers represent the most impor-
tant domestic birds, scientific literature does not provide
complete data on haematological characteristics of this
species during the laying period. The only paper on a
similar topic was published for Coturnix coturnix japon-
ica by Strakova et al. (1994). Oyewale (1990) studied hae-
matology in guinea-hens during the laying period and
compared differences in haematological parameters of lay-
ing and non-laying hens. Other literature sources con-
cerning haematology in birds mainly deal with the
relationship between the reproduction and haemopoiesis
in males, for example in breeding roosters reported by
Suchy et al. (1997) and in breeding turkey-cocks by Stra-
kova et al. (1996). The important haematological studies
in various breeds of Galliformes were described in papers
on haematology in gui-nea fowl by Brijesh et al. (1998),
Uko and Ataja (1996), Kundu et al. (1993), and in red-
legged partridge (Alector rufa) by Robles et al. (1998).
Furthermore, Awotwi and Boohene (1992) published in-
teresting comparative haematological studies of guinea-
hen, duck and turkey.

MATERIAL AND METHODS

The aim of this work was to study the dynamics of hae-
matological parameters in blood plasma of hens during
the laying period.

Thirty clinically healthy hens (Moravia BSL) aged
20 weeks and weighing 1.89 (+ 0.230) kg on average were
included in the experiment. Layers were reared separately
in cages in a certified laboratory equipped with controlled
air-conditioning, in the Institute for Nutrition, Dietetics, Zoo-
hygiene and Vegetable Food Technology at the University
of Veterinary and Pharmaceutical Sciences in Brno. Layers
were supplied by Integra Ltd., Zab&ice, Czech Republic,
together with the corresponding technological procedure
that was maintained during the whole breeding. The tem-
perature was kept between 13 and 18°C; the relative humid-

ity ranged between 70 and 75% in the experiment. During
the laying period the light day was gradually extended to a
maximum of 14 hrs of light per day in the 42nd week.

Until the 30th week of the laying period the layers re-
ceived ad libitum a powdery feeding mixture containing
162.5 g/kg of nitrogen ingredients, 52.4 g/kg of fat, 31.7 g
per kg of fibre, 11.2 MJ/kg of energy, 36.3 g/kg of Ca and
6.3 g/kg of P. From the 30th week a mixture containing
149.3 g/kg of nitrogen ingredients, 48.9 g/kg of fat, 35.4 g
per kg of fibre, 10.6 MJ/kg of energy, 34.8 g/kg of Ca and
5.2 g/kg of P was used.

Haematological examinations of blood in layers during
the laying period were performed regularly in five-week
intervals between 7 a.m. and 9 a.m. Blood samples (1 cm®)
taken from vena basilica were placed in test tubes coated
with heparin.

Blood smear was examined immediately, other haemato-
logical analyses were performed within 2 hours after the
blood taking.

The haematological parameters were determined as fol-
lows: erythrocyte count (Er) and leukocyte count (Le) were
determined using a dilution method and Biirker chamber;
the content of haemoglobin (Hb) was estimated photo-
metrically at 540 nm in Drabkin solution using a photom-
eter Specol-11. The haematocrit value was determined by
capillary microhaematocrit method according to Janetzki.
Individual leukocytes were determined from a blood smear
on panoptic staining by Pappenheim method using May-
Griinwald and Giemsa-Romanovski staining solutions.
After the experimental values of Er, Hk and Hb became
available, mean corpuscular haemoglobin concentration
(MCHC), mean corpuscular haemoglobin — MCH and mean
corpuscular volume (MCV) were calculated. The results
were processed by statistical methods using a programme
Statgrafphic.

RESULTS

The results of haematological studies demonstrated
changes in hens during the egg-laying period.

The mean values of erythrocyte count in the blood of
layers ranged between 2.16 T/l and 2.54 T/1 (Table 1). A
gradual decrease in erythrocyte count from 2.51 t0 2.16 T/1
was observed from the S5th week to the 25th week of the
laying period. From the 30th week it increased significant-
ly (P < 0.05) to 2.40 T/1. iu the next stages of the laying
period (Table 1) it ranged from 2.26 to 2.54 T/l

Similar dynamic changes were detected for haematocrit
values. Its mean values gradually decreased from 0.29 to
0.26 1/1 from the 5th to 25th week (Table 1). From the 30th
week haematocrit values significantly increased (P < 0.05)
to 0.28 1/1 followed by a highly significant (P <0.01) in-
crease to 0.31 1/1 in the 35th week and to 0.36 1/1 in the
40th week of the laying period. From the 40th week the
haematocrit values remained unchanged.
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Table 1. The mean values of hacmatological parameters in the red blood-cell analysis
Week Erythrocytes Haematocrit Haemoglobin MCHC MCH MCV
(T7) (1) ()] (%) (rg) (f1)
5 2.51 0.29 92.52 31.38 37.22 118.92
(0.353) (0.026) (12.325) (2.749) (4.395) (13.369)
10 2.39 0.30 88.36 29.45%* 37.86 125.70
(0.399) (0.022) (6.545) (2.760) (6.457) (20.807)
15 2.32 0.27** 82.35%+ 30.45 36.56 120.36
(0.529) (0.026) (8.125) (1.410) (5.578) (19.707)
20 2.17 0.27 76.91** 28.44** 35.34 120.98
(0.344) (0.022) (5.739) (1.626) (3.617) (13.718)
25 2.16 0.26 75.29 29.77** 35.33 120.91
(0.402) (0.028) (7.760) (1.986) (6.190) (18.928)
30 2.40* 0.28* 84.28** 29.30 35.36 120.59
(0.400) (0.032) (7.772) (2.070) (7.392) (24.994)
35 2.26%* 0.31%* 105.30** 34.26** 49.25%* 144.25%*
(0.404) (0.020) (12.009) (3.651) (10.557) (24.25)
40 2.54* 0.36** 101.61 28.73** 40.64** 144.13
(0.332) (0.030) (11.112) (2.169) (6.595) (21.305)
45 2.28%* 0.36 100.18 27.95 44.09* 159.42%*
(0.297) (0.023) (13.136) (3.433) (3.768) (19.617)
50 2529 0.36 100.20 27.83 39.76** 142.86**
(0.501) (0.043) (6.772) (3.917) (6.987) (20.743)
MCHC = mean corp lar h globin ation () = (standard deviation)
MCH = mean corpuscular hacmoglobin * P <0.05
MCV = mean corpuscular volume determined during the 5th-50th week of the laying period **P <0.01

The above variations were even more pronounced in a
haemoglobin content which decreased mostly highly sig-
nificantly (P < 0.01) from 92.52 to 75.29 g/l during the 5th
and 25th week of the laying period. However, from the
30th week its mean values increased significantly (P <0.01)
to 84.28 g/l and 105.30 g/1 (the 35th week). Then its con-
tent ranged from 101.61 to 100.18 g/1 (Table 1) till the end
of the laying period.

The calculated parameters such as MCHC (mean cor-
puscular haemoglobin concentration), MCH (mean cor-
puscular haemoglobin) and MCV (mean corpuscular
volume) did not reflect the above dynamic changes of the
laying capacity. The MCHC values varied in rather a nar-
row range from 27.83 to 34.26% over the laying period.
Though the differences in the mean values of MCHC in the
10th, 20th, 25th, 35th and 40th weeks of the laying period
were found highly significant (P<0.01), as seen in Table 1,
they cannot be directly related to the laying period.

The mean values of MCH ranged in a narrow interval
35.33-37.86 pg between the 5th and 30th week of the lay-
ing period. From the 5th week to the end of the laying
period (50th week) a significant increase of MCH to 39.76—
49.25 pg was observed.
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Similarly like MCH, the mean values of MCV also ranged
in a narrow interval 118.92-125.70 fl between the 5th and
30th week (Table 1). From the 35th week to the end of the
laying period (the 50th week), MCV considerably in-
creased to 142.86-159.42 fl.

The variations of pariicular parameters in the white
blood-cell analysis during the laying period were not as
significant as those in red blood cells. The total leukocyte
count dropped highly significantly (P < 0.01) from 36.37
to 17.86 G/l between the 5th and 10th week. Table 2 shows
that this decrease was accompanied by a highly signifi-
cant (P < 0.01) decrease in leukocyte counts. Basophilic
granulocytes dropped from 1.12 to 0.60 G/l eosinophilic
granulocytes from 0.55 to 0.19 G/1, neutrophilic granulo-
cytes from 13.57 to 8.17 G/l, lymphocytes from 20.82 to
8.74 G/l and monocytes from 0.30to 0.16 G/1.

In the next stages of the laying period the mean values
of white blood-cell counts ranged as follows: total leuko-
cyte count 12.85-18.68 G/1, basophilic granulocytes 0.14—
0.60 G/, eosinophilic granulocytes 0.14-0.24 G/, neu-
trophilic granulocytes 3.94-10.24 G/1, lymphocytes 3.94—
11.70 G/l and monocytes 0.13-0.24 G/1. The lowest mean
value of total count for a particular type of leukocytes,
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Table 2. The mean values of haematological parameters in the white blood-cell count determined during the 5th-50th week of the laying

period
Week Leukocytes Basophiles Eosinophiles Neutrophiles Lymphocytes Monocytes
(GN) (Gn) (GN) (G Gn) (GNn)
5 36.37 1.12 0.55 13.57 20.82 0.30
(8.502) (0.622) (0.308) (5.164) (5.872) (0.218)
10 17.86%* 0.60** 0.19** 8.17%* 8.74** 0.16**
(4.747) (0.288) (0.144) (3.120) (2.919) (0.129)
15 18.66 0.40** 0.24 10.24 8.99 0.24*
(7.291) (0.268) (0.206) (6.354) (5.141) (0.137)
20 18.68 0.32 0.18 9.72 10.13 0.21
(6.555) (0.119) (0.099) (2.854) (4.223) (0.063)
25 17.65 0.20** 0.19 5.38%* 11.70 0.18
(5.660) (0.116) (0.116) (3.134) (4.509) (0.057)
30 12.85%* 0.14* 0.14 3.94% 8.40** 0.13**
(4.754) (0.078) (0.075) (1.832) (3.835) (0.048)
35 17.13%* 0.26** 0.20** 5.00 11.50** 0.17**
(5.358) © (0.178) (0.074) (2.849) (4.435) (0.054)
40 14.32 0.19 0.18 5.66 8.15%+ 0.14*
(5.669) (0.092) (0.088) (2.420) (3.902) (0.057)
45 16.69 0.23 0.17 4.51 11.62%* 0.16
(4.345) (0.198) (0.043) (2.287) (3.856) (0.043)
50 18.19 0.25 0.19 7.28%¥ 10.14 0.18
(6.229) (0.127) (0.072) (3.728) (4.162) (0.062)

( ) = standard deviation
* P<0.05
** P <001

except for lymphocytes (8.15 G/l in the 40th week), was
observed in the 30th week of the laying period: total leu-
kocyte count 12.85 G/, basophilic granulocytes 0.14 G/1,
eosinophilic granulocytes 0.14 G/1, neutrophilic granulo-
cytes 3.94 G/l and monocytes 0.13 G/1.

DISCUSSION

The results of haematological studies in clinically
healthy layers confirm that dynamic changes of haemato-
logical parameters occur during the laying period in rela-
tion to egg production. These changes are supposed to
be linked to the laying capacity. It was found that the red-
blood cell count, haematocrit values and the content of
haemoglobin decreased with an increase in laying capac-
ity. The lowest mean values of total erythrocyte count
(Er) 2.16 T/1, haematocrit (Hk) 0.26 1/1 and haemoglobin
content (Hb) 75.29 g/l were determined in the 25th week of
the laying period as the laying capacity reached its maxi-
mum of 90.75%. From the 30th week to 50th week the lay-
ing capacity gradually decreased from 80.29 to 56.08%.
This decrease was accompanied with a highly significant
(P <0.01) increase in the above haematological parame-
ters (Table 1). We assume that the laying in hens repre-

sents an enormous metabolic stress which is manifested
by decreasing erythropoiesis. A highly significant increase
in the mean corpuscular volume (MCV) and mean corpus-
cular haemoglobin (MCH) occurred in the 35th week when
the laying capacity dropped to 73.71%. The mean corpus-
cular haemoglobin concentration (MCHC) significantly
(P <0.01) increased to 34.26% in the 35th week. It gradu-
ally decreased to 27.83% in later stages (in the 50th week)
due to increasing MCV and decreasing MCH.

The mean values of Er, Hk and Hb during the laying
period ranged as follows: 2.16~2.54 T/l for Er, 0.26-0.36 1/1
for Hk and 75.29-105.30 g/1 for Hb. These values are lower
than those in Coturnix coturnix japonica reported by
Strakova et al. (1994), which might be caused by increased
metabolism, and thus by a higher level of erythropoiesis.
Suchy et al. (1997) published significantly higher values
of Er, Hk and Hb in breeding roosters during the repro-
duction period. Variations in relation to gender were also
reported by Oyewale and Ogwuegbu (1986) in Numida
meleagris.

Similar changes, though less pronounced, were ob-
served in single parameters of the white blood-cell count
in relation to the laying capacity (Table 2).

The white blood-cell count also tended to decrease with
an increase in laying capacity. In contrast to the red blood-
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cell count, the decrease in leukocyte count persisted till
the 30th week of the laying period when it reached the
lowest mean values not only for total leukocyte count but
also for single leukocytes except for lymphocytes. Thus,
the following values were determined: total leukocyte
count 12.85 G/1, basophilic granulocytes 0.14 G/1, eosino-
philic granulocytes 0.14 G/l, neutrophilic granulocytes
3.94 G/I, monocytes 0.13 G/1. The lowest mean value for
lymphocytes (8.15 G/1) was detected in the 40th week of
the laying period. In the second half of the laying period
the leukocyte count tended to increase. Interestingly, the
ratio of granulocytes to agranulocytes changed during
the laying period. In the early stages of the laying period
it was approximately 1:1. Later a number of granulocytes
dropped whereas that of agranulocytes increased. The
range for the mean values of leukocyte counts (total and
single) roughly corresponded to that reported by Strako-
v et al. (1994) and Suchy et al. (1989). The differential
count was in the physiological range reported also for
other species of poultry (e.g. Brijesh et al., 1998). Higher
values of total leukocyte count in domestic guinea-hens
in comparison with our findings were reported by Uko
and Ataja (1996). The cited authors reported the total leu-
kocyte count of 25.2 G/l in females and concluded that its
increased values were due to a permanent exposition of
birds to different pathological organisms.

It can be concluded that high egg production, especial-
ly in the peak of the laying period, entails an enormous
metabolic stress in layers that results in the lowering of
haemopoiesis. Therefore, the laying capacity should also
be considered when the results of haematological inves-
tigations are evaluated. The above results also demon-
strate that the peak of egg laying is an extremely demanding
period in the life of hens with respect to liability to infec-
tious agents.
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Evaluation of the genetic diversity in cattle using microsatellites
and protein markers

Geneticka diverzita skotu hodnocend pomoci mikrosatelitli a proteinovych
markerti

J. Citex, V. ReHout

University of South Bohemia, Department of Animal Breeding, Ceské Budéjovice, Czech Republic

ABSTRACT: The aim of the study was to evaluate the degree of the genetic diversity in cattle breeds computed from microsatel-
lites and protein markers. The study was carried out in Czech Pied (Simmental) cattle, Black and White cattle, German Black and
White cattle, and in Czech Red, Polish Red, and German Red cattle, which are original cattle breeds endangered by extinction. The
highest degree of genetic diversity as measured by heterozygosity and probability of genotypic identity of two individuals has been
found in Czech Pied cattle, The total diversity of microsatellites and protein markers in Czech Red cattle was not reduced, even
though its population is several dozen of heads only, but the tendency towards reduction was found in microsatellites. The lowest
total diversity was found in German Red cattle. Three patterns of exclusion probability are discussed.

Keywords: cattle; diversity; heterozygosity; genotypic identity; exclusion probability; microsatellites; protein markers

ABSTRAKT: Cilem studie bylo posoudit stupefi genetické diverzity u nékterych plemen skotu na zékladé¢ alelickych frekvenci
mikrosatelitl i polymorfnich proteinti u eského strakatého, ernostrakatého a némeckého &ernostrakatého skotu, déle u &es-
kych Eervinek, polského a némeckého Cerveného skotu, ktera patfi k pivodnim plemenim ohroZenych vymizenim. Nejvyssi
stupeni genetické diverzity méfeny heterozygotnosti a pravdépodobnosti genetické identity byl zjistén u Ceského strakatého
skotu. Celkova diverzita u &eskych &ervinek nebyla niz3i ptes to, Ze se jedné o pofetné silné omezenou genovou rezervu, aviak
tendence ke sniZeni byla zji§téna u mikrosatelitnich lokusd. NejniZsi celkova diverzita byla zjisténa u némeckého ¢erveného
skotu. Jsou diskutovany tfi rizné modely pravdépodobnosti vylouceni nespravného rodice.

Klitova slova: skot; diverzita; heterozygotnost; genotypova identita; pravdépodobnost vylouceni; mikrosatelity; proteinové markery

INTRODUCTION

The genetic diversity and evolution are mutually con-
nected. In farm animals, many breeds well accommodated
to different conditions have been bred. On the other hand,
man has decreased the genetic diversity lately.

Due to the industrialization of agriculture in developed
countries, the preservation of diversity in domestic ani-
mals has become an important problem in recent years.
The inbreeding and genetic drift, respectively, restrict the
genetic variability in small populations. Also in cattle
breeding, original breeds are endangered by extinction
and highly efficient breeds have expanded, especially
Holstein Friesian. The inbreeding in the industrially ex-

ploited breeds is also increasing due to their reduced ef-
fective population size.

Different methods are used to evaluate genetic diversi-
ty. Differences in body structure or the coefficients of
inbreeding are studied, polymorphisms of blood groups,
milk and blood proteins, and molecular markers, especial-
ly microsatellites are evaluated.

The latter are popular above all due to their high polymor-
phism and extension, they occur in the eucaryote genome
every 10 kb (Tautz, 1989). Microsatellites have been defined
as length variations within tandem arrays of short nucle-
otide motifs and localised by specific sequences of primers
in PCR. Many bovine microsatellite loci are listed in literature
(Moore et al., 1992; Bishop et al., 1994; Grosse et al., 2000).
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A number of authors have used microsatellites to eval-
uate genetic diversity within and between populations.
Edwards et al. (2000) gave the average heterozygosity of
20 microsatellite loci from 0.58 in Simmental to 0.71 in Pinz-
gauer, the mean number of alleles ranging between 5.2—
6.0. The degree of heterozygosity was also given by Hira-
no et al. (1996). Peelman et al. (1998) reported the het-
erozygosity of a four-allelic system 0.27-0.42, and of a
fourteen-allelic system 0.75-0.82. The other indices of in-
trapopulation genetic diversity incl. the exclusion proba-
bility or the probability of identity of two individuals were
influenced by the number of alleles too.

Jamieson and Taylor (1997) described three formulae for
the use of marker loci in parentage exclusion. Peelman ez al.
(1998) compared the exclusion probability in Belgian breeds.

The microsatellite multilocus genotype is particularly
efficient in evaluating the between- and within-breeds
genetic similarities. Hanslik et al. (2000) revealed the ge-
netic differences between American and European Hol-
stein populations by microsatellite analysis.

The marker microsatellite loci are widely used to con-
struct gene maps. Thomsen ef al. (2000) included 265 mark-
ers in a male linkage map, 248 of which were microsatellites,
the map length over all chromosomes was 3135.1 cM. Maps
are prepared primarily as a tool for scanning the genome
for QTL (Thomsen ez al., 2000; Lien et al., 2000).

Table 1. Allele frequencies

The polymorphisms of proteins have become of some
interest in the last decades because of the possible influ-
ence on physiological and production traits, they are also
often incorporated into gene maps. Besides these mo-
tives, the polymorphisms of proteins are studied to eval-
uate genetic diversity (Medjugorac et al., 1994).

In the casein kappa (CSN10, CASK), many alleles have
been described (Prinzenberg et al., 1996), A and B prevail.
The genetic polymorphisms of lactoglobulin beta (LGB)
has been known since the fifties, 4 and B are predomi-
nant. In the growth hormone 1 (GH1, bGH), the polymor-
phism on the 127th amino acid position (leucine-valine) is
often studied. In prolactin (PRL), an A-G mutation at the
codon for amino acid 103 in exon III causes a polymorphic
restriction site revealed by Rsal (Lewin et al., 1992). The
polymorphism of pituitary growth factor (P/71) was de-
scribed by Woolard et al. (1994).

MATERIAL AND METHODS

The aim of this study was to evaluate the degree of
genetic diversity computed from the allelic frequencies of
microsatellites and protein markers.

The study was carried out in Czech Pied cattle (» =48),
Black and White cattle (n = 42), and German Black and

Locus Allele Czech Red Czech Pied  Black and White German Black and White Polish Red German Red
BM6438 1 0.119 0.179 . 0.222 0.321 0.073 0.104
2 0.355 0.282 0.292 0.286 0.355 0.271
3 0.421 0.372 0.458 0.357 0.161 0.344
4 0.105 0.167 0.028 0.036 0.411 0.281
CSSM004 1 0.558 0.346 0.500 0.440 0.421 0.432
2 0.154 0.269 0.214 0.155 0.254 0.307
3 0.288 0.385 0.286 0.405 0.325 0.261
IDVGAY 1 0.079 0.250 0.113 0.263 0.057 0.039
2 0.921 0.750 0.887 0.737 0.943 0.962
M6117 1 0.218 0.014 0.183 0.238 0.203 0.193
2 0.487 0.432 0.450 0.400 0.458 0.466
3 0.295 0.554 0.367 0.362 0.339 0.341
BMI48 1 0.040 0.122 0.250 0.171 0.028 0.012
2 0.081 0.049 0.013 0.012 0.370 0.500
3 0.757 0.756 0.724 0.805 0.185 0.179
4 0.122 0.073 0.013 0.012 0.417 0.309
RMO012 1 0.515 0.317 0.351 0.300 0.014 0.559
2 0.394 0.585 0.581 0.586 0.843 0.440
3 0.091 0.098 0.068 0.114 0.143 0
BOVCASK3S5 1 0.053 0.183 0.469 0.197 0.214 0.200
2 0.405 0.402 0.234 0.500 0.357 0.425
3 0.237 0.232 0.219 0.212 0.286 0.238
4 0.303 0.183 0.078 0.091 0.143 0.138
BOVIRBP 1 0 0.113 0.057 0 0.063 0
2 0.088 0.350 0.271 0.139 0.054 0.034
3 0.912 0.538 0.671 0.861 0.884 0.966
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White cattle (» = 42). Non-related individuals were cho-
sen at random in each of these groups. Another popula-
tion was Czech Red cattle (n = 54). Because it is an original
Czech cattle breed endangered by extinction, we tried to
genotype maximum of its members. The group was com-
posed of partially related offspring of 8 sires. German Red
and Polish Red breeds are also endangered because they
have survived in a very restricted number. There are about
100 000 cows in Poland (crossbreds and purebreds), but
only 900 cows are under milk recording. The preservation
programme covers less than 100 cows. Many herds have
been crossed with Angler cattle, which is related to the
breeds mentioned, therefore the original Polish genotypes
are dwindling. The study was carried out in 65 Polish Red
cattle offspring of 39 sires coming from two herds, and 28
German Red cattle coming from 4 herds. Especially the Ger-
man Red is very low-numbered, therefore the group was
made of partially related animals, offspring of twelve dams
and nine sires; the sires of nine animals were unknown.
DNA was isolated from whole blood. Microsatellites
were amplified in PCR and separated by electrophoresis
on acrylamide sequencing gels, or in sequencer ALF Ex-
pressIl (Pharmacia Biotech, Uppsala, Sweden). The frag-
ments were visualised by silver staining. The microsatellite
markers used in the analysis were BM6438 (4 alleles, 256

Table 1. Allele frequencies — continuation

272 bp), CSSM004 (3 alleles, 183 bp), IDVGAY (2 alleles,
201-203 bp), BM6117 (3 alleles, 110-114 bp), BM148 (4 al-
leles, 97105 bp), BM4621 (3 alleles, 137-145 bp), RM012
(3 alleles, 107-111 bp), SRCY7 (3 alleles, 118-124 bp),
BOVCASK35 (4 alleles, 234-238 bp), BOVIRBP (3 alle-
les, 176-186 bp), BTOBCAM (3 alleles, 180-186 bp),
BOVPAIIMR (2 alleles, 217-219 bp), BOVSEMRN (3 alle-
les, 202—-223 bp). In Table 1, the longest allele is marked as
1. The found number and length of alleles corresponded to
the literature. The primer sequences were as given by Bish-
op et al. (1994), Moore et al. (1992, 1994), Ferreti et al.
(1994), Kossarek et al. (1994), Lang and Plante (1994), the
PCR conditions (annealing temperature, magnesium chlo-
ride concentration) were optimised individually for every
microsatellite.

The polymorphisms of genes for prolactin (PRL; alleles
A, B), casein kappa (CSN10; alleles 4, B, E), lactoglobulin
beta (LGB; alleles 4, B), growth hormone 1 (GH!; alleles
L, V), and pituitary growth factor (PIT1 alleles 4, B) were
also included in computations. Genotyping of protein loci
was carried out by PCR/RFLP method according to Schlee
et al. (1992) for casein kappa, Medrano and Aguilar-Cor-
dove (1990) for lactoglobulin beta, Mitra et al. (1995) for
growth hormone 1 and prolactin, and Woollard ez al. (1994)
for pituitary growth factor.

Locus Allele Czech Red Czech Pied Black and White German Black and White Polish Red German Red
BTOBCAM 1 0 0 0.041 0 0.051 0.068
2 0.027 0.476 0.041 0.209 0.286 0.875
3 0.973 0.524 0.919 0.790 0.663 0.057
BOVPAIIMR 1 0.065 0.095 0.115 0.029 0.016 0.093
2 0.935 0.905 0.885 0.971 0.984 0.907
BM4621 1 0.184 0.385 0.155 0.256 0.063 0.023
2 0.684 0.243 0.759 0.573 0.828 0.733
3 0.132 0.372 0.086 0.171 0.109 0.244
BOVSEMRN 1 0.224 0.269 0.027 0.077 0.214 0.300
2 0.434 0.679 0.932 0.821 0.777 0.620
3 0.342 0.051 0.041 0.102 0.009 0.080
SRC97 1 1 0.925 0.878 0.925 0.873 0.936
2 0 0.063 0.122 0.050 0.063 0.043
3 0 0.012 0 0.025 0.063 0.022
PRL A 0.559 0.826 0.905 0.808 0.869 0.909
B 0.441 0.174 0.095 0.192 0.131 0.091
CSN10 A 0.559 0.514 0.756 0.713 0.685 0.814
B 0.364 0.414 0.220 0.225 0.315 0.174
E 0.076 0.071 0.024 0.063 0 0.012
LGB A 0.441 0.472 0.405 0.303 0.192 0.321
B 0.559 0.529 0.595 0.697 0.808 0.679
GHI L 0.490 0.558 0.700 0.833 0.769 0.849
14 0.510 0.442 0.300 0.167 0.231 0.151
PITI A4 0.049 0.109 0.329 0.263 0.137 0.079
B 0.951 0.891 0.671 0.737 0.863 0.921
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Allele frequencies and heterozygosity were estimated:
n
H=1-Y p?
i=1

where: p, = frequency of i-allele
n,=number of alleles

The effective number of alleles, a reciprocal value of the
homozygosity was calculated according to the formula:

1

n

P

Jj=1

EA =

where: p,=frequency of j-allele on the i-locus

The probability of genotypic identity of two individu-
als chosen at random in a population (G1), and the ran-
dom probability of two individuals’ genotypic identity
both belonging to a different breed (G2) were calculated
(Peelman ez al., 1998):

G1=1L[ ia;. +4"f‘ ia,-lz-. a,:;‘]

i=1 | j=1 Jeik=j+
where: r = number of loci
n, =number of alleles on the i-locus
a,, a, = frequency of j-allele on the i-locus

02=ﬁ[ia;.b,f+4§t fja”.q,.q,,.q,,]

i=1 | j=1 J=1 k=j+l
where: r = number of loci
n = number of alleles on the i-locus

i
a, a, =frequency ofj- and k-allele on the i-locus in the
1st population

b, b, = frequency in the 2nd population

it ik

The probabilities of exclusion of an alleged parent were
calculated using a formula according to Jamieson and Tay-
lor (1997) if the genotypes of a mother, its offspring and a
putative sire are known:

n n n
P1=1-2Yp}+ ¥ pi +2¥ p -
i=1 i=1

i=1

n n n n
=335 2P +3Xp! X5
i=1 i=1 i=1 i=1
The formula for the exclusion probability if the geno-
types of only an offspring and one parent are known:

P2=1-43 p +2(3 )43 p} -33 b
i=1 i=1 i=1 i=1

Finally, given two parents and one offspring, excluding
both parents (substituted offspring):

P3= 1+4fjp,.4 —42"‘,10,5 -3ipf —S(f,xv?)2 +
i=1 i=1 i=1

i=1

+8(Xp?) (S pH+2(3pd)
i=]1 i=1

i=1
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where: p, = allele frequencies
The combined exclusion probalility of & loci is:
P=1-(1-P)(1-Py)...(1=Pp)

RESULTS AND DISCUSSION

The internal variability within the breeds has developed
being influenced by the selection for different goals in
various regional, climatic and nutritional conditions, ge-
netic drift has also contributed to these processes. The
aim of this paper was to evaluate the genetic diversity in
some cattle breeds including the Central European Red
cattle breeds Czech Red, Polish Red, and German Red cat-
tle, which were studied to estimate the risk of loss in di-
versity in the gene pools. The allelic frequencies included
in the computations are given in Table 1.

The highest heterozygosity was found in Czech Pied
cattle (Table 2). It corresponds with the lowest probabili-
ty of the genotypic identity of two individuals chosen at
random in one population (Table 3). The degree of inter-
nal variability depends mainly on the breeding history of
the respective population. The Czech Pied breed came
into being by crossing of the autochthonous Czech Red
breed with many breeds in the 19th century. Successive-
ly, Simmental cattle dominated especially due to its high
production performance. The unification of the Czech Pied
cattle population continued, the gene flow of Simmental
went on, and moreover, other breeds were used to im-
prove the population. Owing to these facts, the high de-
gree of genetic variability could be expected. Our results
are not contradictory to this hypothesis. The diversity
computed from frequencies in microsatellite loci was also
highest in Czech Pied breed.

In Czech Red cattle, the total degree of polymorphism
was relatively high in spite of the fact that its number as
restricted, the variability in microsatellite loci was lower,
namely the monomorphism of SRC97 should be pointed
out. The results showed a tendency to reduced diversity
in German Red cattle caused mainly by protein markers.
Indeed, the frequencies especially in prolactin, casein
kappa or growth hormone 1 deviated towards one allele
more than in other populations, the variability in micro-
satellites was not lower compared to the other breeds.
The total variability in Polish Red cattle also suggested a
tendency towards restriction. The random genetic drift
and inbreeding contribute to these processes in small pop-
ulations of the old original cattle breeds. Based on eryth-
rocyte antigen systems and transferrin polymorphisms,
Kantanen ef al. (1999) report on the maintenance of rea-
sonable genetic variability in North European native
breeds, but some low-frequency alleles became extinct.
Due to their low effective size they consider the loss of
genetic variation in the future as probable.
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Table 2. Heterozygosities (H) and the numbers of effective alleles (E.A.)

Locus Czech Red Czech Pied Black and White German Black and White Polish Red German Red
BM6438 H 0.672 0.722 0.655 0.686 0.674 0.719
E.A. 3.049 3.597 2.899 3.185 3.067 3.559
CSSM004 H 0.582 0.659 0.622 0.618 0.653 0.651
E.A. 2.392 2.933 2.646 2.618 2.882 2.865
IDVGAY H 0.146 0.375 0.200 0.388 0.108 0.074
E.A. 1.171 1.600 1.250 1.634 1.121 1.080
BMG6117 H 0.628 0.506 0.629 0.652 0.634 0.629
E.A. 2.688 2.024 2.695 2.874 2.732 2.695
BM148 H 0.404 0.406 0.413 0.322 0.654 0.622
E.A. 1.678 1.684 1.704 1.475 2.890 2.645
RM012 H 0.571 0.548 0.535 0.554 0.269 0.493
E.A. 2331 < 2212 2.151 2.242 1.368 1.972
BOVCASK35 H 0.685 0.718 0.671 0.658 0.725 0.704
E.A. 3.175 3.546 3.040 2.924 3.636 3.378
BOVIRBP H 0.159 0.575 0.473 0.231 0.212 0.066
E.A. 1.189 2.353 1.898 1.300 1.269 1.071
BTOBCAM H 0.053 0.499 0.152 0.331 0.476 0.227
E.A. 1.056 1.996 1.179 1.495 1.908 1.294
BOVPAIIMR H 0.122 0.172 0.204 0.056 0.032 0.169
E.A. 1.139 1.208 1.256 1.059 1.033 1.203
BM4621 H 0.481 0.654 0.392 0.577 0.298 0.403
E.A. 1.927 2.890 1.645 2.364 1.424 1.675
SRC97 H 0 0.140 0.214 0.141 0.230 0.121
E.A. 1 1.163 1.272 1.164 1.299 1.138
BOVSEMRN H 0.644 0.463 0.128 0.310 0.351 0.519
E.A. 2.809 1.862 1.147 1.449 1.541 2.079
Average H microsat. H 0.396 0.495 0.407 0.425 0.409 0.415
PRL H 0.493 0.287 0.172 0.311 0.227 0.165
E.A. 1.972 1.403 1.208 1.451 1.294 1.198
CSNI0 H 0.549 0.559 0.379 0.438 0.432 0.307
E.A. 2.217 2.268 1.610 1.779 1.760 1.443
LGB H 0.493 0.498 0.482 0.422 0.311 0.436
E.A. 1.972 1.992 1.931 1.730 1.451 1.773
GHI H 0.500 0.493 0.420 0.278 0.358 0.257
E.A. 2.000 1.972 1.724 1.385 1.558 1.346
PITI H 0.093 0.194 0.441 0.387 0.237 0.146
E.A. 1.102 1.241 1.789 1.631 1.310 1.171
Average H Cod. loci H 0.426 0.406 0.379 0.367 0.313 0.262
Average H Total H 0.404 0.470 0.399 0.409 0.382 0.373
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Table 3. The random probability of genotypic identity of two individuals’ within one breed (GI)

Locus Czech Red Czech Pied  Black and White German Black and White Polish Red German Red
BM6438 0.1681 0.1271 0.1845 0.1631 0.1676 0.1327
CSSM004 0.2451 0.1901 0.2139 0.2264 0.1944 0.1951
IDVGA9 0.7407 0.4609 0.6594 0.4501 0.8011 0.8621
BMG6117 0.2103 0.3585 0.2145 0.1958 0.2085 0.2126
BM148 0.3820 0.3791 0.4105 0.4974 0.1889 0.2127
RMO012 0.2731 0.2819 0.3040 0.2723 0.5634 0.3784
BOVCASK35 0.1593 0.1283 0.1623 0.1679 0.1262 0.1373
BOVIRBP 0.7189 0.2610 0.3484 0.6074 0.6316 0.8747
BTOBCAM 0.8989 0.3756 0.7241 0.5011 0.3491 0.6103
BOVPAIIMR 0.7784 0.6999 0.6542 0.8935 0.9370 0.7049
BM4621 0.3186 0.1943 0.4056 0.2450 0.5140 0.4206
BOVSEMRN 0.2011 0.3577 0.7642 0.4978 0.4769 0.3064
SRC97 1 0.7460 0.6403 0.7428 0.6054 0.7758
Microsatellite loci 3.437x10- ¢ 1.947x10°7  3.703x10°¢ 1.823x107¢ 2.241x10°%  1.973x10°¢
PRL 0.3786 0.5492 0.7000 0.5235 0.6228 0.7104
CSNIO 0.2921 0.2891 0.4411 0.3718 0.4160 0.5209
LGB 0.3786 0.3758 0.3844 0.4231 0.5234 0.4134
GHI 0.3751 0.3784 0.4246 0.5597 0.4790 0.5855
PITI 0.8262 0.6687 0.4095 0.4504 0.6107 0.7394
Proteins 1.297x10-2 1.510x10"2  2.064x10-2 2.076x10-2 3.967x10"2  6.623x10°2
Total 4.460x10°% 2.940x10~°  7.641x10"% 3.785x10"8 8.889x10~%  1.307x1077

Except for Czech Red cattle, there were higher heterozy-
gosity and lower probability of identity, respectively, in
microsatellite loci compared to the protein markers. Simi-
larly Arranz et al. (1996) estimated higher heterozygosity
from microsatellites than from proteins. E.g. the mean prob-
ability of two individuals’ genotypic identity in Czech
Pied cattle was 0.351 in microsatellite loci, 0.452 in pro-
teins, in German Red cattle 0.448 and 0.594, respectively.
The figures followed the number of alleles, the highest
mean of heterozygosity across all breeds was found in a
4-allelic system of BOVCASK35 (0.694), but there were
also exceptions, BM148 with 4 alleles possessed lower
heterozygosity 0.470 than 3-allelic loci CSSM004 (0.631),
BM6117 (0.613), and RM012 (0.495). Something like ex-
ceptions was also observed by Hirano et al. (1996) or
Moazami-Goudarzi et al. (1994). Moore et al. (1992) gave
higher heterozygosity of 0.737 in 19 animals from the refer-
ence family for BOVCASK 35, similarly for BOVIRBP 0.684,
our average 0.286, and BOVPAII MR 0.632, our figure 0.126.
On the other hand, our heterozygosities in BTOBCAM and
BOVSEMRN were higher (0.290 and 0.263; 0.403 and 0.158).
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Table 4. The random probability of genotypic identity of two indi-
viduals belonging to two breeds (G2)

Breed combination Probability
Czech Red and Czech Pied 4.343x10°10
Czech Red and Black and White 5.216x10°
Czech Red and German Black and White 3.974x107°
Czech Red and Polish Red 5.096x10-10
Czech Red and German Red 3.072x10° 1
Czech Pied and Black and White 7.223x10-10
Czech Pied and German Black and White 1.354x10°°
Czech Pied and Polish Red 1.228x10°10
Czech Pied and German Red 1.019x10-1°
Black and White and German Black and White  1.871x10-%
Black and White and Polish Red 6.219x%10710
Black and White and German Red 2.481x10°!!
German Black and White and Polish Red 7.679%10-10
German Black and White and German Red 1.574x10-10
Polish Red and German Red 4.313x10°°
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Table 5. The probabilities of exclusi y
Czech Red  Czech Pied Black and White German Black and White Polish Red German Red

P1 Microsatellites 0.9665 0.9833 0.9686 0.9615 0.9705 0.9709
P1 Proteins 0.6211 0.6110 0.5775 0.5691 0.5036 0.4523
P1 Total 0.9873 0.9935 0.9867 0.9834 0.9854 0.9841
P2 Microsatellites 0.8058 0.8782 0.8057 0.7773 0.8099 0.8442
P2 Proteins 0.4290 0.3792 0.3025 0.3349 0.2170 0.1532
P2 Total 0.8891 0.9244 0.8645 0.8519 0.8512 0.8681
P3 Microsatellites 0.9966 0.9988 0.9969 0.9958 0.9972 0.9971
P3 Proteins 0.7938 0.7884 0.7649 0.7515 0.6785 0.5943
P3 Total 0.9993 0.9998 0.9993 0.9990 0.9991 0.9988

Pl = the probability of exclusion of an alleged parent if the genotypes of a mother, its offspring and a putative sire are known
P2 = the probability of exclusion if the gepotypes of only an offspring and one parent are known
P3 = the probability of exclusion of both parents if the genotypes of two parents and one offspring are known (a substituted offspring)

Our average heterozygosity in /[DVGA9 0.215 was compa-
rable with that of Ferretti ez al. (1994): 0.278.

In general, the probability of two individuals’ genotypic
identity, each belonging to a different breed should re-
flect the degree of relationship between the populations.
But one must realize the existence of genetic drift in small
populations, it concerns the low probability between Czech
Red and German Red cattle, Czech Red and Czech Pied,
Czech Red and Polish Red (Table 4). The high probability
between Black and White cattle and German Black and White
cattle reflects their relationship, the Black and White cattle
of Czech origin has arisen from absorptive crossing of Czech
Pied cattle and Black and White bulls both of American
and European origin. The high probability between Czech
Red and Black and White, and between Polish Red and
German Red is also in accordance with the phylogeny.

The exclusion probabilities are given in Table 5. Taking
into account all loci, an exclusion probability >0.98 was
obtained if the genotypes of a mother, its offspring and
a putative sire are known (P1). Due to the different num-
ber of loci the figures for microsatellites and protein
markers are not directly comparable, the average exclu-
sion probability in microsatellites in all breeds under
study exceeded the probability in proteins (in Czech Red
cattle by 0.2163 and 0.1735, in Czech Pied by 0.2591 and
0.1698, in German Black and White by 0.2233 and 0.1576,
in Black and White by 0.2121 and 0.1541, in Polish Red
by 0.2234 and 0.1303, in German Red by 0.2230 and 0.1126,
respectively). Thus, the conclusion of Peelman et al.
(1998) about the suitability of microsatellites for identi-
fying the individuals in parentage control or forensic
medicine has been confirmed. Nevertheless, they men-
tion the fact that the high mutation rates of microsatellites
can complicate parentage testing, and the alleged parent

should never be excluded on the basis of incompatibility
for one marker only. As expected, the probability of exclu-
sion P2 was lower if the genotype of one parent was un-
known (Table 5). Heyen et al. (1997) gave the probability
of exclusion involving 22 microsatellites >0.99999 if the
genotypes of both parents and an offspring are known,
and >0.9986 if the genotype of the confirmed parent is
unknown. They also draw attention to a possible mistake
when the alleged parent is excluded by a single marker.

Except for German Red cattle, the total exclusion proba-
bility of both parents P3 if the genotype of both parents
and offspring is known exceeded 0.999. Jamieson et al.
(1997) gave maximal theoretical probabilities of parentage
exclusion at loci with different numbers of alleles, natural-
ly, the practical probabilities are lower.

In conclusion, the high degree of diversity in Czech
Pied cattle, and the possible risk of random drift and in-
breeding in small populations was stated. The suitability
of microsatellites for population studies and parentage
testing was confirmed.
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Comparison of several growth models for cattle

Srovnani nékolika ristovych modeli pro skot

H. NESETRILOVA

Czech University of Agriculture, Prague-Suchdol, Czech Republic

ABSTRACT: Five growth models (logistic, Gompertz, Richards, Morgan-Mercer-Flodin and Weibull) and their suitability for
modelling of body growth in cattle are studied in this paper. As these models are nonlinear regression models and their properties
can be studied only in the combination model/data, growth data on breeding bulls of Czech Pied cattle were used for the purposes
of the present analysis. Residual variance was used as a criterion of the quality of fit (Table 1); this criterion was supplemented by
statistical properties of the model parameter estimators (Tables 2 and 3), degree of nonlinearity of individual models for the
considered data (Tables 4 and 5) and visual inspection of the growth curve (Figures 1-5). Considering these criterions, the better
of the three-parameter models was Gompertz model in parametrization 2, among the four-parameter models Richards model
proved to be unsuitable for the data due to high values of residual variance and high degree of nonlinearity. The remaining two four-
parameter models (Morgan-Mercer-Flodin and Weibull) had low residual variances but the curves lacked elasticity and both
models overestimated the position of the asymptote which is important for breeders (final weight of an animal).

Keywords: growth models; nonlinear regression; cattle growth; breeding bulls

ABSTRAKT: V ¢lanku je studovéna vhodnost péti riistovych modell (logisticky, Gompertziiv, Richardstiv, Morgan-Mercer-
Flodiniv a Weibulliiv) pro modelovéani riistu skotu. ProtoZe se jedn4 o nelinedrni regresni modely a vlastnosti takovych modeli
je mozné studovat pouze v kombinaci model/data, jsou pro igely této analyzy pouZita data o riistu plemennych bykl &eského
strakatého skotu. Zakladnim kritériem pro posouzeni vhodnosti modelu je rezidualni rozptyl (Tab. 1), toto kritérium je doplné-
no sledovanim statistickych vlastnosti odhadi parametri jednotlivych modeld (Tab. 2 a 3), stupné nelinearity modelt pro
uvaZovand data (Tab. 4 a 5) a vizulniho posouzeni priib&hu riistové kfivky (Obr. 1-5). Na zékladé téchto kritérii se jako lepsi
z tfiparametrickych modehi jevil Gompertziiv model v parametrizaci 2, ze &tyfparametrickych modeli se jako nevhodny uké-
zal Richardstiv model kviili vysokému rezidualnimu rozptylu a vysokému stupni nelinearity modelu. Dalsi dva &tyfparametric-
ké modely (Morgan-Mercer-Flodiniiv a Weibulliv) maji podstatné mensi rezidudlni rozptyly, ale jsou mélo pruzné a vyrazné
nadhodnocuji polohu asymptoty modelu, ktera je z chovatelského hlediska diileZita (hmotnost zvifete v dospélosti).

Kli¢ova slova: riistové modely; nelinearni regrese; riist skotu, plemenni byci

INTRODUCTION

Growth modelling has been permanently in the focus of
attention of animal breeders, biologists and geneticists.
In cattle, Gompertz and Richards models are among the
most frequently used models for modelling body growth.
These two growth models were supplemented by three
others and their statistical properties were studied in more
detail. Due to the fact that growth models are nonlinear
regression models, their properties are determined only in
combination with a particular data set. For the purposes
of this study, data on individual growth of breeding bulls
of the Czech Pied cattle were used.

For modelling the body growth of cattle usually nonlin-
ear regression models with three or four parameters are
considered. Among the three-parameter models, Gomp-
ertz model is frequently used. It is a model with a fixed
inflexion point (weight at the inflexion point is approxi-
mately one third of the final, asymptotic, weight). The
inflexion point of the model corresponds to the age with
maximum growth rate. Thus the maximum growth rate is
determined by the animal’s final weight in Gompertz mod-
el. The logistic model in its classical form is used rarely
because the weight at the inflexion point is one half of the
asymptotic weight while the growth rate in cattle has its
maximum earlier (KniZe, 1987). The growth models with
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four parameters are more flexible in general because the
position of the inflexion point is not fixed like in the case
of three-parameter models. Among the models with four
parameters, Richards model is frequently used (Fitzhugh,
1976; Beltran et al., 1992; Pulkrabek et al., 1980; Nesetfilova
and Pulkrabek, 1995). Nevertheless, the estimation of its
parameters might cause difficulties as the least squares
estimates are often unstable and the number of necessary
iterations is usually high or sometimes the convergence
of the estimates is not reached at all.

METHODS
Properties of five growth models (1) to (5) for modelling

the individual growth curves of live weight in breeding
bulls of the Czech Pied cattle were studied:

logistic model
o
77 T+expB-v0) m
Gompertz model
y = aexp(-exp(B - y1) (2)
Richards model
y=0o(1 +exp( -y))™* (€))
Morgan- Mercer-Flodin model
5
= SH_‘!: 4)
Y+t
Weibull type model
y=0-B exp(-yr’) @)

In these models y is live weight of an animal at age ¢.
Symbols o, B, y and 8 denote parameters of the models.
Parameter o represents the asymptote in all models, param-
eter P relates to the intercept of growth curve and
y-axis, parameter y relates to growth rate and parameter § in
four-parameter models influences the position of inflexion
point. More details about presented models can be found
in KniZe (1987), Fitzhugh (1976), Ratkowsky (1983).

Models (1) to (5) are nonlinear regression models. Their
properties can be studied only in combination with the
data for which the model is to be used. The properties of
the models are documented in this paper on individual
data sets of 8 bulls selected from a group of 101 breeding
bulls of the Czech Pied cattle (the animals with the maxi-
mum number of weighings in the whole group were se-
lected, the live weight in the selected group was recorded
approx. till the age of 4 years).

The least squares estimates of the model parameters
were computed by SPSS 8.01 using modified Levenberg-
Marquardt iteration method. The estimation of vector &
of the model parameters
where: 8=(a, 8,y) or

9=(a,B,7,9)
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is based on finding the minimum of the function:
5®) =X -/, 9)’
i

The residual sum of squares S = S( B) for the estimate &
is often used as a criterion of the goodness of fit of a
model to the empirical data. Nevertheless, due to an un-
equal number of observations for individual animals and
also partly due to the unequal number of parameters of
models (1) to (5) the residual variance s? was preferred as
a criterion of the goodness of fit,

s
n-p

st =

where: n = denotes the number of observations
p = number of model parameters

Another important aspect of a nonlinear regression
model is the degree of its nonlinearity which determines
the statistical properties of its parameter estimators ob-
tained by the least squares method. Nonlinear regression
models differ in their properties from linear regression
models: when the assumption of independent and identi-
cally distributed normal random errors is made, least
squares estimators of linear model parameters are gener-
ally unbiased, normally distributed and have minimum
variance while in the case of nonlinear models the least-
squares estimators have these properties only asymptot-
ically when the size of a sample becomes very large
(Ratkowsky, 1983). Thus, the estimators are generally bi-
ased and their properties are not known (in the case of a
finite sample). The extent to which a nonlinear model dif-
fers from a linear one (bias, degree of nonnormality, in-
crease of estimators’ variability) can vary greatly for
different nonlinear models; thus it is not possible to give
a general recommendation as to how large the sample size
must be so that the properties of a model are close to its
asymptotic behaviour. Moreover, it is always necessary
to analyse properties of such a model together with par-
ticular data because even the properties of the same mod-
el can differ for different data sets (due to the different
curvature of the solution locus at different points). Simu-
lation studies have proved that the magnitude of an esti-
mator bias and increase ot the estimator variability are
related to the degree of “nonlinearity” of its distribution.
Thus it is generally recommended to prefer close-to-lin-
ear nonlinear models (Ratkowsky, 1983). Besides the
above-mentioned advantages (close-to-asymptotic be-
haviour), predicted response values y will have only a
small bias and also computational complexity and prob-
lem of the initial estimates of the parameter vector will
decrease.

The degree of “nonlinearity” for a particular model/
data combination can be measured theoretically. One such
measure, based on the geometric notion of surface cur-
vature, was proposed by Bates and Watts (1980). These
authors showed that the nonlinearity of a model/data
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combination could be split into two parts. The first part
is so called intrinsic nonlinearity, the second one is called
parameter-effects nonlinearity (for a mathematically pre-
cise definition of these notions see Zvara, 1989 or Rat-
kowsky, 1983). Intrinsic nonlinearity has an impact on the
extent of bias of y predictions while high parameter-ef-
fects nonlinearity may negatively influence the conver-
gence to the least-square estimates of model parameters.
Parameter-effects nonlinearity may sometimes be de-
creased by suitable reparametrization of a model while
intrinsic nonlinearity does not depend on parametriza-
tion (Zvéra, 1989). It is generally recommended to use

models with low both intrinsic and parameter-effects non-
linearity. For models with acceptably low intrinsic non-
linearity Ratkowsky recommends to seek models with
low parameter-effect nonlinearity using reparametriza-
tion of a model.

RESULTS AND DISCUSSION

The main criterion that was used for comparing the fit
of the considered growth models to the data on Czech
Pied bulls was residual variance. The values of residual

Table 1. Residual sum of squares (S), residual variance (s2) and number of observations (r) for individual growth curves in models (1) to (5)

Model Logistic Gompertz Richards L?:E;mcr_ Weibull
Bull n S s? .S 2 s s s s S 52
1 28 50 669 2 026.8 26 432 10573 26 433 11014 10 800 450.0 11 739 489.1
2 26 44 087 1916.8 22108 961.2 22109 1005.0 8 338 379.0 8 489 3859
3 32 35 748 12327 19 945 687.8 19 946 712.4 11 126 397.4 11 533 4119
4 32 36 357 12537 15 241 525.6 15 242 544.4 6 934 247.7 6 711 239.7
5 32 38 262 13194 17 806 614.0 17 807 636.0 5 495 196.2 5829 208.2
6 26 34 249 1 489.1 18 340 797.4 18 341 833.7 7 206 327.5 7 236 3289
7 25 46 800 21273 31 268 14213 31 268 1 489.0 8 067 384.1 8 098 385.6
8 27 47 389 19745 25 648 1 068.7 25649 11152 12 484 542.8 14 689 638.7
Table 2. Parameter cstimates and their asymptotic standard errors of threc parameters growth models
Parameter o Parameter B Parameter y

Bull estimate ASE* estimate ASE* estimate ASE*
Logistic model

1 867.78 29.57 1.956 0.115 0.0042 0.0004

2 972.28 27.29 1.953 0.105 0.0043 0.0003

3 864.71 25.42 1.925 0.087 0.0042 0.0003

4 1059.88 23.39 1.999 0.072 0.0041 0.0002

5 935.76 22.83 1.888 0.082 0.0041 0.0003

6 958.55 27.90 1.916 0.091 0.0037 0.0003

7 903.73 50.57 1.614 0.098 0.0032 0.0004

8 866.11 23.76 1.895 0.127 0.0047 0.0004
Gompertz model

1 923.98 30.67 0.926 0.047 0.0027 0.0002

2 1023.31 27.11 0.931 0.043 0.0028 0.0002

3 956.73 28.34 0.913 0.040 0.0027 0.0002

4 1142.03 23.35 0.937 0.026 0.0025 0.0001

5 999.00 23.06 0.889 0.032 0.0026 0.0001

6 1016.96 29.81 0.910 0.039 0.0024 0.0002

7 966.45 59.90 0.736 0.045 0.0021 0.0003

8 902.26 22.94 0.927 0.056 0.0031 0.0002

*asymptotic standard error
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Table 3. Parameter and their asymp

dard errors of four parameters growth models

Parameter ot Parameter B Parameter y Parameter &

Bull cstimate ASE* estimate ASE* estimate ASE* estimate ASE*
Richards model

1 923.97 40.27 -8.58 1 742.03 0.0027 0.00041 0.00007 0.12953
2 1 023.30 27.72 -8.62 949.82 0.0027 0.00023 0.00007 0.06773
3 926.72 30.73 -8.54 1 155.10 0.0027 0.00022 0.00008 0.09032
4 1 142.02 37.66 -8.58 735.20 0.0025 0.00020 0.00007 0.05433
5 999.00 24,13 -8.69 849.29 0.0026 0.00018 0.00007 0.05848
6 1 016.95 35.75 -8.70 963.17 0.0024 0.00022 0.00007 0.06442
7 966.45 61.33 -9.37 1 394.42 0.0021 0.00027 0.00004 0.05693
8 902.26 24.00 -8.65 1 22231 0.0031 0.00026 0.00007 0.08444
M-M-F model

1 1 551.00 261.69 19.76 22.49 2 835.89 2 002.42 1.14 0.14

2 1 688.60 262.00 1.21 30.47 2 052.92 1 498.93 1.11 0.15

3 1 495.30 230.32 29.83 22.49 3 875.67 2 819.48 1.20 0.14

4 1.782.19 155.36 49.32 13.85 6 088.98 2 679.78 1.263 0.09

5 1 672.59 172.62 26.41 16.37 2 582.20 1 146.G0 1.13 0.09

6 1 855.20 383.93 -8.40 36.36 1 760.58 1351.72 1.04 0.16

7 438.107 449,101 —40.79 42.06 340.108 348.10'2 0.59 0.12

8 1 184.65 97.11 22.88 25.83 5 587.51 4 649.17 1.35 0.15

Weibull model

1 1 236.49 194.20 1 231.51 212.39 0.0010 0.00058 0.99 0.12

2 1 287.62 145.50 1 301.62 169.81 0.0012 0.00070 0.98 0.11

3 1 13845 135.47 1118.39 152.40 0.0007 0.00039 1.08 0.11

4 1 33045 75.56 1 287.70 84.59 0.0004 0.00013 1.16 0.06

5 1267.18 101.21 1 252,36 113.78 0.0010 0.00035 1.01 0.07

6 1 358.14 205.09 1378.93 233.97 0.0013 0.00078 0.95 0.12

7 5 2995.34 2 440 088.00 53 034.78 2 440 158.00 0.0002 0.01082 0.60 0.24

8 1 005.94 66.70 1 004.07 88.23 0.0008 0.00056 1.09 0.11

*asymptotic standard error

variance s* for growth models (1) to (5) are for the sample
data presented in Table 1. When evaluating these results
the precision of the model parameter estimates (character-
ised by asymptotic standard error) was also taken into
account, namely estimates of parameter o, which is usual-
ly interpreted as the final weight of an animal. Parameter
estimates and their asymptotic standard errors are pre-
sented in Table 2 (models with three parameters) and Ta-
ble 3 (models with four parameters). Visual inspection of
the model growth curve also provided additional informa-
tion (Figures 1-5).

As argued above, the measures of nonlinearity of a
model/data combination represent useful information
which could complement the residual variance criterion
for selecting the best nonlinear model. These measures
for the considered growth data are presented in Tables 4
and 5. Nonlinearity is usually classified as high if the max-
imum of the corresponding measure exceeds
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(Foss (o, n—p))™*

where: n = the size of data sample
p = the number of model parameters (Zvéra, 1989, p. 230).

Several parametrizations of models (1) to (5) were con-
sidered, the results for models (1), (3) to (5) and two differ-
ent parametrizations of Gompertz model (2) are presented.

Parametrization 1 y=o.exp (—exp(B—1t))
Parametrization 2 y=a.exp (- exp(-yt))

As expected, the comparison of three-parameter mod-
els (1) and (2) leads to a conclusion that Gompertz model
is more suitable for the considered data than the logistic
one. Residual variances of Gompertz model are approx.
one half in most cases when compared to those of the
logistic model.

Both models overestimate the live weight of an animal
in the first period of life and underestimate it slightly in
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Figure 1. Logistic model

Figure 2. Gompertz model

Figure 3. Richards model
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Figure 4. Morgan-Mercer-Flodin model Figure 5. Weibull type model

the last period, the differences are more distinct for the
logistic model. The intrinsic nonlinearity (Table 4) is low
for both models, this implies good estimates of live weight
and residual sum of squares (low bias of estimates). Pa-
rameter-effects nonlinearity for both models is on the edge
of acceptability, parametrization 2 of Gompertz model is
slightly better than parametrization 1.

Analysis of the four-parameter models shows that Ri-
chards model performs very poorly for the bull data, its
residual variances are comparable with those of Gompertz
model in spite of the fact that the model has more param-
eters. Richards model has highly correlated (» > 0.98)
estimates of parameters 3 and & (as reported also by oth-
ers, see e.g. Fitzhugh, 1976). Very high are also asymptot-
ic standard errors of these parameter estimates, which
indicate a high degree of nonlinearity in these parameters
(Table 3). This is confirmed by high values of nonlinearity
characteristics (Table 5). As the intrinsic nonlinearity of

! It is often assumed that the nonlinear behaviour of a model is rela

the model is very high, it has no sense to seek better pa-
rametrization of the model.

The other two four-parameter models (Morgan-Mer-
cer-Flodin and Weibull models, see (4) and (5)) have sub-
stantially lower residual variances than Richards model
and both three-parameter models and are mutually com-
parable in this respect. Nevertheless, both models sub-
stantially overestimate the value of parameter o, which
represents the final weight (asymptote of the model) and
which is very important for breeders. Moreover, both
growth curves seem to lack elasticity (e.g. they do not
model well the first convex part of growth, Figures 4 and
5). The low elasticity might be caused by high correla-
tions between parameters (» > 0.9) in both cases.! High
asymptotic variability of estimates of some model param-
eters indicates high nonlinearity in those parameters (8
and y in Morgan-Mercer-Flodin model and y in Weibull
model). This is confirmed by nonlinearity characteristics

h

ted to (or is manifested by) high correl model p

This assumption is wrong. High values of correlation cocfficients in asymptotic corrclation matrix do not imply a high degree of
nonlinearity of the model. Neither is the reverse statement true: correlations between parameters in closc-to-linear models are not

necessarily low (Ratkowsky, 1983).
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Table 4. Degree of nonlinearity of three parameters growth models

Model Logistic

average curvature

maximum curvature

G

tz-parametr i

1

average curvature

mamaximum curvature

Gompertz-parametrization 2

average curvature

maximum curvature

Bull (Foos (p.n-p))"\2 p:;;::“ intrinsic p:f;: :::tcr intrinsic p:l;:;l:;cr intrinsic p:;;:e'stcr intrinsic p:;::::er intrinsic P :;;::er intrinsic
1 0.5783 0.2913 0.0604 0.6408 0.1334 0.3346 0.0347 0.7408 0.0749 0.3284 0.0347 0.7192 0.0749
2 0.5751 0.2579 0.0543 0.5682 0.1207 0.2802 0.0305 0.6207 0.0669 0.2761 0.0305 0.5983 0.0669
3 0.4892 0.2685 0.0364 0.5922 0.0785 0.3488 0.0234 0.7747 0.0495 0.3388 0.0234 0.7559 0.0495
4 0.4892 0.2022 0.0342 0.4457 0.0744 0.2265 0.0180 0.5028 0.0380 0.2210 0.0180 0.4897 0.0380
5 0.4892 0.2278 0.0393 0.5020 0.0861 0.2587 0.0220 0.5740 0.0473 0.2523 0.0220 0.5583 0.0473
6 0.5751 0.2834 0.0447 0.6267 0.0987 0.3414 0.0271 0.7587 0.0597 0.3332 0.0271 0.7375 0.0597
7 0.5390 0.5977 0.0604 1.3283 0.1351 0.8015 0.0417 1.7851 0.0940 0.7917 0.0417 1.7792 0.0940
8 0.5764 0.2267 0.0589 0.4951 0.1296 0.2441 0.0356 0.5370 0.0751 0.2458 0.0356 0.5046 0.0751
Table 5. Degree of nonlinearity of four parameters growth models

Model Richards Morgan-Mercer-Flodin Weibull

average curvature

maximum curvature

average curvature

maximum curvature

average curvature

maximum curvature

Bull (Foo5 (p.n-p))'12 p:;;::;ﬂ intrinsic p:t;:: ::n':tcr intrinsic p:l;:::::;cr intrinsic p:lt'%:gcr intrinsic p:l;:::ster intrinsic p:;:;:]zzcr intrinsic
1 0.5783 1.2x10° 9 941 3.4x10° 28 119 20.95 0.0411 59.94 0.1067 21.02 0.0441 58.63  0.1257
2 0.5751 1.0x10? 6 708 2.9x10° 18 194 27.34 0.0501 77.96 0.1302 23.09 0.0348 64.83  0.0985
3 0.4892 1.5x10° 10 253 4.2x10° 29 000 26.77 0.0441 76.43 0.1219 24.10 0.0453 67.56  0.1295
4 0.4892 0.9x10° 6 566 2.5x10° 18 573 14.10 0.0260 40.23 0.0692 11.28 0.0247 31.65  0.0695
5 0.4892 0.9x10° 6 673 2.7x10° 18 876 15.34 0.0264 43.87 0.0705 14.37 0.0275 40.23  0.0782
6 0.5751 1.3x10° 8 517 3.7x10° 24 090 34.17 0.0307 97.70 0.0783 31.84 0.0325 89.27  0.0927
7 0.5390 4.1x10° 17 881 1.2x10° 50 575 124.23 0.0500 358.95 0.1294 389 932.93 0.3090 1 102 892.6 0.8701
8 0.5764 0.9x10° 7174 2.6x10° 20 293 24.15 0.0521 68.47 0.1428 18.50 0.0525 52.12  0.1472

Jadvg (purdriQ
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(Table 5). Intrinsic nonlinearity of both models is low but
the parameters-effect nonlinearity is high.

All growth curves constructed in this paper are individ-
ual growth curves (no averages were considered) and the
results document that even a slight change in individual
data can cause big changes in the properties of the con-
sidered model due to different curvature of the solution
locus at the corresponding points (see e.g. bull No. 7. in
Tables 3, 4 and 5). Thus Figures 1-5 represent an individ-
ual growth curve (bull No. 2.) and therefore it should be
noted that the growth curves of other bulls did not show
any substantial differences in shape from those present-
ed here.
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Effect of enzyme lysis on the digestibility of brewer’s yeasts
included in the diets of chicken broilers

Vliv enzymatické lyze na stravitelnost pivovarskych kvasnic zafazenych
do krmnych dévek pro kufeci brojlery

K. PavLova, D. GRIGOROVA

Institute of Microbiology, Bulgarian Academy of Science, Plovdiv, Bulgaria

ABSTRACT: Digestibilities both in vitro and in vivo of intact and enzyme treated brewercs yeasts were studied. The enzyme
disruption of yeast cell walls was carried out with lytic enzyme complex produced by Streptomyces roseolus 274. It was
established that with 20U enzyme complex/g yeasts at pH 5.0, 45°C for 3 h increase digestibility in vitro to 87.7%, which was
1.8-2.0 time higher than that of whole yeast cells. Investigations of digestibility in vivo were carried out with three groups of
chicken broilers: the first group, chickens fed with basic diet; the second group were chickens fed with a diet in which 20% of
soybean protein in basic diet was replaced with 5% intact yeasts; the third group in which 20% of soybean protein was replaced
with 5% enzyme treated yeasts. The highest weight gain and best feed consumption were recorded with the third group of
chickens, confirming that 5% enzyme treated brewercs yeasts successfully replaced 20% of soybean protein in the basic diet.

Keywords: enzyme lysis; brewer’s yeasts; chicken broilers; digestibility in vitro and in vivo; performance

ABSTRAKT: V pokusech in vitro a in vivo jsme sledovali stravitelnost pivovarskych kvasnic v piivodnim stavu a upravenych
pomoci enzymatické lyze. K enzymatickému Sté€peni bun&nych sté€n kvasnic jsme pouZili lyticky enzymaticky komplex, kte-
ry produkuje bakterie Streptomyces roseolus 274. Zjistili jsme, Ze s pouZitim 20 U enzymatického komplexu na 1 g kvasnic pfi
pH 5,0 a teploté 45 °C po dobu tfi hodin bylo dosaZeno 87,7% stravitelnosti in vitro, coZ bylo o 1,8 aZ 2,0 % vice neZ pfi
pouZiti kvasnic v plivodnim stavu. Setfeni stravitelnosti in vivo jsme provadéli ve tfech skupinich kufecich brojlerii: prvni
skupina kufat dostdvala zdkladni smé&s; druhé skupina kufat dostivala smés, kde jsme 20 % séjovych bilkovin ze zékladni
smési nahradili 5 % kvasnic v pivodnim stavu; ve tfeti skupiné bylo 20 % sdjovych bilkovin nahrazeno 5 % enzymaticky
$tépenych bilkovin. Nejvys§i hmotnostni pfiristek a nejniZ§i spotfeba krmiv byla dosaZena ve tfeti skupin& kufat, kde 5%
obsah enzymaticky Stépenych pivovarskych kvasnic ispéiné nahradil 20 % séjovych bilkovin v zdkladni smési.

Klitovi slova: enzymatické lyze; pivovarské kvasnice; kufeci brojlefi; stravitelnost in vitro a in vivo; uZitkovost

INTRODUCTION

Yeasts are known to have a relatively high nutritive
value and can be used as a source of protein in animal
fodder. However, the effective utilisation of the yeast com-
ponents and particularly the protein has not been possi-
ble because of the rigid yeast cell walls, which make the
yeasts to be relatively indigestible and nonassimilable.
The specific ability of yeast lytic enzymes to break down
the bands in the structural components of the wall result-
ing in increased permeability and improved access for di-
gestive enzymes towards intracellular content. Kobayashi
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et al. (1982) reported that preliminary destruction of yeast
cell walls increases their digestibility.

The high protein content of yeasts allows a part of plant
protein to be replaced with microbial protein in the diets
of different animals. The supplementation of diets with
yeasts could be in amounts 1.5-10% without negative
effect on feed conversion, weight gain and health status.
Consequently, investigations have been carried out with
fodder yeasts grown on different substrates-plant hy-
drolysates, molasses, sulfite liquor, cheese whey (Savage
and Mirosh, 1990a, b; Surdjiiska et al., 1983).
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The incorporation of yeasts mannan-oligosaccharides
(Bio-Mos) into the diets of chicken broilers (Hutton and
Mehrle, 1993; Kumprecht and Zobag, 1997, 1999), turkeys
(Cragoe, 1994; Olsen, 1996; Savage et al., 1996) layer breed-
ers (Savage and Mirosh, 1990a, b) leads to improvements
in performance such as the average daily gain, feed con-
sumption and immune status (Spring, 1996).

We did not find any information about application of
brewercs yeast as a supplement into the animal diets. The
present article reports the results of the effect of lytic
enzyme system from Streptomyces roseolus 274 on the
digestibility in vitro of waste brewer’s yeasts. Data about
the biological effect of their inclusion into diets of chick-
en broilers are also reported.

MATERIAL AND METHODS
Yeast biomass

Waste brewer’s yeasts were taken from the plant “Ka-
menitza” — Plovdiv, Bulgaria.

Enzyme

Yeast lytic enzyme complex was produced by Strepto-
myces roseolus 274 (Pavlova, 1980). The procedure for its
production and preparation was described previously (Pav-
lova et al., 1994). The activity of the crude enzyme com-
plex was expressed as [-1,3 glucanase activity using
laminarin as substrate. The reducing sugars were deter-
mined according to the method of Somogyi (1952). One
unit (U) of the 3-1,3 glucanase activity was defined as the
amount of the enzyme able to liberate 1 pmol of reducing
sugars (calculated on the basis of glucose) of this sub-
strate at 45°C for 30 min in 0.2M acetate buffer pH 5.0. An
enzyme concentration 75 U/cm was used in the experi-
ments.

Cell lysis

Yeast biomass was washed twice in water, suspended
in water (5 g/100 ml) and then was treated with various

Table 1. Chemical composition of ycasts

Intact brewer’s  Enzyme treated

Tpdox(%) yeasts brewer’s ycasts
Moisture 4.94 5.30
Protcin 44.35 44.98
Lipids 1.31 2.30

Fiber 1.54 -
Non-nitrogen substances 46.35 42.43

Ash 6.45 10.29

lytic enzyme concentrations (10.0-30.0 U/g yeast) at pH
values 5.0 and 7.0, temperature 45°C for 1, 3 and 6 h.

In vitro estimation

Determination of the digestibility on enzyme treated
yeasts was performed according to the procedure de-
scribed by Hotyanovich et al. (1972).

In vivo experiments

Brewer’s yeasts were suspended in water (5 g/ 100 ml),
treated with lytic enzyme system (20 U/g yeast), at pH 5.0
incubated at 45°C for 3 h and then were dried. After deter-
mination of the chemical composition of intact and en-
zyme treated yeasts (Table 1), they were included into the
basic diet of chicken broilers (Table 2). Experiments were
carried out with 90 chickens divided into three groups:
group I - chickens were fed with the basic diet; group II -
chickens were fed with feed in which 20% of soybean
protein was replaced with 5% intact brewer’s yeast; group

Table 2. Composition of the basic dict

Component %
Yellow corn 59.332
Soybean mcal 36.400
Calcium phosphate 2.000
Calcium carbonate 1.00
Salts 0.340
Mcthionine 0.060
Vitamin premix* 0.600
Microclement mixturc** 0.200
Onc kilogram of the dicts containced:
Metabolizablc encrgy (MJ/kg) 13.0
Crudc protein (g) 2112
Crudc filaments (g) 36.7
Lysin (g) 12.1
Mecthionine + Cystine (g) 7.9
Calcium (g) 9.5
Phosphorus (g) 7.5

*Onc kilogram of the vitamin premix contained: vitamin A 600 000
L.U., vitamin D, 120 00 LU, vitamin E 26 L.U., vitamin B1 100 mg,
vitamin B2 600 mg, vitamin B6 200 mg, panthotenic acid 900 mg,
nicotinic acid 1 400 mg, cholinc chloride 300 000 mg, folic acid 10 mg
**Onc kilogram of the microclement mixture containcd: mangancse
12 000 mg, iron 20 000 mg, copper 200 mg, iodinc 100 mg, cobalt
10 mg and Zinc 8 000 mg

Notc: The content of crude protein in the combined dicts for the
three groups is group I — 20.59%, group II — 20.60%, group III —
20.55%
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IIT - chickens were fed with a diet in which 20% of soy-
bean protein was replaced with 5% enzyme treated brew-
er’s yeasts.

During investigations, the live weight and feed con-
sumption in kg per 1 kg weight gaiu on 14th and 28th day
were determined.

Protein balance was determined by calculation of pro-
tein retention as follows:

protein in dict — retained protein )

protein retention (%) = (1- 100

protein in dict
The chemical composition of chicken carcass was de-
termined using conventional methods.

RESULTS AND DISCUSSION

The digestibility in vitro on both intact yeasts and
yeasts treated with increased concentrations of lytic en-
zyme complex at pH 5.0 (optimum for B-glucanase activi-
ty) under different lysis duration is presented in Table 3.
During the first hour of enzyme treatment with 20 U/g
yeasts the cell walls began to disrupt which resulted in
higher digestibility in vitro by 32.2% in comparison with
that of the intact yeasts. The digestibility of yeasts was

increased by 38.9% after 3 h enzyme treatment while lysis
duration to 6 h had only marginal effect.

The protease included in the lytic enzyme complex also
took part in the degradation of yeast cell walls. The en-
zyme treatment of the yeast cells was carried out at opti-
mal pH 7.0 (Table 3). By this treatment at pH 7.0 the
digestibility in vitro on yeast cells was increased by
29.0%, but it was lower in comparison with that of the
cells treated at pH 5.0. Therefore, pH 5.0 was more suit-
able for the enzyme treatment of the waste brewer’s yeasts.
At optimal pH 5.0 value for 3-glucanase, a higher degree
of disruption of the structural glucan was achieved, im-
proving access of pepsin to cellular proteins. This result
confirmed the opinion of other authors for the first — rate
role of B-1,3-glucanase in disruption of yeast cell walls
(Andrews and Asenjo, 1987, Bielecki and Calas, 1991a,
b). The destruction of brewer’s yeasts with lytic enzyme
system from Streptomycen roseolus 274 was a suitable
biochemical method for the increasing of the digestibility
in vitro.

The positive results for digestibility in vitro of the en-
zyme treated brewer’s yeasts were a precondition to be
carried out investigations in vivo with chicken broilers.
Both intact and enzyme treated yeast cells were added
into the basic corn-soybean diet in conformity with the
protein content. The biological effect depending on the

Table 3. Digestibility in vitro (%) of brewer’s yeasts after enzyme lysis at pH 5.0 and 7.0

pH 5.0 pH 7.0

Concentration of enzyme duration of enzyme lysis (h)

complex (U/g) yeasts 1 3 6 1 3 5
Control 47.80 47.80 48.90 52.20 53.10 53.10
10.0 70.30 73.00 77.10 59.40 66.60 68.20
15.0 73.10 84.20 87.20 73.60 79.60 80.30
20.0 80.00 86.70 87.70 74.90 81.20 82.60
25.0 79.50 81.20 83.30 73.40 81.00 80.60
30.0 79.30 78.40 81.00 72.10 80.40 79.30
Table 4. Changes in the live weight of the chickens

Live weight of the chickens
Group Number on 14th day on 28th day
g % g %

I 30 239 100.00* 616 100.00*

11 30 219 91.63% 570 92.53%

111 30 240 100.42¢ 619 100.49¢
a,b,c=P<005

Legend: group I — control, group II — intact ycasts, group Il — enzyme treated yeasts
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kind of the protein source, included in the diets, was ex-
pressed by live weight gain of the chickens and feed con-
sumption for definite period of time. The changes in the
live weights of the chickens fed with the basic diet and
the diets in which a part of the plant protein was replaced
with protein of intact or enzyme treated yeast are shown
in Table 4. There were no remarkable differences in the
changes in the live weights of the chickens fed with the
basic diet (group I) and those received enzyme treated
yeasts (group III) on 14th and 28th day. Chickens, fed
with diet containing intact yeast cells had about 8.5% and
7.6% lower live weight in comparison with the control
group and the third group on 14th and 28th day respec-
tively. The differences were statistically significant at
P<0.05.

The established increased digestibility in vitro of en-
zyme treated yeasts was confirmed by the tests in vivo.
The higher live weights of the chickens was in conjunc-
tion with more complete utilisation of the nutritive com-
ponents of enzyme treated yeasts. The difference in live
weight between the third group and the control group on

14th day was established at P < 0.05. This tendency was
maintained on 28th day. The chickens receiving intact
yeasts (group II) consumed more feed per kg live weight
than those fed with enzyme treated yeast cells (Table 5).
The reason for lower weight gain was incomplete utilisa-
tion of the nutritive components of the whole yeast cells.

The chemical composition of chicken carcass (average
of six carcases) showed that there were no differences in
mean of the indexes between the control and tested groups,
which indicated that the biotransformation of the feed
diets was similar (Table 6).

The data for protein balance (Table 7) had the same
tendency as the changes in live weight. The chicken fed
with the diet of intact yeast cells had lower protein reten-
tion in comparison with the control group and chicken
fed with the diet in which enzyme treated yeasts were
added. In both cases, the existence of differences was
established at P <0.05.

In conclusion the lytic enzyme system from Streptomy-
ces roseolus 274 had positive effect on the digestibility in
vitro of brewer’s yeasts which was increased by 1.8-2.0

Table S. Feed consumption in kg per kg of weight gain in relation to the protein source

Feed consumption in kg/kg weight gain

Group Number between Ist and 14th day between 14th and 28th day
kg % kg %

1 30 1.57 100.00 2.14 100.00

11 30 1.52 96.82 2.22 103.64

111 30 1.44 91.72 2.14 99.95

P <0.05

The legend see Table 4

Table 6. Chemical p of the

Group Moisture (%) Protein (%) Lipids (%) Ash (%)

1 68.32 + 0.84 18.50 + 0.57 10.02 + 1.13 321021

11 68.72 + 1.88 18.41 £ 0.98 8.92 + 1.82 2.95 £0.22

I 68.23 + 0.81 18.63 £ 0.73 8.73 + 0.86 2.99 +£0.28

P < 0.05

The legend see Table 4

Table 7. Protein balance

Group Absorbed protein (g) Retained protein (g) Protein retention (%)
I 254.63 + 11.74 106.90 + 3.28° 41.98 +1.29
11 24299 + 17.23 97.97 % 5.22% 40.31 + 2.15
111 255.10 = 11.23 108.20 + 4.22° 42.43 + 1.65

a, b, c=P<0.05
The legend see Table 4
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times in comparison with the digestibility in vitro of the
intact cells. The investigations in vivo carried out with
chicken broilers showed that 5% enzyme treated yeasts
could successfully replace 20% of the soybean protein in
the basic corn-soybean diet.
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Literatura by méla sestavat hlavné z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autori. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydani.
Do seznamu literatury se zafadi jen prace citované v textu.
Na zvladtnim list¢ uvadi autor plné jméno (i spoluautort),
akademické, védecké a pedagogické tituly a podrobnou adre-
su pracovisté s PSC, &islo telefonu a faxu, e-mail.

Rukopis nebude redakci pfijat k evidenci, nebude-li po for-
malni strance odpovidat témto pokynim.

Podrobné pokyny pro autory jsou uvefejnény v &isle 1 tohoto
roéniku.
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