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Effects of rapeseed meal and nitrates on thyroid functions in sheep

Vliv extrahovaného fepkového Srotu a dusi¢nani na funkci stitné zlazy u ovei

J. TRAVNiCEK!, V. KrourovAl, J. Kursal, J. ILLEk?, R. THER!

. University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic
2Ruminant Disease Clinic, Faculty of Veterinary Medicine, Veterinary and Pharmaceutical University, Brno,
Czech Republic

ABSTRACT: Antigoitrogenic effects of increased intake of iodine (250 pg per animal/day) and selenium (150 pg per
animal/day) were monitored for 350 days in 24 sheep of the Sumavsk4 breed receiving 4.2 mmol of glucosinolates (GLS)
and 4 g of nitrates per animal/day (Tab. 1). The sheep receiving GLS and nitrates without iodine and selenium supple-
mentation developed enlargement of the thyroid gland, low iodine concentration in blood plasma (39.1 pg/l), milk
(27 pg/l) and urine (45.1 pg/l), low T, level (60.7 nmol/l), high T; level (Tab. 3) and a narrow T; : T, ratio. Neonatal
goitre was diagnosed in lambs born to such ewes. Critical periods for the development of hypothyroidism were the
breeding period, pregnancy, and lactation. Todine supplementation had favourable effects (higher blood plasma concen-
trations of iodine and T, normal size of the thyroid gland) in sheep challenged with GLS and nitrates. Selenium concen-
trations in blood plasma of ewes unsupplemented and supplemented with this mineral reached 23 to 72 pg/l and 200 pg/l,
respectively (Tab. 3, Fig. 2). A decrease in the blood plasma concentration of selenium after discontinuing selenium sup-
plementation (264th day of experiment) in the sheep challenged with GLS and nitrates resulted in a transient increase of
T, concentration in blood plasma. Hypoproteinaemia and hypercholesterolaemia were observed in the last seven weeks of
pregnancy and during lactation in ewes receiving no iodine and selenium supplements (Tabs. 6 and 10). No effects of the
goitrogens on other haematological indices (urea in blood plasma, haemoglobin, leukocyte count) were observed (Tabs.
7,8 and 9).

Keywords: sheep; rapeseed meal; nitrates; thyroid gland; iodine; selenium; blood parameters; urine; milk

ABSTRAKT: U &tyf Sestiélennych skupin bahnic plemene Sumavské ovce (tfi pokusnych a jedné kontrolni) dlouhodob&
zétizenych glukosinolaty a dusi¢nany byl v pribé&hu 350 dnd sledovan antistrumigenni uinek zvySenych divek jodu
a selenu. Bahnice pokusnych skupin GIS, GI a G pfijimaly denn& v krmné smési 4,2 mmol glukosinolath (GLS), které
byly souésti fepkového extrahovaného Srotu, a 4 g dusi¢nani v podob& NaNO;. Bahnicim skupiny GIS byl v tydennich
intervalech s.c. aplikovanan jod (KI) a selen (Na;SeO,) v mnozstvi, které odpovidd dennimu pfijmu 250 pg I a 150 pg Se
na bahnici, bahnicim skupiny GI pouze jod v davce odpovidajici 250 pg I na kus. Bahnice kontrolni skupiny IS (n = 6)
nebyly zatiZeny strumigeny a jejich denni dotace jodu a selenu odpovidala 250 pg I'a 150 pg Se na kus (schéma pokusu
tab. 1). Jod v moéi, mléku a v krevni plazmé byl stanoven po alkalické digesci spektrofotometricky (Bednéf et al., 1964),
T, a T, radioimunologicky, selen atomovou absorpci. Bahnice zatizené glukosinolaty a dusiénany bez doplitku jodu (G)
vykazovaly za celou dobu experimentu nejniz$i primérny obsah jodu v krevni plazmé (tab. 3): skupina G 39,1 £ 5,5 pg /1,
skupiny GIS, GI a IS 46,3 aZ 52,0 pg/l (P < 0,01). Nejvétsi pokles byl v obdobi zapousténi, v prvni poloviné gravidity a v po-
Catku laktace (obr. 1). Vyraznéjsi rozdily (tab. 3) byly v obsahu jodu v moéi: skupina G 45,1 + 28,8 pg/l, skupina GIS
88,8 + 42,8, skupina GI 80,1 + 27,7, skupina IS 107,4 + 54,5 pg/l (P < 0,01) a v mléku: skupina G 27,0 + 15, skupiny
GIS a GI 70 az 101 pg/l a skupina IS 198,0 = 8 pg/l (P < 0,01). Vy33i koncentrace jodu v plazmé& skupin GIS, GI a IS
(tab. 3) byla provézena vy33i hladinou T, (78,1 aZ 89,2 nmol/l). NiZ§i koncentrace T,(60,7 = 14,5 nmol/l) a vy%3i koncen-
trace T; (3,3 = 0,7 nmol/l) u skupiny G v porovnéni s ostatnimi skupinami (P < 0,01) jsou projevem hypotyre6zy v sou-
vislosti se sekundarni jodopenii. Vedle téchto projevii byla u bahnic zji§téna zvétSena 3titna %14za a u narozenych jehiat

Supported by Grant Agency of the Czech Republic (Grant No. 524/97/0654) and Ministry of Agriculture of the Czech Republic (Grant NAZV
No. EP 9269/99) and by Ministry of Education of the Czech Republic (Grant CEZ No. J 06/122200002).
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neonatélni struma. Dynamika jodu (obr. 1) a hormoni 3titné ?14zy (tab. 4 a 5) véetné ziZeného poméru T, : T, dokumen-
tuji zvySené riziko hypotyredzy v priib&hu zapousténi, gravidity, porodu a laktace. Vys§i koncentrace jodu a T, u bahnic
skupin GIS a GI (tab. 3) dokazuji pozitivni uplatnéni doplitku jodu pfi kompenzaci antityreoiddIniho efektu soub&zng
piisobicich glukosinolatl a dusiénani. Koncentrace selenu se v krvi bahnic, které byly bez jeho pravidelné dotace, pohy-
bovala v rozmezi 23 aZ 72 pg/l, u bahnic s jeho doplitkem pfekro€ila 200 ug/l (tab. 3, obr. 2). Ukonéeni aplikace selenu
(264. den pokusu) provazel pokles jeho koncentrace v krvi a u bahnic zatiZenych glukosinoléty a dusiénany (skupina
GIS) pfechodné zvygeni T, v plazm&. V posledni tfetiné gravidity a v priib&hu laktace byl u bahnic zatiZzenych strumigeny
bez suplementace I a Se (skupina G) zaznamenédn pokles proteinemie a vzestup cholesterolemie (tab. 6 a 10). Ostatni
krevni parametry (mo&ovina v plazmé, hemoglobin, po&ty leukocytl) nebyly zvolenou formou strumigenni zatéZe jedno-

znaéné ovlivnény (tab. 7, 8 a 9).

Klitov4 slova: ovce; fepkovy extrahovany $rot; dusi¢nany; Stitna Zl4za; jod; selen; krevni parametry; mo¢; mléko

INTRODUCTION

The current intensification of agricultural production
increases the significance of goitrogenic activity of
glucosinolates and nitrates. Glucosinolates (GLS) are
present above all in plants of the mustard family (Brassi-
caceae), in particular in their seeds (Maas, 1987). Cab-
bage and rape are topical sources of GLS for farm animals.
So far 120 GLS have been identified in rape. Enzymatic
hydrolysis or chemical degradation converts them into
goitrogenic isothiocyanates (Herzig et al., 1999a). Thus,
the enzyme myrosinase converts progoitrine present in
rape into the strongly goitrogenic goitrine which inhibits
the transport of iodine in the thyroid gland and thereby
the synthesis of thyroxine (Velidek and Hrngifik, 1996;
Schone, 1993). The content of GLS in seeds of the most
widely cultured double zero (”00”) varieties of rape
ranges from 8 to 32 mmol/g (Pajtas, 1999) and can reach
up to 100 mmol/g in single zero (*0”) varieties (Herzig
et al., 1999a).

Rapeseed meal (RM) is recommended as a protein-
rich component of concentrates for dairy cows. Its pro-
portion can amount to 25% (Pajtas, 1999). Comparative
trials with rapeseed cake or RM and soybean meal in-
cluded at 25% into diets for lactating cows did not dem-
onstrate any depressing effects on their performance.
The authors who claim the performance enhancing ef-
fects of rape products recommend to complete such di-
ets with adequate amounts of macroelements, above all
calcium and magnesium, and trace elements, such as cop-
per, manganese, zinc, selenium, molybdenum and above
all iodine.

Although ruminants are believed to be more tolerant
to the toxic effects of GLS due to their ruminal degrada-
tion, several authors pointed out the risk of feeding rape-
seed meal to pregnant females (Rudert and Oliver, 1976)
or calves and lambs (Herzig et al., 1999a), in which the
ruminal detoxification of isothiocyanates is less effective
and the requirements for thyroid hormones are higher.
Besides isothiocyanates, the cumulation of iodine in the
thyroid gland by inhibition of the active transport of io-
dine through membranes of follicular cells is reduced

also by nitrates and other univalent anions (Pandav and
Rao, 1997; Pisafikova et al., 1996). Factors influencing
iodine utilisation include also selenium which, in the
form of selenium-containing enzymes, controls the pro-
duction of thyroid hormones and their final transforma-
tion at the tissue level (Kohrle, 1996) and, as a component
of peroxidases, participates in the elimination of perox-
ides thus compensating their destructive effect on thyreo-
cytes (Corvilain ef al., 1993). The goitrogenic effects of
GLS and nitrates can be compensated by increased in-
take of iodine (Schone et al., 1991; Travniéek et al.,
1999).

Increased intake of GLS or nitrates is known to result
in enlargement of the thyroid gland and changes in its
microscopic structure. Information on their effects on
thyroid hormones is less frequent and sometimes contra-
dictory (Barry et al., 1983; Schone, 1993; Rao and
Lakshmy, 1995; Herzig et al., 1999a).

In addition to their direct effect on the thyroid gland
and its activity, GLS and nitrates can influence directly
or via changes in thyroid hormone levels also other
functions, such as methaemoglobinaemia or they affect
the detoxifying activity of hepatocytes (Duncan and
Milne, 1993). The multiple effects of GLS and nitrates
can be assessed from parameters of proteosynthesis (plas-
matic total protein and urea, haemoglobin), lipid metabo-
lism (cholesterol) and immunocompetence (leukocytes).

The objective of this study was to assess goitrogenic
effects of RM and nitrates including the compensatory
role of iodine and selenium supplementation, and to in-
vestigate the effects of the above factors on thyroid
functions, indirect indicators of proteosynthesis, lipid
metabolism, and leukocyte count.

MATERIAL AND METHODS

Twenty-four ewes of the Sumavsk4 breed were divided
into four groups of six (GIS, GI, G, IS). The groups are
designated according to the intake of goitrogen and
supplementation with iodine or selenium. The design of
the experiment, diet formulation, and data on iodine and
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selenium supplementation are given in Tab. 1. Composi-
tion of concentrates is given in Tab. 2.

The sheep were housed in groups in a deep-litter barn,
fed twice a day, and had free access to crockery troughs
with potable water supplied from a public source.

mined by gas chromatography after derivatisation to
silyl compounds (Zukalové and Vasék, 1978). The group
IS received the concentrate A in which RM was replaced
by oats meal and urea. The experiment was started by
a 7-day adaptation period when the animals received one

Table 1. Goitrogenic effect of rap d meal and ni in ewes and their progeny — experimental design
Group Initial average Feed ration Goitrogen Supplementation
weight (kg) (animal/day)
GIS n=6 41.0 hay 1.4 kg 4.2 mmol GLS iodine 250 pg as a KI solution once per week s.c.
concentrate B (RM) selenium 150 pg as Selevit once per week s.c.
287 g lick 4 g NaNO,
Gl n=6 43.8 hay 1.4 kg 4.2 mmol GLS iodine 250 pg as a K1 solution once per week s.c.
concentrate B (RM)
287 g lick 4 g NaNO,
G n=6 44.5 hay 1.4 kg 4.2 mmol GLS 0
concentrate B (RM)
287 g lick 4 g NaNO,
IS n=6 433 hay 1.4 kg 0 iodine 250 pg as a KI solution once per week s.c.
concentrate A selenium 150 pg as Selevit once per week s.c.
287 g lick
GLS = glucosinolates
RM = rapeseed meal
Table 2. Composition of concentrates half of the concentrates. Additional sources of iodine
and selenium for the sheep of the groups GIS, GI, and G
Ingredient A (kg) B (kg) were a potassium iodide solution and Selevit inj. ad us.
Calcium carbonate (CaCO,) 4.8000 4.8000 vet. containing anhydrous sodium sele'ni.te as the active
Sodium chloride (NaCl) 1.8000 1.8000 substalnce.t The ls(\lq:m.letmentls \a!/er::1 administered sgpcut?-
neous weekly i
Zinc oxide (ZaO) 0.0087 0.0087 RN 10 TRS S IG T L COREC TSITEIEOUmNG. B
" i T R % G 250 pg of iodine and 150 pg of selenium per animal.
apper suiphats (CaS0,3 H,0) ; ; The supplementation vith selenium was interrupted in
Hlour 9:0000. 9:0000 regard to its increased concentration in blood plasma
Sodium nitrate (NaNO,) 0.0000 1.9000 (264th day of the experiment).
Urea 1.5000 0.0000 The ewes were bred naturally from day 81 to day 187
Oats meal 82.9000 0.0000 using two breeder rams tested for fertility. The number
Rapesced meal 0.0000 82.5000 and percentage of pregnant ewes: group GIS (6/100),

In all the groups, the major ingredient of the diet was
meadow hay harvested in the area of the sheep origin. Hay
was completed with the concentrates A and B prepared
in an experimental feed mill of the Central Institute for
Supervising and Testing in Agriculture, Lysa nad Labem.
Vitamin additives Combinal A forte, Combinal D forte,
and Combinal E forte were administered in drinking wa-
ter. Moreover, feeding carrot was offered and iodine-free
lick salt was available.

The sheep of the groups GIS, GI, and G received daily
the concentrate B containing rapeseed meal (RM — 82.5%)
and sodium nitrate (NO; — 1.9%). The dose was 287 g
per animal/day and corresponded to a daily intake of 4 g
of sodium nitrate and 4.2 mmol of glucosinolates per
animal/day. The content of glucosinolates was deter-

group GI (6/100), group G (6/100) and group IS (5/83.3).
This experiment and observation were conducted for
350 days.

Blood samples were collected from v. jugularis into
test tubes containing heparin as the anticoagulant. Urine
samples were obtained by catheterization.

Blood plasma, urinary, and milk iodine was determined
after alkaline digestion by the spectrophotometric
method of Sandell-Kolthoff as modified by Bednét et al.
(1964). Conventional methods were used for determina-
tion of the remaining blood components: haemoglobin
as haemoglobin cyanide, leukocyte count haemocytometri-
cally, blood plasma cholesterol by reaction with acetic
anhydride, triiodothyronine (T;) and thyroxine (Tj) radio-
immunologically using commercial kits (Immunotech,
Prague), urea colorimetrically using the Biola-test (Lachema,
Brno), and blood selenium by atomic absorption after
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mineralisation by the hydride technique (Unicam). Sig-
nificance of differences in mean values was assessed using
the t-test and dependence between hormones (Ts, T3) and
iodine concentrations in blood plasma was tested by cor-
relation analysis in both cases using the software
STAT-plus (Matouskova et al., 1992).

RESULTS

No clinical abnormalities were detected by adspection
and palpation of the thyroid glands except for three ewes
of the group G. The latter three ewes developed a slight
enlargement making the thyroid gland palpable on ex-
perimental Day 56. Typical goitre developed in the
lambs. One female lamb of the group G, born with a low
viability and live weight, was lethargic and developed
thyroid enlargement palpable as two distinct painless,
oval rigid, and elastic structures with sizes of 34 x 2 cm.

Favourable effects of regular weekly supplementation
of ewes fed a diet containing nitrates and glucosinolates
and supplemented with iodine and selenium are apparent
from both dynamics (Fig. 1) and mean iodine concentra-
tions in blood plasma (Tab. 3). Ewes of the control
group G showed repeatedly the lowest iodine concentra-
tions in blood plasma for almost the whole experimental
period. Compared with the groups GIS, GI, and IS,

90 -

|
80 §—-
70 +
60}
50

40 1 -

pg /1 of blood plasma

0

20 | 2 ot

11 ) - - - S

0 ~ —

maximum differences were observed during the breeding
and the first half of the gestation periods and in lactating
ewes. Mean iodine concentration in blood plasma for
the whole experimental period (Tab. 3) in the group G
was significantly lower than in any of the other groups
(P<0.01).

Although the urinary iodine output is highly density-
dependent, its concentration in the group G was lower
by 35-62.3 ug I/l in comparison with the other groups

_(Tab. 3). The iodine concentration in milk, which is a signi-

ficant indicator of iodine intake, dropped in the group G
during the experimental period down to 27 + 15 pg/l.
Compared with the other groups, in which the concentra-
tions ranged between 70 and 198 pg/l, the difference
was significant (P < 0.01).

The higher iodine concentrations in blood plasma in
the groups GIS, GI, IS were accompanied by higher levels
of plasma T (P < 0.01, Tab. 3). The correlation between
iodine and T, concentrations was confirmed by the coef-
ficient »=0.50 (P < 0.01).

On the other hand, the group G showed higher concen-
trations of triiodothyronine (T;), particularly in pregnant
and lactating ewes (Tab. 4). Compared with the remaining
groups, the difference in mean concentrations of T; for
the whole experimental period was significant (P < 0.05;
0.01; Tab. 3). The correlation between T; and iodine
concentrations in blood plasma was insignificant (»=0.13).

nonpregnant before mating
1-28 51 mating

84

beginning of  mating, pregnancy
112-148

pregnancy, lactation lactation
lambing 300 350
188-245

Days of experiment

Figure 1. Concentration of iodine in blood plasma (ug/l) in the experiment
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Table 3. The mean content of iodine in plasma, urine, and milk; of thyroxine and triiodothyronine in plasma; of selenium in blood

Concentration Number

Group GIS Group GI Group G Group IS
of examinations
T-test
) 5 X S, x s, x F
Plasma iodine pg/l 60 52.0 7.9 46.32 12.5 39,1433 55 49,23 10.7 L2.3(p<0.01)
Urine iodine ~ pg/l 60 88.8L4 428 80125 277 451123 288  107.4%45 545 2A(P<0.01)
45(P < 0.05)
Milk iodine ng/l 12 70044 16.0  101.0%5 41.0 27.0%%3 150  198.0%45 8.0 "2345P<0.01)
Plasma T, nmol/l 60 82.6! 23.1 78.12 30.4 60.7423 145 89.23 35.1 L2.3(p< 0.01)
Plasma T, nmol/l 60 312 06 30 08 33 07 2842 07 '(P<0.01)
(P < 0.05)
Blood selenium  pg/l 60 202342 1119 452235 131 539134 169  186.1%5 84.6 123.45(P<0.01)
Table 4. Concentration of T, in blood plasma (nmol/l) in the experiment
Days Stage Number Group GIS  Group Gl Group G Group IS
of experiment of reproductive  of i
% = = = = T-test
cyel X & x & X 8, X 2
1-28 nonpregnant 12 322 05 35 1.0 3942 05 280 04 L 2(P< 0.01)
51 before mating 6 22 0.4 24 0.6 2.6 0.4 2.7 0.5
84 beginning of mating 6 4.7 1.5 4.5 1.4 4.2 12 4.1 0.8
112-148 mating, pregnancy 12 35 0.7 33 1.1 3.6 0.7 3.6 1.0
188-245 pregnancy, lambing 12 29 05 262 0.5 33023 04 23 06 L2.3(p <0.01)
300 lactation 6 3.1 0.7 2.9 0.9 33 1.4 23 0.7
350 lactation 6 2.0 0.2 2.1 0.4 24 0.3 1.9 0.6

The T; : T, ratio changed from 84th to 148th day of the
experiment (breeding period, pregnancy) from 1 : 1641
to 1 : 15-23. In the group G, the closer ratio persisted up
to the end of the experiment (1 : 16-20). In the groups
GIS, GI and IS the T; : T, ratioreturned to the initial value
(1 : 25-40) in the second half of the experimental period.

Blood selenium concentrations in the unsupplemented
groups G and GI did not exceed 70 pg/l. On the other
hand, the concentrations increased to more than 200 pg/l

Table 5. Concentration of T, in blood plasma (nmol/l) in the experiment

after Day 60 in the groups GIS, IS (Fig. 2). A marked
decrease was observed as soon as the supplementation
was discontinued on day 264. A difference in blood se-
lenium concentrations between the supplemented groups
GSI and IS was insignificant and the same applied to the
difference between the unsupplemented groups GI and
G (Tab. 3). Worth mentioning is a transient increase in
T, concentration in the group GSI after the supplementa-
tion was discontinued (Tab. 5).

Days Stage Number

. . Group GIS ~ Group GI Group G Group IS
of experiment  of reproductive  of examinations T-test
cycle x 5 x F ¥ s, x s,
1-28 nonpregnant 12 882! 22 9932 177 62023235 1052 16.0 L23(p < 0.01)
51 before mating 6 91.1 158 689" 228 7872 165 102.842 88 '(P<0.01)
(P <0.05)
84 beginning of mating 6 840 240 810 186 629 124 810 305
112-148 mating, pregnancy 12 68.5 0.6 765 14.1 64.5 17.6  68.5 15.1
188-245 pregnancy, lambing 12 6782 156 727 289 53002 154 768" 16.1 '(P<0.01)
2P <0.05)
300 lactation 6 121.8' 179 648 283 57.0' 16.6 69.6 27.2 I(p<0.01)
350 lactation 6 80.8' 177 69.0 24.0 47.7' 165 747 25.8 (P <0.01)
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Figure 2. Concentration of selenium in blood plasma (pug/l)

Individual and partial mean total protein concentra-
tions varied considerably during the continuing growth
and development of the experimental animals (Tab. 6).
A decrease to 60 g/l was observed during the last seven
weeks of pregnancy and lactation. This decrease was most
marked in pregnant ewes of the group G (49.7 + 8.2 g/l;
P <0.01).

Urea concentration in blood plasma varied within
a range of 5.2 to 10.0 mmol/l during the experimental
period (Tab. 7). Higher concentrations were observed in
the groups GIS, GI, and G.

In all the groups, the concentration of haemoglobin
was higher than 100 g/l. Lower values were found in all

the four groups during the first 7 weeks of the experiment
and in lactating ewes in the last phase of the experiment
(Tab. 8). Mean haemoglobin concentrations of the groups
GIS, GI, and G were alike. A higher concentration was ob-
served in the group IS from the beginning of the experiment.

Leukocyte counts (Tab. 9) differed considerably both
between the groups and within the groups. No signifi-
cant differences were found in mean values, however.

The blood plasma cholesterol concentration (Tab. 10)
decreased during pregnancy and lactation in the group
GIS, GI and IS to 0.9-1.5 mmol/l. In the group G the
concentration remained at 1.5 to 1.8 mmol/l also in these
phases of the experiment (P < 0.01; 0.05).

Table 6. C ion of total p in blood plasma (g/1) in the experiment
Days Stage Number Group GIS  Group GI Group G Group IS
of experiment of reproductive  of i T-test
cycle X s, X s, X s % s
1-28 nonpregnant 12 68.3 102 624 77 644 11.5  67.0 78
51 before mating 6 66.8 78 714 89 677 54 709 8.9
84 beginning of mating 6 66.7 146 734 203 674 197 717 218
112-148 mating, pregnancy 12 65.5 65 69.6' 53 61242 68 701> 84 L2(p<0.01)
188-245 pregnancy, lambing 12 60.1" 25 604° 93 4972382 61.02 8.2 1.23(P<0.01)
300 lactation 6 65.0 86 623 32 583 2.1 611 39
350 lactation 6 62.3 43 619 6.6 595 27 606 3.1
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Table 7. Concentration of urea in blood plasma (mmol/l) in the experiment
Days, .. Stage ... :Number Group GIS ~ Group GI Group G Group IS
of experiment  of reproductive  of
T-test
cycle x 5 x s x 8 x Sy
1-28 nonpregnant 12 66! 1.1 642 0.6 623 04 53123 0.9 123 (P <0.01)
51 before mating 6 713 10 79! 09 8423 06 6412 05 12(P<0.01)
3(P<0.05)
1
84 beginning of mating 6 80 13 98! 08 902 07 782 1.1 (P<0.01)
’ 2(P<0.05)
112-148 mating, pregnancy 12 82' 08 882 1.0 883 08 70122 0.7 123 (P <0.01)
1
188-245 pregnancy, lambing 12 613 12 70! 13 682 12 522109 2(P<0.01)
3(P <0.05)
300 lactation 6 7.2 1.3 851" 13 7.4 0.8 64' 09 l(P<0.01)
350 lactation 6 84! 1.1 1002 1.3 913 15 57123 1.1 123 (P <0.01)
Table 8. C of h globin in blood (g/1) in the experiment
Days Stage ’ Number Group GIS  Group GI Group G Group IS
of experiment  of reproductive  of
T-test
eycle x s, ¥ s, ¥ s, % s
1-28 nonpregnant 12 1063 234 109.6 103 108.7 7:5° 1130 7.9
51 before mating 6 109.8 3.7 1100 58 1084 6.8 1143 1.9
84 beginning of mating 6 1152' 3.7 1154 109 1126* 58 1251"% 6.3 L2(P<0.01)
112-148 mating, pregnancy 12 117.3 7.7 1134 94 1132 6.5 1153 7.9
188-245 pregnancy, lambing 12 118.1 6.7 119.0 49 1220 58 119.0 7.0
300 lactation 6 118.7 9.0 1123 8.7 1173 84 121.6 11.7
350 lactation 6 111.2 102 100.4! 9.6 1104 9.6 114.8' 117 1(P<0.05)
Table 9. Count of leukocytes in blood (G/1) in the experiment
Days Stage Number Group GIS  Group GI Group G Group IS
of experiment  of reproductive  of examinations T-test
cycle x s X s, X s, X s,
1-28 nonpregnant 12 7.1 1.6 7.1 1.5 7.3 1.1 - 6.9 1.8
1,2
51 before mating 6 6443 13 89M2 13 8234 12 6844 05 (p<0.01)
34(P<0.05)
84 beginning of mating 6 5.8 0.8 7.6 2.2 6.7 2.1 5.8 1.4
112-148 mating, pregnancy 12 6.6 12 7.6 1.4 5.8 1.8 6.9 1.8
188-245 pregnancy, lambing 12 6.2 1.3 7.0 1.5 6.2 1.3 6.4 1.5
300 lactation 6 7.0 2.0 6.7 1.8 6.6 1.3 5.9 1.3
350 lactation 6 7.2 1.9 5.5 2.6 6.4 0.8 5.8 1.0
Table 10. Concentration of cholesterol in blood plasma (mmol/l) in the experiment
Days Stage Number Group GIS ~ Group GI Group G Group IS
of experiment of reproductive  of ination
T-test
cycle x s, % TR~ s, % 5,
1,2
28 t 12 162 03 1343 02 174 04 1324 02 (P=001)
1 nonpregnant 3.4 p<0,05)
51 before mating 6 1.6 0.3 1.8 0.3 1.9 0.4 1.9 0.2
84 beginning of mating 6 2.2 0.4 1.8 0.5 1.8 0.3 2.0 0.3
1
; 1,2,3 1 (P<0.01)
112148 mating, pregnancy 12 .77 04 .72 03 2.0 0.3 1.5 0.2 2.3(P < 005)
188-245 pregnancy, lambing 12 1.3 03 142 . 0.2 1.8:23 03 133 03 L2.3(p <0.01)
300 lactation 6 15 0.3 K3t 01 1.6 02 1.5 0.2
: Y(P<0.01)
350 lactat 6 102 04 L1303 1542303 09" 0.2 £
actation 23p < 0,05)
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DISCUSSION

The significantly higher concentrations of blood
plasma iodine in the groups GIS, GI, IS (Tab. 3) were
apparently due to its increased intake in the form of regu-
lar parenteral administration. Compared with the results
published by Rogers (1992) and McCoy et al. (1997),
the blood plasma concentrations of iodine found in the
group G must be regarded as low and indicative of insuf-
ficient content in the basic ration. Similar values not ex-
ceeding 20 pg/l were reported by Groppel et al. (1987)
for sheep fed a diet containing only 0.05 to 0.13 mg iodine
per 1 kg dry matter for approximately the same period.
An increase in the concentration of dietary iodine to 0.4 mg
per 1 kg dry matter, corresponding to the recommended
range of 0.2 to 0.5 mg per 1 kg dry matter (Jenkins and
Hidiroglou, 1990), resulted in an increase of blood plasma
iodine concentration to 67 pg/l (Groppel et al., 1987).

Even larger between-the-groups differences were found
in the concentrations of urinary and milk iodine (Tab. 3).
The mean urinary iodine concentration of 45.1 pg/l in
the group G corresponded to values reported by Herzig
et al. (1999b) for cows fed an iodine-deficient diet con-
sisting of meadow hay, dried alfalfa and grain meal.
Considering the naturally higher milk iodine concentration
in sheep, the mean value found in the group G (27 pg/l)
can be interpreted as a sign of marked iodopoenia. Groppel
(1991) classified as iodine-deficient animals those with
milk iodine concentration as high as 62 pg/l.

A discrepancy was found between approximately the
same concentration of blood plasma iodine and different
urinary and milk iodine concentrations in ewes of the
groups GIS, GI, IS (P < 0.01, Tab. 3, Fig. 1). The lower
concentration of milk iodine in the groups GIS and GI
can be explained as a result of inhibition of active iodine
transport into the mammary gland due to the competitive
action of nitrates and GLS, as described for the thyroid
gland by Pisafikova et al. (1996). A similar decrease in
milk iodine concentration in dairy cows fed GLS-con-
taining rapeseed cake was reported by Suchy et al. (1998).
The dysbalance between iodine intake and excretion in
animals in which iodine utilisation by the thyroid gland
is limited due to the goitrogenic effect of GLS and nitrates
allows speculations on iodine “retention” in other tissues
or alternative ways of its excretion.

The significant decrease in blood plasma T, concentra-
tion in the group G (Tabs. 3, 5) reflects the goitrogenic
effect of GLS and nitrates. The higher concentrations of
T, in blood plasma of ewes of the groups GIS and GI
demonstrate the compensatory antigoitrogenic effect of
iodine supplementation. Similar results were also pub-
lished by Ehlers et al. (1994) and Kvicala et al. (1997).

The lower iodine and T, and higher T; concentrations
in the group G (Tabs. 3, 4 and 5, Fig. 1) indicated that
iodine supply was inadequate for a normal function of
the thyroid gland (Janssen et al., 1994). Under such con-

ditions, the thyroid gland preferably synthesises T; in
which the iodine content is lower than in T, In addition
to the above signs of hypothyroidism, a moderate enlarge-
ment of the thyroid gland was found in three ewes by
palpation already in the second week of the experiment
and neonatal goitre developed in their progeny. The dy-
namics of blood plasma iodine concentration and thyroid
hormones (Fig. 1, Tabs. 4 and 5), including the narrow
T; : Ty ratio, are evidences of an increased risk of thyroid
hyperfunction under the influence of steroid hormones
during the breeding period, pregnancy, parturition and
lactation period (Bekeova et al., 1994). The signs of hy-
pothyroidism in the group G, including a T, decrease
and low iodine concentration in blood plasma, milk and
urine, only point out a danger of contribution of further
adverse factors, including glucosinolates and nitrates, to
the aetiology of thyreopathies under challenging metabolic
situations. A similar marked decrease in T, (< 20 nmol/l)
and concurrent increase in T; (= 3 nmol/1) were found by
Groppel et al. (1987) in pregnant goats suffering from
a marked iodine deficiency.

Blood selenium concentrations in sheep of the groups
G and GI (Tab. 2, Fig. 2) corresponded to the half-level
of the normal values of 120 to 150 pg/l as defined by
Stowe and Herd (1992) as the maximum. On the other
hand, the dynamics of selenium concentrations in blood
plasma of sheep of the groups GIS and IS indicated that
the parenteral weekly dose was excessive. Discontinua-
tion of the selenium supplementation was followed by
a decrease in blood selenium concentration and, in the
group GIS, a transient increase in blood plasma T, con-
centration (Fig. 2). The sudden decrease in blood selenium
concentration in the sheep adapted to the previous ex-
cessive supply could have resulted in a transient decrease
in the activity of 1,5’ deiodase and in a conversion of T,
at both the thyroid gland and the peripheral levels
(Kreze et al., 1993).

The effects of goitrogens (GLS + nitrates) and sele-
nium and iodine supplementation on haematological in-
dices are shown in Tabs. 6 to 10. The effects of goitrogens
in the group G included a decrease in total protein and
an increase in cholesterol concentrations in blood plasma.
The subnormal protein concentrations in late pregnancy
and lactation (Richter et al., 1983) in this group can be
associated with the thyroid hormone deficiency and
a decrease in the proteosynthetic activity resulting there-
from (Reeds, 1987). Blood cholesterol concentrations
(Tab. 10) were within the normal range (Jagos and Bouda,
1981) in all the groups. However, differences between
the groups appeared in late pregnancy and in the lacta-
tion period. The higher cholesterolaemia in the group G
was a result of depressed activity of the thyroid gland af-
fecting the metabolism of lipids (Dory and Roheim,
1981; Bires et al., 1996). In addition to depressed proteo-
synthesis an alteration in hepatic cholesterol metabolism
can be considered in the sheep receiving goitrogens
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without iodine and selenium supplementation. Findings
indicative of adverse effects of goitrogens on proteo-
synthesis and lipid metabolism stress the importance of
mineral and trace element, particularly iodine supple-
mentation (Simek et al., 1999) of goitrogenic diets also
for productive efficiency.

Haemoglobin concentrations (Tab. 8) were at the lower
limit of the normal range, as given for sheep by Richter
et al. (1983), in all the groups receiving goitrogens irre-
spective of iodine and selenium supplementation. The
significant decrease in haemoglobin concentration in
lactating sheep of the group GI apparently resulted from
the fact that natality was higher (150%) than in the other
groups (Kursa et al., 2000).

Mean leukocyte counts did not exceed the physiologi-
cal range as defined by Richter et al. (1983). Due to large
individual variability, the differences between the groups
were not significant. Since the intake of glucosinolates
and nitrates had no marked effect on leukocyte count, no
impact on the immune system is assumed. The finding of
unaltered leukocyte count can also be interpreted as an
indirect evidence of normal bone marrow activity.

Although the concentration of urea in blood plasma
fluctuated considerably, the limits of the physiological
range, as defined by Bock and Polach (1994), were not
exceeded. Higher mean values found in the groups GSI,
G, and GI can be explained as a consequence of increased
intake of rapeseed meal proteins which undergo ruminal
degradation.
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Changes in protein content and correlations between contents
of amino acids of goat’s colostrum during the first 72 hours after
parturition

Zmeény obsahu dusikatych latek a vzajemnych vztahti mezi obsahy
aminokyselin mleziva koz v prubéhu prvnich 72 hodin po porodu

S. GAIDUSEK, S. KRACMAR, P. JELINEK, J. KUCHTIK

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: In five female goats of the Czech Brown Polled breed on the 2nd and following lactations, changes were ex-
amined in dry matter and basic protein content as well as changes in correlation coefficients between the contents of ami-
no acids found in colostrum from 2 to 72 hours after parturition. The most marked changes in average contents of total
dry matter and proteins in colostrum could be observed between the first and the third sampling (i. e. 2, 12 and 24 hours
after parturition). The content of total dry matter decreased from 23.8% to 17.5%, that of total nitrogen (TN) dropped
from 2.12% to 0.84% and the levels of protein nitrogen (PN) and whey protein nitrogen (WPN) decreased from 1.92% to
0.80% and from 1.40% to 0.38%, respectively. On the other hand, casein nitrogen (CN) increased from 0.15% to 0.42%
and the casein number rose from 8.0% to 52.2%. The CN content showed the highest variability. In the next period (i. e.
between 36 and 72 hours after parturition), changes in all components studied were much smaller. The content of TN
dropped from 0.90% to 0.84%, that of PN from 0.85% to 0.80% and that of WPN from 0.36% to 0.25%. In this period,
further increase of the CN content from 0.49% to 0.56% occurred, and the casein number rose from 57.8% to 69.4%.
Between the Ist and the 2nd sampling, the content of non-protein nitrogen (NPN) in colostrum was approximately 9% of
TN and thereafter, i. e. 24 hours after parturition, it varied between 4.7 and 4.8%. Two, 12 and 24 hours after parturition,
urea nitrogen (UN) represented 9%; 23% and 52.3 % of NPN. In the next period, the percentage of UN in NPN de-
creased slightly from 32.5 to 30%. Changes of amino acid (AA) contents in the colostrum during the first 72 hours after
parturition were published in our earlier publication (Krd¢mar et al., 1999). In spite of a high variability of AA contents
in colostrum sampled in 2, 12 and 48 hours after parturition, the values of all correlation coefficients of AA contents in
individual colostrum samples were found to be very high or high, and all positive (except His and, after 12 hours, also Phe).

Keywords: goats; colostrum; proteins; correlation of AA aminokyselinami

ABSTRAKT: U péti koz plemene hn&da kréitkosrstd na druhé a vy33i laktaci byly sledoviany zmé&ny obsahu sufiny a zé-
kladnich dusikatych latek (celkovy, proteinovy, bilkovin mlé&ného séra, kazeinu a mo&oviny) a zmé&ny hodnot korelag-
nich koeficientl mezi obsahy aminokyselin mleziva od 2 do 72 h po porodu. Nejmarkantné&j§i zmény v primérnych
hodnotach celkové sudiny a dusikatych latek kolostra jsou pozorovatelné mezi prvnim a tfetim odbérem vzorki (2, 12
a 24 h po porodu). Celkova suSina klesd z 23,8 na 17,5 %, celkovy dusik (TN) kles4 z 2,12 na 0,84 %, proteinovy dusik
(PN) z 1,92 na 0,80 % a dusik syrovéatkovych bilkovin (WPN) z 1,40 na 0,38 %. Naopak kazeinovy dusik (CN) se
zvySuje z 0,15 na 0,42 % a kazeinové &islo stoupd z 8,0 na 52,2 %. Obsah CN vykazuje nejv&tsi variabilitu. V dal¥im
obdobi (36 aZ 72 h po porodu) jsou jiz zmény viech sledovanych slozek mnohem mensi. Obsah TN klesl z 0,90 na 0,84 %,
obsah PN z 0,85 na 0,80 % a obsah WPN z 0,36 na 0,25 %. V tomto obdobi doslo k dal§imu zvy3ovéni obsahu CN
z 0,49 na 0,56 % a kazeinové &islo se zvysilo z 57,8 aZ na 69,4 %. Obsah nebilkovinného dusiku (NPN) ¢&inil v mlezivu
z 1. a 2. odbéru vzorku asi 9 % z TN, od 24 h po porodu kolisal mezi 4,7 a 4,8 %. Z NPN ¢&inil 2 h po porodu podil
mocovinového dusiku 9 %, po 12 h kolem 23 % a maximum 24 h po porodu (52,3 %). V dal$im obdobi se procentuélnf
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podil UN z NPN nepatrné sniZuje z 32,5 na 30 %. Zmé&ny obsahu aminokyselinového (AA) sloZeni mleziva v prvnich 72 h
po porodu byly uvedeny v pfedchézejici publikaci (Krd&mar et al., 1999). I pfes zji§t€nou vysokou variabilitu obsahu
jednotlivjch AA v kolostru, odebraném 2, 12 a 48 h po porodu, byly v téchto obdobich zji¥tény hodnoty viech ko-
reladnich koeficientd (kromé& His a po 12 h i Phe) mezi obsahy jednotlivych AA v individudlnich vzorcich kolostra velmi

vysoké, resp. vysoké, a viechny pozitivni.

Kli¥ovi slova: koza; mlezivo; dusikaté latky; korelace mezi aminokyselinami

INTRODUCTION

Colostrum, as the first secretion of the mammary gland
after parturition, differs significantly from “ripened”
milk (Khalil et al., 1992). In the first hours after parturi-
tion, colostrum is rich in proteins. The highest proportion
of these substances is represented by serum proteins,
first of all immunoglobulins, both in cow’s colostrum
(Klimes et al., 1986) and goat’s colostrum (Hadjipanayitou,
1995); however, colostrum of all mammalian species
contains also high amounts of volatile peptides and
amino acids (Schablin,1987; Saito et al., 1993) as well
as increased concentrations of lactoferrin (Abd-El-Gawad
et al., 1986, 1996) and many other enzymes. That is why
the spectrum of amino acids in colostrum is not depen-
dent only on the concentration of serum proteins and
casein. Contents of all these components influence cor-
relations of amino acid present in colostrum.

The objective of this paper, which is a continuation of
our earlier study about changes in amino acid composition
of goat colostrum (Kraémar et al., 1999), is to assess
changes in the contents of essential nitrogen compounds
in goat’s colostrum in the first 72 hours after parturition
and to evaluate changes of correlation coefficients for
the amino acid composition.

MATERIAL AND METHODS

Composition of goat’s colostrum was studied in 5 dairy
goats of the Czech Brown Polled breed on the 2nd and
subsequent lactations from 2 to 72 hours after parturition
within the period February-March 1998.

Goats received feeding rations consisting of:

— maize silage, feeding ration of 3.0 kg

— fodder beet, feeding ration of 2.0 kg

- bulk fodder, feeding ration of 0.5 kg
—meadow hay, fed ad libitum

— oat straw with undersown grass, fed ad libitum

Colostrum samples were taken 2, 12, 24, 36, 48 and
72 hours after parturition; colostrum was homogenised
in the batches of ca. 100-300 ml, and the homogenised
samples were thereafter frozen.

Total nitrogen was determined according to Kjeldahl
using Kjeltec Auto 1031 Analyser (manufactured by
Tecator). Total proteins, serum proteins and casein were
determined using the apparatus Pro Milk II (manufac-
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tured by Foss Electric). Urea content was determined
spectrophotometrically using p-dimethylaminobenzal-
dehyde. All substances were expressed as percentages of
total nitrogen (calculated with factor 6.37). Amino acids
were determined chromatographically and results were
published by Kré¢mar et al. (1999). All results were evalu-
ated using the variation statistics (ANOVA) and correla-
tion analysis according to Snedecor and Cochran (1967).

RESULTS AND DISCUSSION

Changes in colostrum dry matter and protein contents
observed in the first 72 hours after parturition are pre-
sented in Tab. 1. Colostrum produced by the mammary
gland within the first 2 hours after parturition shows a high
content of dry matter. This dry matter consists of more
than 56% of crude proteins (the factor 6.37 is used for
conversion of nitrogen to proteins). More than 90% of
true protein nitrogen corresponds to protein nitrogen. Of
the proteins investigated, the highest variability was ob-
served in the contents of casein and urea nitrogen (35.2%
and 46.3%, respectively). The casein number was only 8%.

In the course of lactation, the content of all compo-
nents examined decreased markedly with the exception
of casein; the proportion of proteins in the total dry matter
decreased as well. More marked were the changes ob-
served after the first, second, and third milking (2, 12 and
24 hours after parturition). Twelve hours after parturi-
tion, the crude protein content was only 40% of dry mat-
ter (the factor 6.37 is used for conversion of nitrogen to
proteins); however, the percentage of protein nitrogen in
total nitrogen was always higher than 90%. However,
the proportion of serum proteins in protein nitrogen de-
creased while in the casein number it increased to approxi-
mately 49%. The contents of casein showed the highest
variability. Similar results were presented also by Singh
et al. (1972), who found higher initial values of casein.

In the next period, the decrease of the total nitrogen
and protein nitrogen contents was relatively low; the
percentage of protein nitrogen dropped to ca 95% and
practically did not change by the end of the period under
study. In colostrum sampled 24 hours after parturition,
the contents of total nitrogen, protein nitrogen and serum
protein nitrogen decreased. A slight decrease in casein
nitrogen was also registered, although always with a high
variation of the coefficient value and, finally, the casein
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number rose to ca 52%. In samples obtained 48 hours
after parturition, a slight temporary increase of dry matter,
total nitrogen and pure protein nitrogen was observed
and the casein number rose to ca 66%. In colostrum
sampled 72 hours after parturition, the casein number
was already over 69%. The content of urea nitrogen af-
ter parturition was low (0.019%) but with a high variability.
In samplings carried out 12 and 24 hours after parturition,
a temporary increase was registered. The percentage of
urea nitrogen in non-protein nitrogen reached its maxi-
mum (52.3%) 24 hours after parturition and in the next
period (i. e. 72 hours after parturition) it dropped to 30%.
The variability of amino acid composition in the co-
lostrum and its changes within the first 72 hours after
parturition were described in our previous study (Kradmar
et al., 1999). It was found that the contents of all amino
acids showed the highest variability 2 hours after partu-
rition. Besides the animal’s individuality the cause of this

variability may be the amount and production rate of the
colostrum. In spite of that, serum proteins showed the
highest percentage in colostrum proteins after parturi-
tion; this concerned above all immunoglobulins, the con-
tent of which decreased markedly during the next days
(Quilies et al., 1991, 1992). High contents of other com-
ponents of peptidic nature could also be expected in the
colostrum, especially of volatile peptides, amino acids,
enzymes, etc. (Schablin, 1987; Saito et al., 1993). In spite
of a high variability in the final pattern of AA in colos-
trum and their individual levels, very high and highly
positive correlation coefficients were found out (Tab. 2).
Only the histidine content did not indicate any significant
correlation with the contents of other AA. Twelve hours
after parturition, in spite of the still high value of varia-
tion coefficients of all AA, the values of all correlation
coefficients, except for His, were again very high and
high, and they were again positive in all cases (Tab.3).

Table 1. Changes of dry matter and basic protein of goat’s colostrum in the first 72 hours after parturition (%)

2 12 24
Mean Sg v% Mcan S V% Mean Sg V%
Solids 23.83 £ 1.063 10.0 17.61 + 1.127 143 17.53 = 0.191 2.4
Total N 2.115 = 0340 16.3 1.116 = 0.203 18.1 0.836 = 0.051 6.3
Protein N 1922 £ 0310 163 1.015 + 0.184 18.1 0.796 = 0.050 6.3
Serum protein N 1.402 + 0.071 5.2 0.518 = 0.289 55.9 0.380 £ 0.071 173
Cascin N 0.154 = 0.070 46.3 0.497 + 0.200 403 0.416 £ 0.110 25.7
Urea N 0.019 + 0.012 352 0.023 + 0.005 22.7 0.021 + 0.003 17.1
36 48 72
Mean Sg v% Mean S V% Mean Sg v%
Solids 16.53 £ 1.046 14.1 18.29 + 0.794 9.7 16.03 + 0.617 8.6
Total N 0.896 = 0.052 6.1 0.868 + 0.082 9.7 0.844 = 0.072 8.5
Protein N 0.853 + 0.050 6.1 0.827 + 0.081 9.7 0.804 + 0.071 8.5
Serum protein N 0360 = 0.062 17.8 0.284 = 0.031 9.7 0.246 = 0.032 125
Casein N 0.493 + 0.040 9.0 0.543 + 0.051 9.6 0.558 + 0.053 8.6
Urca N 0.014 £ 0.003 18.0 0.014 = 0.005 16.8 0.012 £ 0.002 9.9
Table 2. Values of correlation coefficients for AAs of goat’s colostrum 2 hours after parturition
Asp Met Thr Ser Glu Pro Gly Ala Val lle Leu Tyr Phe His Lys Arg
Cys 0.935 0971 0955 0.956 0913 0969 0.937 0.888 0.955 0913 0.899 0903 0.896 0.152 0.952 0.984
Asp - 0.961 0.994 0.997 0.993 0.993 0.906 0.985 0.988 0.993 0.987 0.949 0.981 0.031 0.997 0.981
Met - 0.986 0.966 0.963 0.981 0.860 0.953 0.969 0.960 0.961 0.973 0918 0.263 0.979 0.978
Thr - 0.993 0.991 0,997 0.891 0.983 0991 0.988 0.988 0.968 0.967 0.125 0.999 0.988
Ser - 0.985 0.997 0930 0.972 0991 0985 0.976 0.940 0.977 0.027 0.997 0.991
Glu - 0.981 0.853 0.998 0.973 0.999 0.997 0.973 0964 0.113 0.993 0.962
Pro - 0922 0.969 0.995 0.980 0.976 0949 0.971 0.008 0.997 0.996
Gly - 0.821 0.920 0.859 0.829 0.769 0.905 -0.193 0.901 0.944
Ala - 0.961 0996 0.998 0.975 0.956 0.131 0.984 0.944
Val - 0.967 0.971 0.926 0.985 0.024 0.990 0.991
Tle - 0.993 0.973 0.957 0.112 0.992 0.960
Leu - 0.972 0.965 0.128 0.988 0.953
Tyr - 0.886 0.338 0.962 0.928
Phe - -0.109 0.972 0.960
His - 0.009 0.006
Lys - 0.986
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Table 3. Values of correlation coefficients for AAs of goat’s colostrum 12 hours after parturition

Asp Met  Thr Ser Glu Pro Gly Ala Val Ile Leu  Tyr Phe  His Lys Arg

Cys' 0.770 0.841 0.754 0.869 0.730 0.838 0.829 0.862 0778 0.849 0.807 0.788 0.449 -0.212 0.803 0.623

Asp - 0913 0.929 0.954 0.992 0.977 0994 0979 0.997 0981 0.993 0415 0.899 0.196 0.997 0.946
Met - 0.862 0.855 0.923 0.961 0914 0.906 0.894 0.921 0912 0572 0.691 -0.185 0.919 0.753
Thr - 0.857 0.889 0.872 0.928 0.888 0.949 0.875 0.961 0.623 0.751 0.002 0.951 0.803
Ser - 0.929 0954 0.978 0.993 0.957 0.985 0955 0.472 0.820 0235 0.957 0.926
Glu - 0.981 0977 00963 0.978 0.974 0971 0.339 0914 0.197 0.980 0.942
Pro - 0.980 0.981 0962 0.991 0.965 0.453 0.831 0.008 0.937 0.898
Gly - 0.994 0.995 0.991 0.995 0.480 0.862 0.169 0.996 0.934
Ala - 0.977 0997 0977 0.477 0.840 0.179 0.981 0.929
Val - 0.974 0.998 0.452 0.887 0.201 0.998 0.941
Ile - 0.973 0.447 0.849 0.169 0.978 0.930
Leu = 0.509 0.855 0.137 0.999 0.917
Tyr - -0.008 -0.613 0.486 0.156
Phe - 0.522 0.865 0.972
His - 0.144 0.499
Lys - 0.924

Table 4. Values of correlation cocfficients for AAs of goat’s colostrum 24 hours after parturition

Asp  Met  Thr Ser Glu Pro Gly Ala Val lle Leu Tyr Phe His Lys Arg

Cys 0.898 0.003 0.639 0.762 0.650 0.178 0.536 -0.831 0.205 0.467 0.001 0.210 -0.684 —0.908 —0.006-0.003

Asp - -0.371 0.265 0.426 0.854 -0.201 0.407 -0.690 -0.190 0.802 -0.362 0.594 -0.814 -0.754 -0.330-0.334
Met = 0.558 0.473 -0.713 0.563 -0.119 -0.358 0.621 -0.730 0.590 -0.726 0.611 -0.315 0.527 0.365
Thr - 0.985 0.121 0.861 0.715 -0.457 0.881 -0.361 0.770 -0.614 -0.292 -0.559 0.450 0.688
Ser - 0.252 0.765 0.728 -0.568 0.788 -0.197 0.652 -0.468 -0.404 -0.671 0.367 0.574
Glu - -0.150 0.593 -0.219 -0.183 0.772 -0.282 0.563 -0.979 -0.328 -0.377-0.125
Pro - 0.692 0.003 0.997 -0.715 0.986 -0.894 -0.005 -0.006 0.592 0.950
Gly - -0.004 0.638 -0.001 0.574 -0.293 -0.734 -0.203 0.352 0.665
Ala - -0.029 -0.356 0.158 -0.225 0.201 0.986 0.002 0.326
Val - -0.721 0.980 -0.898 -0.001 -0.122 0.596 0.926
lle - -0.815 0.952 -0.630 -0.360 -0.580-0.728
Leu - -0.950 0.008 0.007 0.610 0.965
Tyr - -0.385 -0.185 —0.611-0.876
Phe - 0.333  0.270-0.007
His - 0.002 0.216
Lys - 0.496

Table 5. Values of correlation coefficients for AAs of goat’s colostrum 36 hours after parturition

Asp  Met  Thr Ser Glu Pro Gly Ala Val lle Leu  Tyr Phe His Lys Arg

Cys 0329 -0.714 0.003 0.612 0.576 0.489 0433 0.702 0.714 0.795 0.605 0.207 0.664 0.443 0.622 0.196

Asp - 0362 0491 0.603 0.570 0.880 -0.539 0.885 0.600 0476 0.575 0.135 -0.209 0258 0.362 0.262
Met - 0.531 0.001 0.003 0.255 -0.604 0.005 -0.109 -0.262 0.007 -0.233 0.890 0.003 —0.137 0.002
Thr = 0.811 0.836 0.766 0.009 0456 0.723 0.623 0.816 0002 -0.395 0.806 0.763 0.543
Ser = 0998 0903 0299 0.788 0.990 0.954 0.999 0.152 0.007 0885 0.961 0.550
Glu = 0.886 0320 0753 0.982 0944 0999 0.158 0.005 0899 0.969 0.573
Pro - -0.110 0901 0.887 0.801 0.889 0.008 -0.147 0.681 0.749 0.413
Gly - -=0.170 0326 0479 0330 -0.136 0.409 0.585 0.530 0.005
Ala = 0827 0758 0.764 0327 0209 0.437 0.632 0.442
Val = 0979 0.988 0.186 0.186 0.851 0.955 0.532
Ile - 0956 0.009 0264 0871 0.953 0.423
Leu = 0.139 0.007 0.901 0.968 0.546
Tyr = 0.651 -0.176 0.183 0.842
Phe - —0.009 0.204 0.380
His e 0.926 0.319
Lys - 0587
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The value of correlation coefficients decreased in the case
of Phe. Twenty-four hours after parturition (Tab. 4), most
values of correlation coefficients markedly decreased
and negative correlations between several contents of
AA were found out. Individual levels of AA showed the
lowest values of coefficients of variation, similarly like
in our previous study. As compared with the values cal-
culated for colostrum produced 12 and 24 hours after par-
turition a decrease in the values of correlation coefficients
(for Ser, Cys, Thr, Lys and Arg) occurred also 36 hours
after parturition while for the others the calculated val-
ues rose up again (Tab. 5). Forty-eight hours after partu-
rition, coefficients of variation rose significantly for all AA
(with the maximum for Phe and His — 50.18% and 80.8%,
resp.); the values of correlation coefficients were again
very high and high, and all were positive (Tab. 6). Only
in the case of His and Phe, the majority and/or a part of

measured values, respectively, were only high. Seventy-
two hours after parturition (Tab. 7), the values of coeffi-
cients of variation decreased for the majority of AA and
the values of correlation coefficients also markedly de-
creased in the majority of cases; the content of Phe did not
indicate any significant correlation with any other AA.
Taking into account the broad spectrum of substances
with peptidic character and different levels of AA that
may occur in the colostrum it is possible to assume a high
variability in the contents of all AA (depending on the
animal’s individuality). This variability was confirmed
in our previous study (Kra¢mar et al., 1999). But in spite
of the relatively low number of analysed colostrum samples
(n=15), it is of interest that in the period of an increased
variability in their contents (2, 12 and 48 hours after par-
turition), the values of correlation coefficients calculated
for individual AA were high or very high in the majority

Table 6. Values of correlation coefficients for AAs of goat’s colostrum 48 hours after parturition

Asp Met  Thr Ser Glu Pro Gly Ala

Val Tle Leu Tyr Phe His Lys Arg

Cys 0.990 0.890 0.996 0.995 0.997 0.998 0.961 0994 0.996 0.996 0996 0.970 0.917 0.856 0.996 0.997
Asp - 0937 0996 0.996 0.993 0.994 0.998 0.992 0.997 0.989 0.994 0.966 0.885 0.812 0.998 0.987
Met - 0.905 0.930 0.891 0.915 0.952 0.890 0915 0.890 0.898 0.863 0.706 0.724 0916 0.879
Thr - 0.995 0.999 0996 0.973 0.999 0.999 0.997 0.999 0.978 0919 0.838 0.998 0.997
Ser - 0.993 0.999 0.978 0988 0997 0991 0992 0959 0.881 0.836 0.998 0.988
Glu - 0.995 0.967 0.999 0.998 0.997 0.999 0.977 0926 0.840 0.998 0.998
Pro - 0.971 0991 0.997 0.994 0994 0.964 0.896 0.848 0.998 0.993
Gly - 0.964 0979 0.954 0968 0921 0.816 0.718 0.981 0.953
Ala - 0.996 0.997 0999 0.985 0937 0.844 0.994 0.998
Val - 0.995 0.998 0.971 0.905 0.827 0.999 0.994
Ile - 0.998 0.986 0.937 0.876 0.993 0.999
Leu - 0.982 0929 0.845 0.997 0.998
Tyr - 0.967 0.893 0.967 0.985
Phe - 0.884 0.899 0.942
His - 0.823 0.869
Lys - 0.993

Table 7. Values of correlation coefficients for AAs of goat’s colostrum 72 hours after parturition

Asp Met  Thr Ser Glu Pro Gly Ala

Val Ile Leu Tyr Phe His Lys Arg

Cys 0.815 0.736 0.824 0.786 0.940 0.916 0.950 0.878 0.914 0.938 0.952 0.907 0.004* 0.995 0.938 0.995
Asp - 0.958 0.942 0.655 0.811 0.958 0933 0.791 0.941 0.890 0.903 0.635 -0.487 0.840 0.922 0.845
Met - 0.863 0.575 0.685 0.867 0.855 0.650 0.821 0.824 0.793 0.564 -0.434 0.757 0.802 0.753
Thr - 0.850 0.756 0.974 0.958 0.709 0.933 0.793 0.864 0.546 -0.342 0.820 0.945 0.872
Ser - 0.592 0.807 0.842 0.488 0.732 0.577 0.678 0.474 0.161 0.732 0.800 0.824
Glu - 0.883 0.888 0.988 0.934 0970 0.981 0.933 -0.170 0.966 0.925 0.936
Pro - 0.993 0.844 0986 0.907 0956 0.717 -0.298 0.921 0.990 0.946
Gly - 0.834 0.971 0913 0954 0.758 -0.185 0.948 0.986 0.973
Ala - 0915 0.951 0.961 0904 -0.275 0918 0.891 0.876
Val - 0.935 0.982 0.767 -0.345 0.932 0.994 0.941
Tle - 0.978 0.915 -0.229 0.967 0.920 0.930
Leu - 0.872 -0.250 0.973 0.975 0.961
Tyr - 0.105 0.925 0.769 0.868
Phe - -0.034 -0.254-0.001
His - 0.944 0.989
Lys - 0.964
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of cases, and all were positive. Therefore an increase in
the content of one amino acid was accompanied by an
increase in the contents of all other amino acids.
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Milk and blood as alternative sources of mRNA for studies
of genetic polymorphism of alpha S1 casein in goats

Miléko a krev jako alternativni zdroje pro studium genetického
polymorfismu alfa S1 kazeinu u koz

M. TOKARSKA', D. Szumska! B. KOSOWSKAI, T Donoszz, Z. ZDROJEWICZ®

4 Department of Genetics and Animal Breeding, Agricultural University, Wroctaw, Poland
zDepartment and Institute of Forensic Medicine, Medical Academy, Wroctaw, Poland
3Department and Clinic of Endocrinology and Diabetology, Medical University, Wroctaw, Poland

ABSTRACT: Caprine aS1 casein gene polymorphism is responsible for quality of main processing parameters of milk,
related with casein and protein content, processing quality and cheese flavour. The main 7 alleles are divided into 4 groups:
strong alleles (which code 3.6 g/1), medium allele (1.6 g/l), weak alleles (0.6 g/1) and null allele, associated with lack of
aS1 casein in milk. Milk mononuclear cells (MNC) and peripheral blood mononuclear cells (PBMC) of 16 goats were
used as a source of mRNA of aS1 casein gene. Complementary DNA (cDNA) was obtained from both, milk and blood
sources using RT-PCR. Specific primers allowed to distinguish strong alleles (4, B, C) from weak alleles (D, E) and me-
dium allele (E), since allele F has 111 bp deletion (exons 9-11), allele D deletion of 33 bp (exon 9) and allele E is asso-
ciated with 457 bp insertion in exon 19. Identical results obtained using both, somatic cells of milk and peripheral blood
leukocytes indicate that they may be used alternatively as mRNA sources for genetic polymorphism analyses of aS1
casein gene in goats, The disadvantage was a failure to isolate mRNA from either milk or blood collected in June-October.

Keywords: polymorphism; aS1 casein; cDNA; goats; PCR.

ABSTRAKT: Geneticky polymorfismus aS1 kazeinu u koz uréuje kvalitu hlavnich zpracovatelskych parametri mléka
v souvislosti s obsahem kazeinu a bilkovin, zpracovatelskou kvalitu a chut’ syra. Hlavnich sedm alel se rozdéluje do &tyf
skupin: silné alely (které koduji 3,6 g/l), stiedné silnd alela (1,6 g/l), slabé alely (0,6 g/l) a nulové alela souvisejici
s absenci aS1 kazeinu v mléce. Jako zdroj mRNK genu aS1 kazeinu jsme pouzili mononuklearni buiiky mléka (MNC)
a mononuklearni buiiky periferni krve (PBMC) od 16 koz. Komplementirni DNK (cDNA) jsme ziskali z mléka i z krve
za pouziti metody RT-PCR. Specifické primery umozZnily rozlisit silné alely (4, B, C) od slabych alel (D, E) a stfedné
silné alely (E), protoZe alela F vykazuje deleci 111 bp (exony 9-11), alela D deleci 33 bp (exon 9) a alela E je spojovand
s inzerci 457 bp v exonu 19. Shodné vysledky, které jsme ziskali pfi pouziti jak somatickych bunék mléka, tak leukocyti
periferni krve naznaduji, Ze je lze pouZivat alternativné jako zdroje mRNK k analyzidm genetického polymorfismu genu
aS1 kazeinu u koz. Nevyhodou bylo to, Ze se nepodafilo mRNK izolovat z mléka ani z krve, které byly odebriny
v obdobi ¢erven-fijen.

Klitovi slova: polymorfismus; aS1 kazein; cDNK; kozy; PCR

INTRODUCTION casein content in milk (3.6 g per litre); allele £ — “me-
dium” is associated with 1.6 of casein per litre; alleles
“weak” — D, F — code 0.6 g/]; allele 0 is responsible for

lack of aS1 casein in milk.

It is already well known that genetic polymorphism of
caprine aS1 casein gene determines casein and overall

protein content, fat content, curd strength and cheese
flavour. The main seven aS1 casein alleles determine dif-
ferent expression levels, thus they are assigned to 4 groups.
Alleles (4, B, C), called “strong” determine high aS1

Reported molecular analyses and genotyping of ca-
prine aS1 casein gene in milking goats have been per-
formed mostly by milk-isolated proteins electrophoresis
(Grosclaude et al., 1987). Buck genotyping is based on
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DNA isolated from peripheral blood leukocytes using
Restriction Fragment Length Polymorphism (RFLP)
method (Leroux et al., 1990). Some analyses of the
structure and sequence of the gene were performed on
mRNA isolated from mammary gland cells, collected both,
intra vitam and post mortem, using a biopsy method
(Leroux et al., 1992; Pérez et al., 1994). Biopsy is an in-
vasive and anaesthetic usage requiring method; quaran-
tine time can be an additional problem in genotyping
milking goats and when performed post mortem, it has
obviously no selection meaning.

Analysing the polymorphism of a:S1 casein at mRNA
(cDNA) level is easier than at DNA level since differences
between strong and weak alleles concern distinct dele-
tions of 33 to 111 bp in aS1 casein mRNA instead of
point mutations and presence of long intron sequences in
genomic DNA, As reported by Tokarska et al. (1999),
somatic cells of goat milk are also a source of aS1
casein mRNA. Although collecting milk is easy and
non-invasive, genotyping analyses based on milk can be
performed only for milking, adult females. Though the
transcription of aS1 casein gene in blood cells seems
improbable, it seemed important to check whether
mRNA can be obtained from blood leukocytes as well.

MATERIAL AND METHODS
Material

Blood and milk samples were collected from 16 goats
(Saanen and colour breeds) of previously determined
aS1 casein genetic variants (Tokarska et al., 1999) com-
ing from private farms in the Lower Silesia region. Ap-
proximately 50 ml of milk and 9 ml of peripheral blood
on EDTA were collected.

Methods

Isolation of mRNA. Total RNA from both sources
was isolated using the same, Gibco BRL procedure,
based on TRIzol Reagent.

Procedure. Samples were pelleted by centrifugation.
Cells were lysed with TRIzol by repetitive pipetting and
incubated 5 min at room temperature. Then 0.2 ml of
chloroform per each 1 ml of TRIzol was added. After
15s shaking samples were incubated at room tempera-
ture for 3 min and then centrifuged for 15 min at 3°C
(max. 12 000 x g). The upper-water phase was transferred
to another tube, and 0.5 ml of isopropylalcohol was
added per each 1 ml of TRIzol Reagent used. Samples
were incubated for 10 min and centrifuged for 10 min at
5°C (max. 12 000 x g). Supernatant was removed, pellet
was washed with 75% ethanol and centrifuged for 5 min
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(max 7500 x g) at 5°C. RNA pellet was briefly dried
(in vacuum-dry) for 10 min. RNA was dissolved in de-
ionised water including 2% DEPC and incubated for 5 min
at 60°C.

Reverse transcription. The presence of total RNA in
isolated samples was checked using 1.0% agarose electro-
phoresis. Stratagene RT-PCR kit was used for reverse
transcription. The reaction was performed on PTC 100
(MJ Research) cycler.

Obtained ¢cDNA of caprine S1 casein was amplified,
using a pair of specific primers: F1/R3, described by
Tokarska et al. (1999), of the following sequences:

F1: 5— GAC AAC CAT GAA ACT TCT CAT CC-3’,
R3: 5~ CTT ACA GGA GAG GTG ATT CAA AG-3’.

Product of F1/R3 amplification covers almost the whole
length of the transcript, including deletions in alleles D,
F and G and allele E-insertion. We performed a com-
puter search for identity of the primer sequences with
known sequences in GenBank and it showed no homo-
logy with any other sequences of goat genome than aS1
casein gene.

All PCR reactions in this study were performed on
PTC 100, MJ Research cycler, using the following con-
ditions: 94°C/120 s, 30x(94°C/60 s, 68°C/30 s, 72°C/45 s),
72°C/420 s (Tokarska et al., 1999).

Agarose electrophoresis. PCR products were analysed
by electrophoresis in 1.5% agarose gels (3/4 of Sea
Kem® Le Agarose and % of NuSieve®RGTG®Agarose)
in 0.5% TBE; 180 V for 45 min. Visualisation was car-
ried out using GelDoc 2000 system (BioRad).

RESULTS

It has to be underlined that we failed in attempts to iso-
late aS1 casein mRNA from either milk or blood col-
lected during summer and autumn months (June—
October). Thus we collected samples starting soon after
parturition until May.

In this study only strong alleles and weak allele F
were detected. It might be due to the small and related
population of goats used for analyses. After amplifica-
tions of aS1 casein cDNA with primers F1 and R3, we
expected 1002 bp fragments for strong alleles and 890 bp
for allele F. Allele D (not detected in this study) results
in approximately 969 bp band.

Figures 1A and 1B present results of amplification of
cDNA isolated from milk somatic cells of goats while
Fig. 2 shows results of analogous amplification, but per-
formed on cDNA isolated from blood leukocytes of the
same goats.

In all figures, heterozygotes carrying strong allele and
allele F are described as S/F, while strong homozygotes
as §/S. Strong alleles were not differentiated because
each of them codes the same, high, amount of protein.
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After amplification, we obtained a single PCR product  matic cells and blood gave identical results for all analysed
of 1 002 bp for strong homozygotes S/S and two PCR  goats, which is shown in Figs. 1A, 1B and 2.

products of 1 002 and 890 bp for heterozygotes S/F. The band sizes (bp) were analysed using QuantityOne
Analysis of cDNA obtained from both sources, milk so-  ®Quantitation Software (BIO-RAD).

PCR
<—— product sizes

[bp]
Figure 1A. Agarose electrophoresis of FI/R3
PCR products, performed on cDNA isolated
TG -3 s A from milk somatic cells of goats. Size marker:
1 2 3 4 5 6 71 M 8 9 10 < Goatnumber [ambda DNA/Eco471 (dva 1) Marker 13

SIF S/F SIF SIF SIS SIF SIF S/S SIS SIS 4—— Genotype (MBI Fermentas)

PCR
<4 product sizes
[bp]
- : - . - Figure 1B. Agarose electrophoresis of F1/R3
11 12 13 M 14 15 16 <4 Goatnumber  pcp products, performed on cDNA isolated
SIS SIS SIF NAY S/Is SIF < Genotype from milk somatic cells of goats

TR A IR
PCR
<4 product sizes
[bp]
123 4MS5 617 8 9 10 11 M12 13 14 15 16 <4—— Goat number
SIF SIF SIFSIF SIS SIFSIF SIS SIS SIS SIS S/SSIFSSS SIS SIF  <—— Genotype

Figure 2. Agarose electrophoresis of FI/R3 PCR products, performed on cDNA isolated from blood somatic leukocytes of the same goats.
Size marker: EZ load ™ 100 bp Molecular Ruler (BIO-RAD)
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DISCUSSION

As it was stated above, only strong alleles and weak
allele F were detected in this study. It might be due to
the small and related population of goats used for analy-
ses. According to Tokarska et al. (1999), additional am-
plifications should be performed to distinguish medium
allele E, which seems comparatively hard to detect due
to its spacial conformation and thus threefold lower
amount of its transcript (Pérez et al., 1994).

Detection of genetic variants of aS1 casein in milk
type breeds of goats is much more important than in any
other domestic animals, since they determine milk pro-
cessing parameters and sensory value of goat milk
(Barbieri et al., 1995; Remeuf, 1993; Vassal et al., 1994,
Delacroix-Buchet et al., 1996).

Different sources of genetic information have been
used for genotyping of goat aS1 casein. Usually reported
methods of detection of aS1 casein allele variants gener-
ally concerned protein analysis (Grosclaude et al., 1987)
or RFLP variants based on genomic DNA (Leroux et al.,
1990; Manfredi et al., 1995; Ricordeau et al., 1995).

Milk protein electrophoresis method (Grosclaude et
al., 1987), followed by visual estimation of the amount
of aS1 casein, used for adult females genotyping is the
most widely used method for genotyping milking goats.
Though it is comparatively easy to perform, but the results
may be easily over- or underestimated. Protein electro-
phoresis method, though easy to perform, thus widely
used, may be deceptive (Tokarska et al., 1999). Geno-
typing of bucks relies on RFLP analysis of blood-iso-
lated genomic DNA. The method requires the use of
numerous restriction enzymes necessary for each geno-
typing (Leroux et al., 1990) whilst it is still impossible
to differentiate “weak™ allele D.

Initially we tried to use an easy-to-collect source of
DNA, which are hair bulbs. The studies continued, but
a general problem arose: short stability of DNA isolated
according to Chellex (BIO-RAD) protocol, which is recom-
mended for isolation of genomic DNA from hair bulbs
(Walsh et al., 1991). Due to the presence of long intron
sequences in genomic DNA, and the above mentioned
fact that differences between strong alleles (4, B, C) and
weak alleles (D, F) concern exclusively single point muta-
tions we decided to concentrate on atS1 casein transcript.

Differences between the main forms of aS1 casein al-
leles at mRNA (cDNA) level are easier to perceive, since
they do not differ in single nucleotides, as at the ge-
nomic DNA level, but in noticeable deletions (allele F:
111 bp, D: 33 bp, G: 39 bp) and a long insertion in £ al-
lele. Allele 0, at cDNA level is associated with long de-
letion of approx. 8 kb at 3’ end (Martin and Addeo, 1995).

The method described by Tokarska et al. (1999) gives
a possibility of using blood and milk mononuclear cells
as alternative sources of mRNA for aS1 casein variant
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studies and allows to avoid invasive mammary gland bi-
opsy in order to obtain S1 casein mRNA for analyses.

The presence of a:S1 casein mRNA in milk is related,
as we may guess, with the presence of mammary glands
cells, but we also found, quite unexpectedly, that aS1
casein gene might express not only in mammary gland cells
but also in blood via peripheral blood mononuclear cells.
The presence of aS1 casein transcript in blood leuko-
cytes brings about a possibility of detection of the gene
polymorphism also in young females. Furthermore, since
Szumska (1999) ascertained the presence of ®S1 casein
transcript in buck blood, it may serve as a source of &S|
casein mRNA in buck genotyping.

The main problem which occurred during two years
of analyses was that all attempts of receiving RT-PCR
products from samples collected during summer and au-
tumn months (June—October) failed, while from samples
collected during the first months of milking period (Janu-
ary-March) stable cDNA was regularly obtained. The
problem concerned both milk and blood samples.

The results received by using both methods show that
somatic cells of milk and peripheral blood leukocytes
may be used as alternative sources of mRNA for analy-
ses of genetic polymorphism of aS1 casein gene in goats
and thus, what seems quite probable, also for other milk
protein genes.
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Calcium, magnesium and phosphorus retention in young chicks
Retence vapniku, hot¢iku a fosforu u mladych kufat

J. ZELENKA, E. FAIMONOVA

Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno, Czech Republic

ABSTRACT: Utilisation of calcium, magnesium and phosphorus was examined in broilers and laying type cockerels
from Day 3 to Day 22. Differences between the individuals birds with and without deutectomy were also studied. Utilisa-
tion of Ca and Mg increased very quickly and reached its maximum at 14 days of age. In intact chicks coefficients of
apparent phosphorus retention decreased (P < 0.01) during the whole experiment while in deutectomized ones they in-
creased till the age of 13 days; thereafter, a decrease was recorded. Retention of calcium per 1 g of weight gain in chicks
with and without yolk sacs increased till Day 16-17 and during the whole experimental period (P < 0.01), respectively.
Content of magnesium in weight gains increased and culminated on Day 13-14. Concentration of phosphorus in weight
gains in chicks with and without yolk sacs increased till Day 14 and till the end of experiment, respectively. Differences
in Ca, Mg and P retention per unit of weight gain in laying type hybrids and in broiler chicks were not significant (P > 0.05).

Keywords: chick; calcium; magnesium; phosphorus; retention of macrominerals

ABSTRAKT: U kohoutkli masného a nosného typu jsme od 3. do 22. dne Zivota sledovali vyuzZiti vapniku, hofEiku
a fosforu. Zjidtovali jsme také rozdily mezi deutektomovanymi kufaty a kohoutky s ponechanymi Zloutkovymi vaky.
Vyuziti Ca a Mg se velmi rychle zvySovalo a dosdhlo maxima ve 14 dnech véku. Koeficienty bilanéni retence fosforu se
u intaktnich kufat béhem celého experimentu sniZovaly (P < 0,01), zatimco u deutektomovanych kufat do v&ku 13 dni
vzristaly a teprve potom zadaly klesat. Retence vapniku v pfirlistku Zivé hmotnosti se u kufat se Zloutkovymi vaky zvy-
Sovala do 16.—17. dne a u deutektomovanych kufat béhem celého sledovaného obdobi (P < 0,01). Po&ateéni rist koncen-
trace hof¢iku v pfirlstcich kulminoval ve 13.—14. dni Zivota. Koncentrace P v pfiriistcich se u intaktnich kufat zvySovala
pouze do 14. dne, zatimco u deutektomovanych kufat az do konce na$eho sledovani. Rozdily v retenci Ca, Mg a P
na jednotku pfiristku Zivé hmotnosti u kufat masného a nosného typu nebyly pritkazné (P > 0,05).

Klifova slova: kufata; vapnik; hoféik; fosfor; retence makroprvki

INTRODUCTION

For the formulation of starter feed mixtures for chicks
it is necessary to know what changes in nutrient utilisation
take place during the period of early growth. We have
not found any references to daily changes in macromineral
utilisation within the first days of postembryonal life.

In case that the level of calcium in feed is sufficient,
intensity of its absorption is determined above all by the
animal’s requirement. In an experiment conducted by
Zelenka (1991a), the effect of chicken age on calcium
utilisation was studied in 240 balance experiments with
chicks receiving a practical type of feed mixture containing

6.8 or 8.4 g of Ca per 1 kg of dry matter from the 12th
to the 56th day of age. The linear decrease in utilisation
of Ca originating from a feed mixture with the higher
level of this element was highly significant during the
whole experimental period. On the other hand, utilisation
from a mixture with the suboptimum level of Ca in-
creased gradually with the increasing age until the
amount of retained Ca was equal to that from the mixture
rich in Ca; thereafter, it began to decrease untill the end
of experiment. This suggests that the organism adapted
itself gradually to the utilisation of Ca in dependence on
a different supply of this element to satisfy the total Ca
requirement.

This study was supported by the Ministry of Agriculture of the Czech Republic (Grant No. 6186/96).
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In our previous experiment (Zelenka, 1992), the per-
centage of utilisation of magnesium from feed mixtures
decreased with the increasing age of chickens but the
content of Mg in weight gains increased highly signifi-
cantly during the whole fattening period from the 12th
day of age to the end of fattening. The increase was lin-
ear.

The intensity of P retention depends on the require-
ments of the chicks. Phosphorus requirement decreases
with increasing age of chicks (Simons, 1979). In our an-
other experiment (Zelenka, 1987), the retention of P per
unit of weight gain highly significantly decreased with
age when the feed mixture was rich in this element (6.5 g
per kg dry matter) while when feed contained only 5.1 g
of P per 1 kg of dry matter the concentration in weight
gains did not change.

MATERIAL AND METHODS

Effect of age on the apparent calcium, magnesium
and phosphorus retention was investigated within subse-
quent one-day balance periods using 182 Isa Brown laying
type cockerels and 52 Ross 208 meat type intact (YS+)
male chicks. In 87 Isa Brown birds, yolk sacs were re-
moved immediately after hatching (YS-) while the re-
maining 95 cockerels were intact (YS+). In Isa Brown,
observations were carried out from the time of hatching
to the end of experiment on Day 22. In Ross 208, obser-
vations covered the period from Day 1 of age to Day 22.
For details about the environment including the compo-
sition of the diet see our paper about fat digestibility and
nitrogen retention (Zelenka et al., 2000). The diet con-
tained 8.63 g Ca, 0.60 g Mg and 6.16 g P per kg. The feed
was supplied ad libitum. The coefficients of utilisation
of macrominerals under study were estimated using the
chromic oxide indicator method. The content of chromic
oxide in feed and freeze-dried excreta was estimated
iodometrically (Mandel et al., 1960). Calcium, magnesium
and phosphorus were estimated after dry mineralization
(APION, Tessek Prague, Ltd., 25°C — 400°C, oxidative
medium O; + NO,), Ca and Mg by the flame atomic ab-
sorption spectrometry using Varian SpectrAA-30 Atomic
Absorption Spectrometer at wavelengths 422.7 nm (Ca)
and 202.6 nm (Mg) and P spectrophotometrically as
vanadate yellow at wavelengths 430 nm (Regulation
No. 222/1996 of the Czech Ministry of Agriculture). There
were three replications in each determination. The dif-
ferences between parallel estimations were lower than
3 relative per cent. Our results on reference materials (feed
mixtures for poultry for interlaboratory tests of the Cen-
tral Institute for Supervising and Testing in Agriculture)
were in agreement with certified values. The recoveries
for Ca, Mg and P were 91.21 + 1.477, 86.33 £ 0.425 and
97.98 + 0.866 per cent, respectively (mean =+ standard
error of the mean; 20 determinations).

The amount of consumed feed from which elements
deposited in the body originated was calculated on the ba-
sis of chromic oxide concentration in feed mixture and
excreta and the amount of quantitatively collected excreta.
The contents of Ca, Mg and P in the live weight gain (mg/g)
were calculated using feed intake determined by the
method described above, contents of macrominerals in the
diet, coefficients of its utilisation and last day weight gain.

The regressions of determined values were computed
according to Snedecor and Cochran (1967).

RESULTS AND DISCUSSION

Surgically removed yolk sacs contained 32.5 mg Ca,
2.1 mg Mg and 9.4 mg P on the average.

In all Isa Brown chicks, more Ca, Mg and P was found
in the excreta than was the intake of these elements on
the first day after hatching. The same was observed in
deutectomized chicks (YS-) with P on Day 2 of age. Isa
Brown YS+ birds excreted more Ca and Mg and less P
than Isa Brown YS- (Tab. 1).

The mean values of macromineral apparent retention
coefficients and retention per one gram of weight gain
are presented in Tab. 2. Dependences of the above values
(Y) on the age of chicks in days (X) within the period of
Day 3 to Day 22 were expressed by means of linear re-
gression equations and the 2nd degree parabola equa-
tions. The reduction in the sum of squares of deviations
was tested against the mean square remaining after cur-
vilinear regression by F-test (Snedecor and Cochran,
1967). In case that the reduction was significant, param-
eters a, b and ¢ of the parabol equation were presented
in Tab. 2. When the deviation from linearity was insignifi-
cant, parameters a and b of linear regression were pre-
sented.

Dependence of coefficients of apparent calcium reten-
tion on the age of chicks was significant and expressed
by means of the 2nd degree parabolas with maxima on
Day 14-15 (Fig. 1). The content of Ca in the diet was ex-
cessively high from this age and that was the reason why
the utilisation decreased similarly like in our previous
experiment (Zelenka, 1991a) when rich-in-Ca diet was fed.

Vogt et al. (1985) reported that the newly hatched
chick contained 4.3 mg Ca and a broiler at the age of
3 weeks 6.8 mg Ca per 1 g of live weight. In our experi-
ment the retention of Ca per | g of weight gain in chicks
with yolk sacs increased till Day 16-17 and in deutectomized
chicks during the whole experimental period from Day 3
to Day 22 (Tab. 2). The average contents of Cain 1 g
of weight gain of broilers, laying chicks YS+ and laying
chicks YS— were 5.48 + 0.314, 6.48 + 0.474 and
6.73 £+ 0.578 mg, respectively. The differences between
the groups of chicks were not significant (2 > 0.05).

Utilisation of magnesium increased very quickly since
the beginning of postembryonal life (Fig. 2). At the age
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Table 1. Intake and tion of calci gnesium and phosphorus
Intake in mg Excretion in mg
Element Age of chicks in days
Isa Brown Ross 208 Isa Brown Ross 208

YS+ YS- YS+ YS+ YS- YS+

1 0.5 0.2 - 34 0.3 -
) 2 5.9 35 23.1 4.1 1.6 13.6
Calcium 3 19.6 15.0 69.7 123 11.2 455
4 32.0 22.8 95.0 19.3 12.2 56.4

1 0.1 0.05 - 0.6 0.3 -
X 2 143 0.9 59 14 0.7 4.6
Magnesium 3 5.0 3.8 17.7 4.4 2.6 14.1
4 8.1 5.8 242 6.2 4.0 16.3

1 0.4 0.1 - 0.4 33 -
2 4.6 2.8 18.0 1.9 3.5 8.0
Phosphorus 3 153 11.7 54.5 7.9 8.9 29.0
4 25.0 17.8 743 14.1 13.5 45.0

YS+ = chicks with yolk sacs
YS- = deutectomized chicks

of 14 days, it was the highest and more than 50 and 46 per
cent of consumed Mg was retained in the body of intact
and deutectomized chicks, respectively. Thereafter,
a marked decrease could be observed that was followed
by a period of stabilized values ranging between 12 and
33 per cent. This marked decrease in Mg utilisation, as

Table 2. Apparent retention of calcium, magnesium and phosphorus

observed at the beginning of the third week of age, is
difficult to explain; however, the same phenomenon was
also observed in our earlier experiment with Mg utilisation
in 16 groups of broilers in three-day balance periods at
the age of 12 to 56 days of life. The measured values
were 38.34 & 1.559 and 26.39 + 1.040 per cent in the first

Mean and regression equation

Mecan + standard
error of the mean

Y=a+bX(+cX?)

a b c r P Xow Y
Isa Brown YS+  47.81 + 1.867 274  3.52 -0.1242 0.538 <0.05 142 5228
Calcium Isa Brown YS—  45.50 + 1.681 19.9 4.26 -0.1462 0.760 <0.01 146 5099
Ross 208 YS+  47.85+1.222 275 3.6l -0.1310 0816 <0.01 13.8 5242
Cocfiicients Isa Brown YS+  32.32 +2.875 05 7.38 -0.3185 0.800 <0.01 11.6 43.18
of retention  Magnesium IsaBrown YS- 3138£2.138 251 2.81  -0.1520 0.782 <001 92 38.06
Ross 208 YS+  37.07+2.155 159 5.17 -0.2293 0.801 <0.01 113 45.04
Isa Brown YS+ 3599+ 1543 48.0 -096** - 0.821 >0.05 - -
Phosphorus Isa Brown YS-  30.15+ 1454 107 3.70 -0.1414 0.678 <0.01 13.1 34.90
Ross 208 YS+ 3794 £1.504 478 -0.79** - 0.696 >005 - -
Isa Brown YS+ 6480474 -1.11 1.180 -0.037785 0.851 <0.01 156 8.10
Calcium (mg) Isa Brown YS- 6.73 + 0.578 2.18  0.364** - 0834 >005 - -
Ross 208 YS+ 548 +0.314 0.25 0764 -0.022785 0.954 <0.01 16.8 6.65
Retention per 1 g ) Isa Brown YS+ 1.12£0.122 -0.68 0.360 -0.014271 0.794 <0.01 12.6 1.60
of weight gain Magnesium (mg) Isa Brown YS— 1.10 £ 0.067 0.40 0.134 -0.005147 0.535 <0.05 13.0 1.27
Ross 208 YS+ 1.06 + 0.070 -0.09 0.216 -0.008184 0.818 <0.01 13.2 1.34
Isa Brown YS+ 3.64 £0.211 0.41 0.601 —0.022592 0.762 <0.01 133 4.40
Phosphorus (mg) Isa Brown YS— 343 £0.273 1.56 0.150** - 0.725 >0.05 - -
Ross 208 YS+ 3.30 £ 0.156 090 0434 -0.015966 0.756 <0.01 13.6 3.85
X = age in days r = correlation coefficients ** signifi of linear regr (P<0.01)
a, b, c. = parameters of equation P = signifi of the d from linearity
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Figure 1. Calcium retention

(Days 12 to 14) and the second (Days 15 to 17) balance pe-
riods, respectively; the difference was highly significant
(P <0.001; Zelenka, 1992).

In the present experiment, the difference in Mg utili-
sation in chicks of different genotypes was not significant
(P>0.05).

Vogt et al. (1985) mentioned that immediately after
hatching chicks contained 0.24 mg Mg per 1 g of live
weight. In our experiment Mg content in live weight
gains increased gradually from initial ca 0.27-0.75 mg/g
to maximum values of 1.27-1.60 mg/g which were ob-
served on Day 13 or 14. During the following two or three
days these values decreased to a lower level and ranged
about 0.9 mg/g of weight gain till the end of experiment.

Chickens with a lower growth rate accumulated sig-
nificantly (P < 0.001) more Mg per unit of weight gain
than those with a higher growth rate in an experiment
conducted by Zelenka (1991b). In the present experiment,
the contents of Mg in weight gains were practically the

50 4

20 1

Coefficient of apparent magnesium retention

~&— [sa Brown YS+
-.0.-Isa Brown YS- o
107 -4 - Ross 208 YS+
0 - . . . —
0 5 10 15 20 25
Age in days

Figure 2. Magnesium retention

same in chicks of laying hybrid combination and in
faster-growing broiler chicks.

In deutectomized chicks, utilisation of P was highly
significantly (P < 0.01) lower (30.15 + 1.454 per cent)
than in intact birds of hybrid combination Isa Brown
(35.99 £ 1.543 per cent) and Ross 208 (37.94 + 1.504 per
cent). Deutectomy probably disturbed the mechanism of
phosphorus absorption from feed and its excretion.
Through active absorption the percentage of absorbed P
increases in response to an increased demand for P
(McDowell, 1992). In our experiment retention of P in-
creased till the age of 13 days and then it began to decrease
in chicks without yolk sacs (Fig. 3). In intact chicks, utili-
sation of phosphorus decreased in the whole experimen-
tal period from Days 3 to 22 of age, in Isa Brown by
0.96 per cent and Ross 208 by 0.79 per cent daily. The de-
crease was highly significant (P < 0.01). In our another
experiment (Zelenka, 1985), retention also highly sig-
nificantly decreased in the period of Day 12 to Day 56.
The dependence of phosphorus utilisation on age was
expressed by the sloping part of convex parabola.

The level of dietary phosphorus in the present experi-
ment was not probably sufficient for chicks without yolk
sacs till Day 14 and for that reason the utilisation of this
element was increased through active transport. Phos-
phorus requirement decreases with the increasing age of
animals and this is the reason why the utilisation of dietary
P in older chicks decreased. Cockerels without deutectomy
have phosphorus at their disposal not only from the feed
but also extra phosphorus from the yolk sac; therefore
the utilisation of P in connection with declining require-
ment decreased for the whole period under study.

The dependence of P contents (mg) per 1 g of weight
gain on age (in days) was expressed by the second degree
parabolas for intact chicks

Ross 208 Y =0.90 + 0.434 X - 0.015966 X*; r = 0.756;
P<0.01 and

£
g 45
s
2
B
g
S 25 s ~ - +Isa Brown YS- \\
§ I,/ ----Ross 208 YS+
é —— Isa Brown YS+
8 s ; ; ;
0 5 10 15 20 2
Age in days

Figure 3. Phosphorus retention
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Isa Brown Y=0.41 + 0.601 X — 0.022592 X*; r = 0.762;
P<0.01
with maximum values on Day 14 of age. A parabolic de-
pendence of phosphorus retention on age confirmed the
results of an experiment carried out by Jermenkov and
Kharukchijeva (1978), who observed the incorporation
of labelled phosphorus into RNA of chicken liver cells.
Incorporation increased from Day 10 till Day 17 and
thereafter went down. The content of P in deutectomized Isa
Brown cockerels linearly increased by 0.15 per cent
daily; this increase was highly significant (P < 0.01).
The difference in average contents of P in live weight
gains in laying type hybrids (3.64 + 0.211 mg/g) and in
broiler chicks (3.30 + 0.156 mg/g) was not significant
(P > 0.05). In our previous experiment (Zelenka, 1988),
chickens with a lower growth rate accumulated signifi-
cantly (P < 0.01) more P per unit weight gain than those
with a higher growth rate. Different strains or breeds of
poultry have different requirements for certain nutrients.
The Leghorn chick was found by McDowell (1992) to
have a higher requirement for P than does the broiler chick.
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Efect of dietary protein: fat ratios on metabolism, body composition
and growth of juvenile pikeperch, Stizostedion lucioperca (L.)

Vliv poméru dusikatych latek a tuku v krmné smési na metabolismus,
sloZeni téla a rust juvenilniho candata, Stizostedion lucioperca (L.)

Z. ZAKES’, M. SZKUDLAREKl, M. WOZNIAKZ, A. KARPINSKI’, K. DEMSKA-ZAKES?

"The Stanislaw Sakowicz Inland Fisheries Institute, Olsztyn-Kortowo, Poland
2 University of Varmia and Mazuria, Olsztyn-Kortowo, Poland

ABSTRACT: The effects of diet composition (commercial trout feeds: 42.2-52.5% protein, and 14.0-22.0% fat) on
growth rate, oxygen consumption, ammonia excretion and body composition were examined in juvenile pikeperch (initial
total length 16.5 cm, and body weight 42.5 g) reared in a water recirculation system for 28 days from day 128 to 156 post-
hatch. There were no significant differences in fish growth, condition, ammonia excretion (AE) and ammonia quotient
(AQ) between the experimental groups (P > 0.05). Mean oxygen consumption (OC) was within the range
195.50-211.14 mg O,/kg/h, and the differences between the groups were statistically significant (P < 0.05). Dietary pro-
tein concentration had no significant effect on the protein concentration of the fish, but dietary fat concentration had
a significant influence on the fat concentrations in the fish (P < 0.05), which ranged from 6.6 to 8.5% of pikeperch body
wet-weight.

Keywords: Stizostedion lucioperca L. (Percidae); metabolism; body composition; growth; nutritional status

ABSTRAKT: Vliv sloZeni krmiva (komeréni krmiva pro pstruhy: 42,2 az 52,5 % dusikatych latek a 14,0 az 22,0 % tuku)
na intenzitu riistu, spotiebu kysliku, vylugovani amoniaku a sloZeni téla jsme sledovali u juvenilniho candéta Stizostedion
lucioperca (L.), o po&ate¢ni celkové délce 16,5 cm a t&lesné hmotnosti 42,5 g. Odchov probihal za recirkulace vody
po dobu 28 dni mezi 128. a 156. dnem po vylihnuti. Mezi pokusnymi skupinami (P > 0,05) jsme nezjistili Zadné
vyznamné rozdily v riistu a vyZivenosti ryb, vylu€ovani amoniaku (AE) a koeficientu amoniaku (AQ). Primérna spotfeba
kysliku (OC) se pohybovala mezi 195,50 az 211,14 mg Oy/kg/h. Rozdily mezi jednotlivymi skupinami byly statisticky
vyznamné (P < 0,05). Koncentrace dusikatych litek v krmivu neovlivnila vyznamné koncentraci dusikatych latek v téle
ryb, ale koncentrace tuku v krmivu méla vyznamny vliv na koncentraci tuku v rybach (P < 0,05), ktera se pohybovala
od 6,6 do 8,5 % télesné hmotnosti candata v &erstvé hmoté.

Klitovi slova: Stizostedion lucioperca L. (Percidae); metabolismus; sloZeni téla; nutriéni stav

INTRODUCTION culture in the future, but it is not expected that feeds will

be formulated specially for the species in the first in-

Many carnivorous fish, such as salmonids (Onco-
rhynchus spp.) grow well when about half of the energy
contained in the food is supplied as protein, whereas the
protein requirements of commercially important omnivo-
rous fish species, such as carp, Cyprinus carpio (L.) and
tilapia (Oreochromis spp.), are lower, and rapid growth
of these fish may be ensured when diets contain 30-40%
protein (Jobling, 1994).

Pikeperch, Stizostedion lucioperca (L.), is a carnivo-
rous species that may become the object of intensive aqua-

stance. Thus, an early step in initiating culture of this
fish is to examine the possibility of using feeds produced
for other species, such as salmonids. Trout pellets may
be used to raise 0+ pikeperch (Zakes and Demska-
Zakes, 1998), and pikeperch reared on commercial trout
feeds for 720 days, in a water recirculation system, at-
tained weight in excess of 1 kg (Zakes et al., unpubl.
data).

The objective of this study was to examine the feasi-
bility of using commercial trout feeds to rear juvenile
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pikeperch, using assessments of growth rate, metabolism
and body composition as performance criteria.

MATERIAL AND METHODS
Source of fish and rearing conditions

Pikeperch fry obtained by the artificial spawning of
broodstock (—2.5 kg; 28-1.0-1.5 kg) held at the “Dgal”
Hatchery of the Inland Fisheries Institute, Olsztyn (lo-
cated in Mazuria, northern Poland) were reared on a mixed
food (formulated diet + Artemia sp.) for three weeks,
and on trout pellets thereafter.

On day 123 post hatch (D123) groups of 51 fish were
stocked into 0.2 m’ tanks within two independent water
recirculation systems. Water flow was established at
4 L/min (exchange rate 1.2/h), and temperature was
21.7+0.1°C. The tanks were exposed to continuous light,
and intensity just above the water surface was 40-50 Ix.
Replicated tanks of fish were provided with one of the
three commercial extruded trout feeds (pellet size 2 mm).
The feeds differed as regards chemical composition, al-
though gross energy was calculated to be similar
20.1-22.6 MJ/kg (Tab. 1). Feeds were distributed at a rate
of 1.5% tank biomass using automatic band feeders for
18 hours daily (09.00-03.00 hours). The daily feed ra-
tion was expected to be in excess of consumption, and
this was confirmed by the observation of feed waste.
Feeds were introduced for an adaptation period of five
days, during which it was observed that the feeds were
readily consumed. The experiment, which lasted for four
weeks, was initiated on day 128. Mean body weight of
the fish at the start of the experiment was 42.5 g, and total
length was 16.5 cm (Tab. 2), and stocking densities were
10.6 kg/m® (diet C) to 10.8 kg/m® (diet A). Fish tanks were
cleaned every day, an hour before feeding commenced
(08.00 hours). Water quality was monitored every day.
Total ammonia nitrogen (TAN = NHi-N + NH;-N) did

Table 1. Proximate analysis (percent weight composition) and energy
of the diets (A, B, C) used for pikeperch rearing

Diet
A B €

Composition

Crude protein 52.5 422 51:1

Crude fat 14.0 21.8 22.0

Moisture 9.9 9.3 6.5

Ash 10.1 6.5 9.0

Fibre 1.7 2.0 )

Nitrogen-free extract 11.8 18.2 9.8
Energy (MJ/kg diet)

Gross (GE)* 20.1 21.7 22,6

Protein E : Gross E 0.62 0.46 0.53

* based on the values 24 kJ/g protein, 39 kJ/g fat and 17 kJ/g carbo-
hydrate (Jobling, 1994)

not exceed 0.15 mg TAN/L, oxygen concentration did not
drop below 5.4 mg/L, and nitrite (NO,-N) in the outflow
did not exceed 0.018 mg/L. Water pH was 7.52 and 7.47
in the inflow and outflow, respectively.

In order to determine growth rate, food conversion ratio
[FCR = weight of the feeds used (kg)/fish biomass incre-
ment (kg)] and food doses, a random sample of 20 fish
was collected at the start and every 7 days of the experiment
from each tank. The fish were measured (TL + 0.1 mm)
and weighed (BW £ 0.01 g). Condition factors (K) were
calculated as: K = [(body weight (g) x 100)/TL? (cm)].
Total fish biomass was determined weighing all fish in
a container with the known water weight.

Measurements of metabolic rates
Oxygen consumption (OC) and ammonia excretion

(AE) were monitored like in earlier studies (Zakes and
Karpinski, 1999) on days 145 and 147 (OC) and day 147

Table 2. Growth and condition data [means] of pikeperch fingerling reared on three different dicts. Means with the same superscripts in the

same column are not significantly different (P > 0.05)

Diet Sample time (day after hatching) Growth per day
(number of
obscrvations) D128 (beginning of treatment) D156 (end of treatment)) (D128-D156)

Total length TL  Body weight  Condition Total length TL Body weight ~ Condition
(cm) (8 factor K (cm) (8) factor K (mm/d) (g/d)

A 16.827 42.444 0.894 19.354 62.894 0.87A 0.9 0.73
N=2

B 16.74 42414 0.904 19.23A 63.104 0.894 0.9 0.74
N=2

C 16.46* 41.63* 0.934 19.384 64.767 0.89* 1.0 0.83
N=2
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(AE), respectively. Checks were also carried out using
tanks without fish. In these blank trials the differences in
oxygen saturation between inflow and outflow water (wa-
ter flow was the same as in the rearing tanks) were lower
than 1%, so rates of oxygen consumption by micro-
organisms and/or oxygen diffusion were considered neg-
ligible. Ammonia quotient (AQ) was calculated as: Am-
monia excretion/Oxygen consumption (mole to mole
relation); ammonia excretion expressed as mg TAN/kg/h,
oxygen consumption as mg O,/kg/h.

Fish size and biomass were measured at the end of
the metabolic rate measurements (day 147). Tank loading
was 0.7 kg of fish/L/min and stock density amounted to
14 kg/m®. Mean total length (cm) and body weights (g)
were respectively: 18.36 and 54.92 (diet A), 18.35 and
54.03 (diet B), and 18.33 and 55.76 (diet C).

Body composition

At the start of the experiment (D128) ten fish were
sampled for proximate composition analysis, and at the
end of the study (D156) ten fish from each tank were
sampled. The fish (from each tank) were pooled prior to
analysis, then were minced, homogenised, and lyophilised.
Dry weight, crude protein (Kjeldahl method), fat (Soxhlet
method) and ash were determined using standard proce-
dures (Skulmowski, 1974). Chemical composition of the
diets was also analysed. In order to determine the differ-
ences in body composition of the fish fed artificial diets
and those consuming natural food, additional determina-

tions were performed of body composition in the fish of
the same age but different size (13.9 cm TL, 16.0 g BW)
collected on October 30 from fish ponds on Grzmieca
Fish Farm (central Poland).

To establish the significance of differences (P < 0.05)
in growth, metabolic rates and chemical composition of
the fish on different diets, one-way variance analysis
(ANOVA) was used together with Duncan’s test. Mean
percentage of body composition was arcsine-trans-
formed before analysis.

RESULTS
Fish metabolism

Mean oxygen consumption was within the range
196.50 mg O,/kg/h (diet A) to 211.14 mg O, /kg/h (diet B),
and the differences were statistically significant (P < 0.05;
Tab. 3). Different diets had no effect on the mean levels
of ammonia excretion, which ranged from 6.41 mg
TAN/kg/h (diet B) to 6.98 mg TAN/kg/h (diet A). Also
ammonia quotients (AQ) did not differ between the ex-
perimental groups (P > 0.05; Tab. 3). However, when
AQ calculated for diet A and diet C only (extreme values)
were analysed, statistically significant differences were
found (P = 0.029). AE was directly proportional to OC,
and the regression equations were highly significant, but
specific for diet groups:

AE = 0.101 x OC - 12.92 (r = 0.9517; number of ob-
servations N = 48; diet A);

Table 3. Mcan rates of oxygen consumption (mg O,/kg/h) and ammonia excretion (mg TAN/kg/h) of pikeperch fingerlings fed three different dicts

Metabolic rates

Dict (number of observations)

Mcan* Maximum — minimum** Increase in maximum from mean (%)

Oxygen consumption
A(N=4) 196.504 230.43-157.28 17.3
B(N=4) 211.148 264.58-160.88 25.3
C(N=4) 205.42A8 230.52-158.20 12.2
P value 0.0469

Ammonia excretion
A(N=2) 6.984 9.58-2.39 37.3
B(N=2) 6.41° 10.09-1.76 57.4
C(N=2) 6.91A 9.75-2.47 41.1
P value 0.5023

Ammonia quotient
AN=2) 0.0794 0.102-0.033 28.5
B(N=2) 0.0684 0.100-0.025 48.1
C(N=2) 0.0754 0.102-0.034 35.0
P valuc 0.0710

* mcans with the same superscripts in the same column are not significantly different (P > 0.05)

** maximum and minimum values arc means of four (OC) and two (AE and AQ) experi

I trials (repli )
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Figure 1. Diurnal variations in oxygen consumption, ammonia excretion and ammonia quotient (mean + SD) in juvenile pikeperch
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AE =0.087 x OC — 11.85 (» = 0.8853; N =48; diet B);
AE=0.108 x OC - 15.21 (»=0.8881; N = 48, diet C).
Daily profiles of OC and AE were very similar in all
groups (Fig. 1). Intensive increase of the two parameters
was observed 3 hours after the beginning of feeding. They
increased rapidly for about 5 hours (8 hours after the be-
ginning of feeding), and then stabilised. As soon as feed-
ing was stopped, OC and AE values decreased rapidly,
attaining the levels before feeding. The ratio between
maximal oxygen consumption or ammonia excretion and
mean daily values of these parameters was 1.12-1.25 (OC)
and 1.37-1.57 (AE) (Tab. 3).

Body composition

There were no statistically significant differences in
protein, ash and moisture levels between the groups of
fish fed any of the three diets (P > 0.05). Mean values of
these parameters were 17.7, 3.5 and 70.6% (Tab. 4).

Diet composition was reflected in fat concentrations
of the fish body. They ranged from 6.6% (diet A) to 8.5%

Table 4. Body ition of j pikeperch fed three commer-
cial diets.The values are given on wet-weight basis (N = 2 per treat-
ment). Data with the same superscripts in the same column are not
significantly different (P > 0.05). The respective initial values
(D128) for crude protein, fat, ash and moisture were as follows: 17.0,
7.5,3.2 and 71.9

P

Proximate analysis

Diet
Crude protein  Crude fat Ash Moisture
A 18.14 6.6 355 74 o5
B 17.44 8.58 3.6 70.14
C 17.54 8.18 358 70.54
Pooled data 17.7 7.7 3.5 70.6
Natural feed 15.9 1.1 2.6 78.8

(diet B), and the differences between the groups were
statistically significant (P < 0.05; Tab. 4). Comparing
chemical composition of the reared fish fed commercial
diets with that of fish collected from natural environment
attention should be paid to fat concentration, about 7 times
higher in fish on artificial food. Fish collected from
natural conditions had lower protein and ash levels and
higher moisture, but the differences were far less pronoun-
ced than in the case of fat (Tab. 4).

Growth

Average daily length and body weight increment in
the period D128 — D156 was about 1.0 mm and 0.7-0.8 g.
At the end of the experiment the mean body length and
weight were from 19.23 cm (diet B) to 19.38 cm (diet C)

and from 62.89 g (diet A) to 64.76 g (diet C) respectively
(Tab. 2). Differences between the groups were not sig-
nificant (P > 0.05).

Food conversion ratios of the diets were fairly similar,
amounting to 0.94 (diet A), 0.93 (diet B), and 0.84 (diet C).
Fish biomass at the end of the experiment amounted to:
16.04 kg/m’® (diet A), 16.09 kg/m?® (diet B) and 16.61 kg/m®
(diet C). Hence, total increments of the fish biomass dur-
ing the period D128 — D156 were 5.2 kg/m’, 5.3 kg/m® and
5.9 kg/m’, respectively.

DISCUSSION

The highest rate of oxygen consumption was observed
in the fish group given diet with the lowest protein to en-
ergy ratio. This may suggest that fish in this group used
protein in the most efficient way, while energy needed
for various life functions originated from fat to a higher
extent. On the other hand, it is known that despite large
differences between energy content in proteins and fats,
1 L of consumed oxygen results in similar levels of energy
released from these nutritive substances (Schmidt-Nielsen,
1994). In view of the fact that all growth parameters, with
the exception of body composition, were similar in all fish
groups, the observed differences in OC might have been
related to different metabolic effect of the diets (SDA effect).
A relationship between diet composition and SDA effect
was already confirmed for trout, Oncorhynchus mykiss
(Walbaum) (LeGrow and Beamish, 1986) and plaice,
Pleuronectes platessa L. (Jobling and Davies, 1980). No
measurements were made of OC in starved fish, so it was
not possible to determine the SDA effect to confirm this
suggestion.

The higher proportion of fats and/or carbohydrates as
energy sources should have been reflected in ammonia
excretion, as ammonia is the basic end product of pro-
tein metabolism, i.e. amino acids deamination (Schmidt-
Nielsen, 1994). Ammonia excretion in fish with the
highest OC was in fact at the lowest level, and dif-
ferences between the groups proved to be statistically
significant. Many studies suggest that AE increases with
increasing amounts of consumed proteins (Kaushik, 1980;
Forsberg, 1996). On the other hand, Clarke et al. (1985),
and Forsberg and Summerfelt (1992a) suggested that
protein levels in the diet had no significant effect on am-
monia excretion. Estimation of the relative share of pro-
tein catabolism in total energy used is possible by means
of ammonia quotient (AQ). When AQ amounts to 0.33,
all consumed oxygen is used for protein oxidation (Kutty,
1978). Our experiments revealed a significant, directly
proportional relation between AQ and protein level in
the diet. Mean AQ values ranged from 0.068 to 0.079,
meaning that from 20.6% (diet B) to 23.9% (diet A)
of oxygen consumed by the fish were used to oxidise
proteins.
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OC and AE values obtained in the experiments were
similar to those obtained for S. lucioperca weighing 38.1 g
(BW) and 16.0 cm long (TL), reared in a recirculation sys-
tem in 22°C, for which mean OC and AE amounted to
243 mg Oy/kg/h and 12 mg TAN/kg/h, respectively (Zakes,
1998). Similar values of oxygen consumption and am-
monia excretion were also found by Forsberg and Sum-
merfelt (1992b) for the walleye, Stizostedion vitreum
(Mitchill) of similar size (16.2-16.8 cm TL), reared in
20 and 25°C: 214 mg O,/kg/hand 19 mg TAN/kg/h, and
294 mg O,kg/h and 25 mg TAN/kg/h, respectively.

Requirements of fish for dietary proteins depend on
the species and stage of ontogenic development (Murai,
1992; Jobling, 1994). Barrows (1987) (cit. according to
Stettner et al., 1992), and Barrows et al. (1988) found
that optimal dietary levels of proteins for S. vitreum of
body weight 14 and 50 g which guaranteed maximal
growth rate of the fish were 51.0 and 42.3%, respectively.
The use of diets containing different levels of proteins
from 42.2 to 52.5% to feed S. lucioperca was not reflected
in fish growth. The highest growth rate of pikeperch
reared from 16.5 to 19.4 cm TL at water temperature of
22°C amounted to 1.0 mm/d and 0.83 g/d. For comparison,
average daily increment of S. vitreum, reared from 12.4
to 16.8 cm TL in controlled conditions using artificial
feeds, was 0.63 mm/d (Barrows ef al., 1988). Siegwarth
and Summerfelt (1990) stated that for juvenile S. vitreum
reared from 14.6 to 17.8 cm TL at 21°C this increment
was 0.45 mm/d.

The use of diets differing in protein levels was not re-
flected in the level of body protein of pikeperch fry. The
same conclusion was drawn by Reinitz and Austin
(1980a), who reared juvenile S. vitreum on diets containing
34.3-57.0% protein. Protein content in fish body was
15.9-16.8% of wet weight, and the differences between
the feeding variants were not significant. Neither in the
case of rearing yellow perch, Perca flavescens (Mitchill),
was there any effect of dietary protein levels on protein
content in fish body (Reinitz and Austin, 1980b). Our stud-
ies revealed a noticeable effect of dietary fat levels on
fat content in S. luciperca body. This relationship was
also found in S. vitreum and P. flavescens (Reinitz and
Austin, 1980a, b), as well as in other non-percid fish spe-
cies (Reis et al., 1989; Li and Lovell, 1992). Our own data,
as well as those given by other authors suggest that dietary
protein and fat levels determined body fat levels, but not
so much protein content. This is also confirmed by the
comparison of body composition of pikeperch reared on
commercial feeds and that consuming natural food. Fat
levels in fish eating commercial diets were 7 times higher
than in those growing on natural food. An earlier study
also showed that in the case of fish reared in controlled
conditions and on artificial diet and zooplankton, the
difference in body fat levels was 6.7-fold, while body
protein concentrations differed by 5.4% only (Zakes and
Demska-Zakes, 1998).
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Age and growth of pike (Esox lucius L.) in irrigation canals
of the East Slovakian Lowland

Vek a rast $tuky severnej (Esox lucius L.) v melioraénych kanaloch
Vychodoslovenskej niZiny

J. Kosco

Department of Ecology, Faculty of Human and Natural Sciences, University of Presov, Slovak Republic

ABSTRACT: For age and growth analysis 131 pikes (Esox lucius L.) have been examined; out of them 111 were adults
(48 males, 63 females) and 20 juveniles. The fish were divided into five age groups while group I comprised 43.5% of
the fish. In view of the considerable size of age group 0 (30.5%), the canals showed to be an appropriate biotope for
spawning. The shortage of older fish is probably caused by the unfavourable conditions during winter and after the peak
of the vegetation period. In the lower parts of the irrigation canals the pike grew faster than in the middle and upper
parts. The flow rate slows down growth; however, the danger of the rise of conditions lethally affecting the ichthyo-
cenoses is decreased. The growth rate of pike in the irrigation canals at Hraii in the first year of life is approximately the
same as in other localities; later, however, it slows down.

Keywords: environmental conditions; fishes; Esox lucius L.; irrigation canals; Central Europe

ABSTRAKT: Na analyzu veku a rastu $t'uky bolo pouZitych 131 ryb, z toho 111 dospelych (48 samcov, 63 samic) a 20 juve-
nilnych jedincov. Ryby patrili do 5 vekovych skupin, najpodetnejSia bola 1. vekova skupina (43,5%). VzhFadom na
znaéné zastipenie 0. vekovej skupiny (30,5%), kandly si vhodnym biotopom pre neres $§tuky. Nedostatok star$ich ryb je
pravdepodobne zapriineny nepriaznivymi podmienkami podas zimy a po vrchole vegetaéného obdobia. V dolnych
usekoch kanalov rastli §fuky rychlejSie ako v strednych usekoch. Prietoénost’ v kanaloch sposobuje pomalsi rast, ale
zniZuje nebezpedenstvo vzniku podmienok pdsobiacich na ichtyocenézy letdlne. V porovnani s inymi lokalitami rastie
§tuka v hydromelioraénych kanaloch pri Hrani v prvom roku priblizne rovnako rychlo, v d'alsich rokoch je jej rast
pomalsi.

KPidové slova: Zivotné prostredie; ryby; Esox lucius L.; melioraény kanal; Stredna Europa

INTRODUCTION

Although large populations of pike live in the irrigation
canals of the East Slovakian Lowland (ESL), little is
known about their ecology in these biotopes. As age and
growth are indices contributing to the true picture of the
locality, the present work aimed at the analysis of the
above factors in the given species. Sedlar (1971b) also
analyzed the age and growth of pike; however the irriga-
tion canals of the Nitra river catchment, where he carried
out his research, are of a different nature. Literary data
on fish biology in the canals of the ESL were only pre-
sented by Kos¢o (1988).
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MATERIAL AND METHODS
Study site

The network of irrigation canals at Hrati (Fig. 1) consists
of two main canals (K1, K2) emptying into the river
Ondava through a common pumping station (PS), and
having a double trapezoid profile of 10 m width and
1.5-2.0 m depth. K2 is longer than K1 (26 vs. 12 km).
The canals K3 and K4 are shorter (2 vs. 4 km), narrower
(6 vs. 8 m) and shallower (1.0 vs. 1.5 m), and both empty
into K2. The lowest and highest slopes are seen in canal
K1 (0.05%) and K2 (0.15%), respectively.
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The bed of the canals consists of a mainly organic sedi-
ment of autochthonous origin; prevailingly black anaero-
bic mud can be found. The canals are overgrown with
submerse and natant vegetation. Accompanying littoral
trees are either sporadic or missing at all. The physical
and chemical properties of canal water are given in Tab. 1.
Esox lucius live there in a community together with Rho-
deus sericeus (79.0%), Rutilus rutilus (5.6%), Scardi-

TREBISOV

ZEMPLINSKE
HRADISTE

Study area

nius erythrophthalamus (4.1%), Perca fluviatilis (2.7%),
Carassius carassius (1.4%), Misgurnus fossilis (0.7%),
Tinca tinca (0.7%), Leucaspius delineatus (0.6%),
Alburnus alburnus (0.5%) and Ictalurus nebulosus (0.5%).
(The relative abundance of Esox lucius was 4.2%).

The constructions of the canals system and the pumping
station enable the migrations between river and canals
during the most part of the year.

Figure 1. Sampling site localization
in studied irrigation canals
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Table 1. Physical and chemical propertics of water in the irrigation canals at Hrail

Character (Unit)

K1 (1987)

K2 (1987--88)

K3 (1987-88)

K4 (1988)

Min. Average Max.

Min. Average Max.

Min. Average Max.

Min. Average Max.

Water temperature (°C) 0.2 138 26.9 0.3 13.0 27.0 1.5 158 27.2
pH 74 8.0 9.6 6.2 7.7 89 6.0 7:3 8.0
COD (mg/l) 6.80 11.20 1520 6.12 7.56 9.00 420 9.40 15.20 9.00 1280 25.40
DO (mg/1) 1.5 8.4 19.6 1.0 106 21.0 1.0 8.1 12.0
Conductivity (mS) 0.7 1.0 12 0.1 1.0 12 0.7 1.0 1.3
Turbidity 0.01 0.3 0.40 0.0l 020 0.89 0.01 0.10 0.10
Hardness (mmol/l) 1.6 33 6.2 2.0 22 23 1.5 2.7 4.4 2.1 2.7 33
Ca™ (mg/l) 39.1 111.0 2389 120 634 843 36.1 842 1714 48.7 78.7 1082
Mg (mg/1) 69 158 38.1 73 192 413 24 17.7 382 24 199 313
CI- (mg/l) 255 126.1 3722 1.5 230 351 227 454 993 134 441 76.6
NH; (mg/l) 0.001 0260 0.542 0.420 0.540 0.700 0.020 0.440 1.900 0.130 0.710 2.580
NOj (mg/l) 0.01  0.06 0.16 0.00 0.03 0.07 0.02 0.04 0.09 0.02 0.05 0.11
NO; (mg/l) 0.70 5.83 35.00 020 225 425 0.40 5.03 22.90 032 298 6.40
PO; (mg/l) 0.05 0.90 1.95 0.15 071 225 0.05 072 230 0.10 046 1.03
Alkalinity (mg/l) 3.1 35 4.0 3.5 3.7 38 1.9 44 5.7 1.7 4.2 5.8
Na* (mg/l) 36.0 531  102.0 19.2 26.8 435 25.0 455 78.0 28.5
K* (mg/1) 55 127 25.5 54 56 7.5 65 159 30.0 27.5
Material The samples were preserved in sifu with 4 — 6% forma-

Age and growth analysis have been made of 131 fish
(111 adults — 48 males and 63 females, 20 juveniles),
caught by means of seine (length 12 m, depth 3 m, mesh
diameter 10 mm). In spring (April 20-22, 1988) fish were
repeatedly caught in the lower, middle and upper parts
of all canals (i.e. at 200, 700 and 1 200 m distance from
the PS). The aim was to determine the differences between
the indices under examination in dependence on the dis-
tance from the PS. In the course of 1988, fish were caught
from the lower parts of the canals K2, K3 and K4 at
monthly intervals (20 April, 17 May, 8 June, 30 June,
9 August, 28 September) in order to determine the dif-
ferences between the individual canals.

line; measuring and weighing of the fish [total and stan-
dard lengths, total and body (after evisceration) weight,
weight of the digestive tract and the gonads] were carried
out in the laboratory.

Six representative scales were taken from the part above
the lateral line in front of the dorsal fin. Age was deter-
mined from the dorsodiagonal lobe of the scales by means
of the Zeiss Lesegerit projector at a magnification 17.5x.

Methods

The growth rate of the standard length was determined
by the method of R. Lee (Hol¢ik and Hensel 1972). As it

Table 2. Regression equations (GM) of the standard length and weight relation in pike from irrigation canals at Hrai (our own data)

Locality Sex Regression equation

All canals all fish log w=-5.0900 +3.0522log1 r=09814 n=131
All canals adult males log w=-5.1597+3.0837log 1 r=0.9959 n=48
All canals adult females logw=-48899+29561 log]l r=09817 n=63
All canals juveniles logw=-5.0763 +3.0462log 1 r=0.9947 n=20
K212 all fish logw=-49132+29612log1 r=009881 n=48
K3LI all fish logw=-5.0615+3.0391log]l r=09987 n=20
K4LI1 all fish logw=-5.0930+3.0482log1 r=0.9965 n=32

36



Czech J. Anim. Sci., 46, 2001 (1): 3440

Original Paper

was impossible to determine directly the standard length
of the fish at the time of the formation of scales, the cor-
rection value of 40 mm was taken over from the work of
Oliva (1956). The values of weight increase were derived
according to the GM regression equations of the relation
between body length and weight. No significant differences
were found between the length: weight relation in males
and females as well as in samples from different canals
(Tab. 2); thus for weight increase determination the fol-
lowing regression equation has been used:

log w =-5.09000 + 3.0522 log 1, r=0.9814, n = 131,
representing the fish analyzed in this work.

The condition coefficient was calculated according to
Clark; the fish were weighed after evisceration.

RESULTS

The standard length of fish (SI) at capture ranged be-
tween 63 and 350 mm while their weight ranged between
2.7 and 532 g. In the Slovak Republic legally admittable
size (T1) is 500 mm. The standard length of the only fish
that reached catching size (its Tl being 640 mm) was
562 mm (SI). The mean standard length of the subsequent
age groups in each sampling is given in Fig. 2.

The investigated fish belonged to five age groups, age
groups I and 0 being the most numerous (43.5 and 30.5 %,
respectively). The higher age groups II, III and IV com-
prised 23.7, 1.5 and 0.8 % of the fish, respectively. During
the peak of vegetation (July, August) only fish of age
groups 0 and I could be observed in the canals; in August,
however, only fish of the age group 0 were recorded in
K4 while no fish at all were found in K3. The most favour-
able age structure was observed in K2.
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>
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v *

Date of capture

At the time of the first capture (April 20-22) in most
fish (86%) the annulus could already be observed. Out
of the 7 fishes without a pronounced annulus two were
males (aged 3 years) and 5 females (aged 2 years); of the
latter one had not yet spawned and the other 4 had the rest
of old eggs in their gonads.

On the basis of the back calculated body length and weight
values, the growth rate of pike seemed to be slow, males
growing faster than females (Tab. 3). The fish grew faster
in the lower parts of the canals than in the middle and
upper parts. Comparison of the growth rates of fish from
the lower parts of K2, K3 and K4 revealed that in the
first year of life pike in K3 and K4 grew faster but less
of them survived. In the first year of life the growth rate
of pike in K2 decreased; however, more of the older fish
survived (Fig.2).

The highest condition coefficient was in all age groups
in fish from K4 and lowest in those from K2. With
growing length (age) the condition coefficient increased
and reached its highest values in September.

As to the sex ratio, the number of males surpassed
that of females at a ratio of 1.3 : 1.0. In spring, females
prevailed in the lower parts while males prevailed in the
upper parts of all canals (K2, K3, K4).

DISCUSSION

In the canals at Hraii pike reach low body weights and
lengths. The lower mean standard length (Fig. 2) or even
absence of fish during the peak of the vegetation period
may coincide with the deterioration of the physical and
chemical properties of canal water after overgrowth and
subsequent extinction of large amounts of submerse vegeta-

Eo0+

Wi+

02+

W3+

B4+

» :
& Figure 2. Mean standard length of
& particular age groups of pike from
9& irrigation canals at Hrail at the
time of netting
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Table 3. Mean back calculated standard length (mm) and weight (g) of pike from the canals at Hrafl

Standard length Weight N B
Sex Age Number at capture at capture Length/weight in particular years
1 2 3 4
1+ 27 195 92 159/52
2+ 9 344 286 210/50 308/182
Males 3+ 2 288 279 148/221 221/123 276/256
total 38 235 148 170/50 292/171 276/256
1+ 30 212 107 174/61
2+ 22 235 159 138/198 198/106
Females 4+ 1 560 1672 139/22 257/162 335/361 498/1179
total 53 228 158 159/49 201/109 335/361 498/1 179
1+ 57 204 100 170/56
2+ 31 255 196 159/38 230/128
All fish 3+ 2 288 279 148/34 221/123 276/256
4+ 1 560 1672 139/22 257/162 335/361 498/1 179
total 91 227 154 165/49 230/129 309/291 498/1179

tion (e.g. at an amount of 7.0-7.5 kg/m’ wet phytomass, the
level of dissolved oxygen decreased, during the early
morning hours to 0.43-0.59 mg/1).

Table 4. Back calculated mean standard length (mm) and weight (g)
growth of pike from various parts of the canals at Hrail

The absence of larger specimens may be caused by =~ Canal  Part Lenmivotghl in partioplar yeus
increased mortality during the unfavourable winter period 1 2 3 4
(t’mfiings of dead fish after the i.ce had thawed). Neither i e 150119 | 206/84
fishing pressure nor fish mortality can be excluded; ac-
cording to Kipling (1984) the latter is one of the factors lower  171/50  252/158 335/366 498/1184
considerably limiting pike populations mainly those of 2 migdle 139/

: upper 15137 214/127 285/350
larger specimens to the end of summer.

There is a relation between the mean standard length lower 180/60  234/131
and the age structure of pike population in the canals. = Lmdgrlc :::;:; ;;g;:;; F6enie
Most individuals belonged to age groups I and II (97.7%), i
which from the viewpoint of reproduction is particularly lower  179/60  230/127
unfavourable. The most favourable age structure was re- < ::::rle ;:Ag (‘) fgf;gg

corded in canal K2; this can be explained by better win-
ter survival conditions (higher water level) and the
decreased danger of anaerobic environment formation
(increased slope). The considerable numbers of fish of
age group 0 (30.5%) point to the fact that spawning con-
ditions in the canals are favourable. In this way the system
of irrigation canals emptying into the Ondava river could
substitute the shortage of spawning possibilities in the
regulated river.

Growth differences recorded between males and females
in the first and second years of life could be influenced
by differences in the formation and maturation of gonads
mainly if environmental impacts cause earlier maturation
(1 year old males grow slower than females while 2 years
old males grow faster). The data given for 3 and 4 years
old fish are distorted by the low numbers of specimens
and their capture at various distances from the PS (fish
aged 3 years were caught in the upper parts while the
4 years old specimens were caught in the lower parts of
the canals) ( Tab. 4). According to our opinion, the short-
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age of food represents one of the main factors affecting
slower growth of pike in the middle and mainly in the up-
per parts of the canals. Species diversity of the ichthyo-
fauna in different parts of the canals (lower, middle, upper)
revealed a decreasing tendency (e.g. K4 — 13, 6 and 5 spe-
cies, K3 — 12, 8 and 2 species in the respective parts).
The number of fish in the particular samples also decreased
with the distance from the PS (K4 — 1 198, 439 and 64 fish;
K3 - 849, 125 and 5 fish in the respective parts; Kosco,
2000).

The different growth rates of pike in the particular ca-
nals (K2, K3 and K4) depend on the different environ-
mental conditions in the latter (water level, number and
composition of macrophyte, food base...; Terek, 1999),
given by their topography and the way of maintenance.
In canal K2, where the flow rate in relation to slope is
highest, the growth rate of pike in the first year of age
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Figure 3. Back calculated growth rate of standard 300 +
length in one and two years old pike from the
lower parts of the irrigation canals at Hrafl Seh
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Table 5. Growth of pike at different localities

one year old fish two years old fish

DOsecond year of life

Length/weight in particular years

Type of biotope Locality (author)
1 2 3 4 5
e — Oravsk prichrada (Balon, 1965) ~ 323/143  340/440  425/850 4751200  590/2 260
Lipno (Vostradovsky, 1977) 249/243 382/960 469/1 782 565/2 912 679/4 170
VIgie hrdlo (Krupka, 1972) 162/60 232/151 275/245
Backwaters of the Danube Rusovce (Krupka, 1972) 102/10 182/52 249/179 445/875
Lion (Sedlar, 1971b) 177/58 292/270 389/565 464/1 050 549/1 720
Branch of the Danube Trstena n/O. (Cerny,1992) 152/44 355/472 398/738 491/1428 534/1720
Irrigation canal Hraii (this study) 165/49 230/129 309/291 498/1 179
was slower as compared to the canals K3 and K4. More REFERENCES

favourable winter conditions and lower shares of sub-
merse and natant vegetation decrease the danger of over-
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individuals in K2. Although the growth rate in K3 and
K4 was higher, their populations were low and only a part
of the smaller individuals survived (Fig. 3).
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Usefulness of pH; and ECsg values, glycogen, glucose and lactic acid
content in biopsy samples taken from pigs of different RYRI
genotypes for meat quality prediction

Odhad kvality masa podle hodnot pH;, EVsy a obsahu svalového glykogenu,
glukoézy a kyseliny mlécné u prasat riznych genotypti RYRI genu

L. KikenkovA, T. UrBaAN, J. KucIEL

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The aim of this study was to compare the values of pH,, ECs, muscle glycogen, glucose and lactic acid
content in the commercial hybrid pigs with different RYR] genotypes and the prediction of meat quality from biopsy
samples of Musculus longissimus lumborum et thoracis taken in vivo, approximately at 80 kg live weight. The results
showed that RYR! genotypes influence the values of meat quality (pH, and ECy) both after slaughter and from biopsies,
carried out about 5 weeks before slaughter. The occurrence of PSE meat ranged in biopsy samples according to pH from
10.16 to 14.58% but after slaughter from 9.47 to 54.35%. The correlation coefficients between pH (r = 0.39; P < 0.05)
and ECy, (r = 0.23; P < 0.05) from biopsies and after slaughter were very low. The levels of muscle glycogen, glucose
and lactic acid did not differentiate between the RYR] genotypes. There was a high variability in measured traits between
and within the groups of RYRI genotypes. The results indicated that the values of pH,, ECs,, glycogen, glucose and lactic
acid in biopsy samples were not useful for prediction of meat quality after slaughter.

Keywords: pig; pH,; electric conductivity; muscle glycogen, glucose, lactic acid content

ABSTRAKT: Cilem prace bylo srovnani hodnot pH,, elektrické vodivosti (EVs), obsahu svalového glykogenu, glukézy
a kyseliny mlé&né u prasat rizného genotypu RYR/ genu a odhad kvality masa podle méfeni uvedenych ukazateli
v bioptickych vzorcich Musculus longissimus lumborum et thoracis odebranych in vivo v Zivé hmotnosti asi 80 kg.
Genotyp RYRI genu ovlivnil kvalitu masa (pH, a EVy) jak po poréZce, tak pfi biopsii, tzn. asi pét tydnd pfed pordZkou.
Vyskyt PSE masa podle pH, kolisal v bioptickych vzorcich od 10,16 do 14,58 %, ale po porazce od 9,47 do 54,35 %.
Korelaéni koeficienty hodnot pH, (» = 0,39; P £ 0,05) a EVy, (r = 0,23; P < 0,05) mezi méfenimi pfi biopsii in vivo a po
poréZce byly velmi nizké. V obsahu svalového glykogenu, gluk6zy a kyseliny mlé&né nebyly rozdily mezi RYR! genoty-
py statisticky pritkkazné. Mezi skupinami i uvnitf skupin genotypll RYR! genu byla zjidt&na zna&na variabilita t¥chto uka-
zatell, Jejich vyuZiti k predikci kvality masa se jevi podle nadich vysledki sporné.

Klitovi slova: prase; pH,; elektrickd vodivost; svalovy glykogen, glukéza, kyselina mlé&na

INTRODUCTION

A set of biochemical and biophysical processes, so-
called meat ageing, takes place in the muscle tissue after
slaughter. Especially, degradation of the energy compo-
nents of the muscles (glycogen and ATP) occurs in this
period. The accumulation of lactic acid in the course of

anaerobic glycogenolysis after slaughter is responsible
for a decrease in pH, which has a great impact on the fi-
nal meat quality (Leach et al., 1996; Fisher and Mellett
1997; Karlsson et al., 1997; Rothschild and Ruvinsky,
1998). Pale, soft and exudative (PSE) meat differs from
normal meat in more intensive muscle glycogen degra-
dation, accumulation of lactic acid, rapid decrease in pH

Supported by the Ministry of Education of the Czech Republic (Project No. MSM 432100001).
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within 45 min after slaughter below the value 5.6, consider-
able decrease in ATP, higher muscle temperature and ri-
gidity and in rapid development of rigor mortis. The
rapid decrease in pH is frequently used to objectify the
identification of PSE meat (Ingr, 1996).

The incidence of PSE is influenced both by genetic pre-
dispositions (the point mutation in the RYR/ gene results
in the porcine stress syndrome, which is related to PSE
meat, Fujii ef al., 1991) and environmental factors (physio-
logical conditions, reaction to transport, stress before
slaughter, slaughter technology, manipulation with car-
casses, etc., Stupka and Sprysl, 1998).

The aim of this study was to compare the values of pH;,
ECso, muscle glycogen, glucose and lactic acid content
in the commercial hybrid pigs with different RYR! geno-
types and prediction of meat quality from biopsy samples
of Musculus longissimus lumborum et thoracis taken
in vivo.

MATERIAL AND METHODS
Experimental animals

A total number of 145 commercial hybrid pigs from
Large White x Landrace sows x Large Whitep jine OT
Belgic Landrace or hybrid Piétrain x Large White€sire tine
and Czech Meat Pig x Belgic Landrace boars were studied.
The parents of experimental animals were selected on the
basis of their RYRI genotypes (mothers Nn x fathers nn),
biopsies of Musculus longissimus lumborum et thoracis
in vivo (MLLT) and meat quality traits measurements
were carried out in their progeny. The genotypes of RYR!
gene were determined according to Brenig and Brem
(1992) using PCR-RFLP methods.

Meat quality evaluation

Pigs were weaned at the age of 28-35 days and fat-
tened from 25-30 kg live weight. Meat quality was evalu-
ated in biopsy samples (0.50-0.80 g) taken at the live
weight of approximately 80 kg (B) from the MLLT. The
biopsy samples were taken by an efficient non-stress
spring-loaded biopsy instrument PPB-3 (Kovag et al.,
1993) on the right side just below the last rib 50 mm later-
ally from the spine by means of a needle 9 x 70 mm in
diameter. The simulation of the after-slaughter processes
was made by means of incubation of the muscle samples
for 50 min 39°C in the thermoblock. The meat quality
traits were determined on the basis of: pH, value mea-
sured using a digital pH-meter Gryf 209 S with glass
electrodes Gryf PCL 223 in biopsy samples (BpH,); the
values of electric conductivity (ECs,) were measured using
a digital conductometer PMV micro (Biotech, Slovak Re-
public) with the electrode, in the biopsy samples (BECs).
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We supposed that the rate of the anaerobic processes in
the incubated muscle tissue from live pigs was the same
as that after slaughter (Kova¢ et al., 1992; Mlynek, 1995).
The rest of the samples was frozen in liquid nitrogen im-
mediately after biopsy for an analysis of glycogen, glu-
cose and lactic acid contents. The pigs with the live
weight of ca. 110 kg were transported to the abattoir and
slaughtered by electric stunning. The samples of MLLT
were taken also 1 hour after slaughter for evaluation of
meat quality (pH;— SpH,, electric conductivity — SECs).
These meat quality classes were distinguished according
to pH, and ECs, values (Stupka et al., 1993):

PH, ECqp meat quality class
2581 <499 normal
5.61-5.80 5.00-7.99 tendency to PSE
<5.60 2 8.00 PSE

Determination of glycogen, glucose and lactic acid
contents in biopsy samples of MLLT

Glycogen, glucose and lactic acid contents (in pmol/g
tissue) were determined in frozen biopsy samples by ab-
sorbance measurements. The glycogen concentration
(GLYC) was determined according to Dreiling et al.
(1987). In this method glycogen reacts with iodine solution
in the presence of potassium iodide. The solution is then
saturated with CaCl,. The glucose content (GLUC) was
determined using a diagnostic kit Bio-La-Test Oxochrom
glucose (Lachema, Czech Republic). The glucose was
oxidized by oxygen and by catalysis with glucoseoxidase
to hydrogen peroxide and gluconate. The hydrogen per-
oxide was determined after the reaction with substituted
phenol and 4-aminoantipyrin catalysed peroxidase. The
lactic acid concentration (LAC) was determined after con-
version to the acetaldehyde (using sulphuric acid). The
acetaldehyde was determined after the reaction with
p-hydroxydiphenyl in the presence of copper ions by
spectrophotometric measurement (Davidek, 1981).

Statistical methods

The basic statistical characteristics, Student’s 7-test
of significance of differences between the mean values
and Pearson’s correlation coefficients were used.

The General Linear Model (SAS, 1988) was used for
the estimation of relations between the RYRI genotypes
and variability of meat quality traits in pigs. The model

YVijkim = H+ RYRi+in+Sk+ 0] + b.agcw,. +e,~,u,,

included genetic (RYRI; — RYRI genotypes, H; — hybrid
combination, S;— sex) and non-genetic factors (O, — the
season of measurements and b.age;u, — regression on
the age at measurement).
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RESULTS AND DISCUSSION

Highly significant differences were observed between
RYRI genotypes Nn and nn in meat quality traits pH,
and ECs, measured by biopsy in vivo (at ca. 80 kg live
weight) and after slaughter (Tab. 1).

The recessive homozygous animals had highly sig-
nificantly lower average BpH, values and higher average
BEC;, values; they were characterised by meat quality
with tendency to PSE, compared with heterozygous
genotypes which had higher average BpH, values and
lower average BECs, values with a characteristic of nor-
mal meat quality. Pigs with nn genotype had highly sig-
nificantly lower average SpH, values (measured after
slaughter) than pigs with Nn genotype. In the literature
there are many studies confirming the high meat variability
of heterozygous animals. According to some results, the
Nn pigs had meat quality comparable with pigs of NN
genotype (Eikelenboom et al., 1980 — cit. Cheah et al.,
1995), intermediate meat quality, in the middle of both
homozygous genotypes (Murray and Jones, 1994) or
meat quality comparable with recessive homozygous ani-
mals (Pommier and Houde, 1993). Nystréom and Andersson
(1993), De Smet et al. (1998) did not find any differ-
ences between nn and Nn genotypes. On the contrary,
Przybylski et al. (1996) did not find any differences in
pH, value between Nn and NN genotypes, the difference
was observed between both homozygous animals only.

The recessive homozygous genotypes in our experi-
ment achieved highly significantly higher average SECso
values measured after slaughter (Tab. 1), they had PSE
meat according to this value. Heterozygous animals had
the meat with tendency to PSE according to SECs,
value. According to Stupka ez al. (1993), electric con-
ductivity is an indicator making it possible to evaluate
meat quality more exactly.

The data were divided into three meat quality classes
(Tab. 2) according to limiting values of pH, a ECs, and

Table 1. Meat quality traits of the RYR] genotypes

Nn nn

Traits

n LSM SE n LSM  SE
In vivo
BpH, 97 5974 0.1 48 5734 011
BEC,, 97 4754 0.68 48 649 0.70
GLYC (umol/g) 56 51.09 933 32 4125 1049
GLUC (umol/g) 23 8.40 0.80 20 8.33 0.81
LAC (umol/g) 23 160.26 2547 20 18531 26.54
After slaughter
SpH, 95 6.12* 0.10 46 5.794 0.1
SECq, 95 6.404 0.71 46 8324 0.75
Note:

Values in the rows with the same letters show significant differences:
P <0.05;AP<0.01

the differences were calculated between the average values
of meat quality traits according to RYR] genotype in
these classes.

According to pH, and EC;, values in biopsy samples
in the PSE meat quality class (Tab. 2), the heterozygous
animals achieved significantly lower BECs, values than
the pigs with nn genotype. We did not find any signifi-
cant differences between the RYRI genotypes in the BpH,
values in all meat quality classes (Tab. 2). We can partly
compare our results with those published by Cheah et al.
(1993). They observed lower pH, values of biopsy samples

Table 2. Meat quality classes determined according to pH, in the dif-
ferent RYR/ genotypes

RYRI] genotype (x£ts)
Meat quality
% Nn % nn

BpH, n=97 n=48
PSE <56 13.40 5.46 +0.03 10.41 541 +0.05
Tendency 5.61-5.8  11.34 5.70 + 0.01 22.92 5.69 +0.02
Norm, >5.81 75.26 6.19+0.02  66.67 6.08 +0.06

BECq, n=97 n=48
PSE 2 8.00 10.16 8.56 = 0.20* 14.58 9.29 £ 0.15*
Tendency 5.00-7.99 47.42 6.05 + 0.09 62.50 6.34 +0.90
Norm, <4.99 4242 363017 2292 3.89+148

SpH, n=95 n =46
PSE <56 9.47 552+0.02 4565 552001
Tendency 5.61-5.8  12.63 5.69  0.05 19.57 5.73 + 0.02
Norm. >5.81 7790 6.25+022 3478 6.16 +0.05

SECq, n=95 n=46
PSE 2 8.00 20.00 9.26+0.17* 54.35 9.88 + 0.124
Tendency 5.00-7.99 38.95 6.14+0.12 2391 6.60+0.2]
Norm. <4.99 41.05 4.16 +0.12 21.74 4.02+0.22
Note:

Values in the rows with the same letters show significant differences:
2P <0.05; AP <0.01

in the halothane-positive (stress-susceptible) pigs com-
pared to halothane-negative ones. Henckel et al. (1992)
found significant differences between NN and Nn, nn geno-
types in pH, values of biopsy samples. The homozygous
NN had higher pH, values than those of Nn or nn geno-
type. No differences in pH, between the heterozygous
and recessive homozygous genotypes were observed.

A highly significantly lower SEVj, value was also ob-
served in the heterozygous animals with the PSE meat
quality class compared to the recessive homozygous ani-
mals in the same meat quality class (Tab. 2). Differences
between the genotypes in SpH, values were insignificant
in all meat quality classes. In the analysed population,
there were pigs with normal meat, tendency to PSE and
PSE meat (Tab. 2) in both genotypes. The occurrence of
the PSE meat ranged (according to BpH, and BEC, values
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determined in biopsy samples) from 10% to 14% (Tab. 2).
The increasing number of nn pigs with PSE meat was
observed according to SpH, and SECy, values after slaugh-
ter; according to SpH, values, 46% and according to
SEC;, values 54% recessive homozygous pigs had the PSE
meat after slaughter (Tab. 2). (There was PSE meat from
10% according to SpH, to 20% according to SECs, in
the heterozygous genotypes.) 10% of heterozygous
genotypes had PSE meat according to SpH,, and 20%
heterozygous genotypes had the same defect according
to SECs.

As compared with the occurrence of PSE meat in biopsy
samples (according to BpH, — 10.41%, Tab. 2) in the re-
cessive homozygous animals, there was the increasing
number of recessive homozygous genotypes with PSE
meat after slaughter (according to SpH, — 45.65%). The
negative effects of pre-slaughter handling on the meat
quality were reduced to the minimum, but it was still
possible that these effects represented a sufficient stress
factor for stress-susceptible animals, i.e. those with nn
genotype of RYRI gene. This assumption can explain an
increasing number of the recessive homozygous animals
with PSE meat after slaughter. Neither can we exclude
the effects of various stressors influencing animals in the
interval from biopsy to slaughter. Contrary to our obser-
vations, Cheah et al. (1995) found PSE meat in 56.7% of

Table 3. The phenotype variability of glycogen content (umol/g)
in the meat quality classes (determined according to pH, and EC)
in the different RYR/ genotypes

RYRI genotype (xxts;)
Meat quality
% Nn % nn

BpH, n=56 n=32
PSE <5.6 3.03 4170+ 12.05 5.88 20.67 £0.12*
Tendency 5.61-5.8  4.55 35.05+ 11.62 17.65 54.33 + 10.62*
Norm. =581 92,42 4988 +4.31 76.47 46.45+ 5.43°

BEC,, n =56 n=32
PSE 2800 3571 40.65+4.22 11.12 22.17+5.64*
Tendency 5.00-7.99 29.59 33.93+4.14 13.88 47.00 + 12.78°
Norm. <499 3469 5888 +6.29 7500 54.63 +4.29*

SpH, n=56 n=32
PSE <56 16.92 46.12+7.91 58.82 41.44 +6.06
Tendency 5.61-5.8 15.38 40.88 £ 7.33 14.71 50.45+ 129
Norm. 2581 67.70 49.17 + 547 26.47 54.89 +8.97

SECy, n=56 n=32
PSE = 8.00 5484 4486587 64.70 40.87 =533
Tendency 5.00-7.99 20.97 39.71+£6.6 17.65 51.66 = 12.10
Norm. <4.99 24.19 51.46+9.30 17.65 61.00 £ 12,10
Note:

Values in the columns with the same letters show significant differ-
ences: *P < 0.05 ; AP < 0.01
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pigs with heterozygous genotypes on the basis of measure-
ments of 5 meat quality traits in biopsy samples of MLLT.

We did not observe any differences in glycogen, glu-
cose and lactic acid contents in biopsy samples between
the RYRI genotypes (Tab. 1).

The animals were classified according to pH, and ECs,
values into three meat quality classes (normal, tendency
to PSE and PSE (Tab. 3). Pigs of nn genotypes had a sig-
nificantly lower glycogen content (Tab. 3) in the PSE
meat quality class determined in the biopsy samples
taken at 80 kg live weight compared with other meat
quality classes.

The same but statistically insignificant tendency was
also observed in the glycogen content in the meat quality
classes determined according to pH, and ECs, values af-
ter slaughter. A lower glycogen content in the PSE meat
of the recessive homozygous animals could indicate
more intensive anaerobic glycogenolysis in these pigs.
Our results showed that RYRI genotype influenced pH;
and ECs, values both post mortem and at 80 kg live
weight (i.e. ca. 5 weeks before slaughter). Our results also
suggested that a decrease in pH, in nn genotypes is
a consequence of different rate of muscle glycogen degra-
dation (Tab. 3) rather than of different glycogen contents
(Tab. 1). With respect to a low number of analysed samples
it will be necessary to confirm our results in other experi-
ments.

We also found higher glucose and lactic acid contents
in recessive homozygous genotypes in the PSE meat qual-
ity class as compared with normal meat and meat tendency
to PSE; however these differences were insignificant
(Tabs. 4 and 5). Przybylski and Kocwin-Podsiadla (1996)
did not observe any significant effects of the RYRI geno-
type on glycogen content in Landrace pigs, but they found
a significantly higher lactic acid content in Nn animals
as compared with pigs of NN genotype. According to
Esseen-Gustavson and Fjelkner-Modig (1985): cit.
Henckel et al. (1992) the Hampshire breed, which is vir-
tually free from the halothane gene, displays higher gly-
cogen contents compared with the Landrace and Yorkshire
with the higher frequency of » allele.

Different results in the Landrace and Large White
breeds were reported by Przybylski et al. (1996). There
were significant differences between NN and Nn, nn geno-
types in the glycogen content in biopsy samples of
MLLT taken at 60 kg live weight. Dominant homozy-
gous genotypes had the higher glycogen level as compared
with other genotypes.

We supposed that the measurements of glycogen, glu-
cose and lactic acid content in combination with measure-
ments of pH, and ECs, would help to explain meat quality
variability within and between the groups of RYR! geno-
types. However, the present results are preliminary only,
and our suppositions are not confirmed. In addition there
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Table 4. The phenotype variability of glucose content (umol/g) in the
meat quality classes (determined according to pH; and ECy) in the dif-
ferent RYRI genotypes

Table 5. The phenotype variability of lactic acid content (umol/g)
in the meat quality classes (determined according to pH; and ECyj)
in the different RYRI genotypes

RYRI genotype (xxt.sy) RYRI genotype (X+rsy)
Meat quality Meat quality
% Nn % nn % Nn % nn
BpH, n=23 n=20 BpH, n=23 n=20
PSE <56 - - 9.52 891 +1.40 PSE <56 - - 9.52 182.07 + 14.57
Tendency 5.61-5.8 3.85 7.17 £ 0.00 19.05 8.43 +0.17 Tendency 5.61-5.8  3.85 175.83 + 39.21 19.05 165.49 + 29.48
Norm. 2> 5.81 96.15 8.54 £ 0.31 71.43 8.14+0.42 Norm. =581 96.15 15897 + 12.06 71.43 176.91 + 13.61
BEC,, n=23 n=20 BEC,, n=23 n=20
PSE 2 8.00 11.54 9.11 £0.83 9.52 9.54%0.75 PSE 2 8.00 11.54 176.72 £20.49 9.52 187.54 +27.16
Tendency 5.00-7.99 19.23 898 +0.50 23.81 8.81+0.43 Tendency 5.00-7.99 19.23 163.45 + 20.93 23.81 162.40 + 14.26
Norm. <4.99 69.23 826+0.40 66.67 8.41 %048 Norm., <£4.99  69.23 138.11 £ 1445 66.67 175.23 + 22.00
SpH, n=23 n=20 SpH, n=23 n=20
PSE <56 1538 8.79+0.56 57.14 8.88+0.51 PSE <56 15.38 171.49 £ 15.76 57.14 200.17 + 16.51
Tendency 5.61-5.8 7.70 7.05+0.84 19.05 8.76+0.63 Tendency 5.61-5.8  7.70 153.73 £41.98 19.05 162.97 + 18.31
Norm. 25.81 76.92 846+ 037 23.81 8.67+0.38 Norm. = 5.81 76.92 134.77 £ 13.90 23.81 185.41 + 16.45
SECq, n=23 n=20 SEC, n=23 n=20
PSE = 8.00 15.38 B8.78 £0.73 14.29 8.91 £0.51 PSE = 8.00 15.38 171.22 £ 18.09 14.29 203.69 + 14.94
Tendency 5.00-7.99 65.39 848+ 031 23.81 8.66+0.82 Tendency 5.00-7.99 65.39 167.62 + 14.53 23.81 177.91 + 22.17
Norm, <4.99 19.23 817+ 1.17 61.90 8.72£0.91 Norm, <499 19.23 15433 £28.22 61.90 167.62 + 19.31

was a high variability in these traits between and within
the groups of RYRI genotypes.

Several significant but low or medium correlations were
found between the pH, values from biopsy samples and
after slaughter (0.39; P < 0.05); between ECs, values from
biopsy samples and after slaughter (0.23; P < 0.05).
Higher correlations were found between pH, and ECs, at
biopsy and after slaughter measurements [-0.56; P < 0.01;
—0.77; P < 0.001 (Tab. 6)]. The glycogen concentration
was highly significantly correlated with the electric con-
ductivity of biopsy samples (-0.32; P < 0.01) and lactic
acid concentration with glucose content (0.44; P < 0.05).

Lahucky et al. (1982) found a highly significant cor-
relation between the glycogen content and pH, of biopsy
samples; however these findings were not confirmed in
our study. There are differences in the absolute pH, values
of biopsy samples and after-slaughter values. Based on
this fact and low correlation coefficients we came to a con-
clusion that the biopsy test of pH, in pigs is questionable
for the estimation of meat quality. pH, values are probably
the trait that dynamically changes during ontogenesis.
Therefore it is necessary to measure the values after slaugh-
ter to improve meat quality evaluation. Regarding these
facts we recommend to select other methods of measuring
of meat quality traits when we want to come to a final
solution of this problem (R-value, WHC, etc.). For example
Lahugky et al. (1997) and Cheah ez al. (1993) found the
high correlation coefficients between in vivo (biopsy) and
after-slaughter measurements of fluid volume, R-value

Table 6. Correlation coefficients between meat quality traits

Trait  BpH, BEC,, GLYC GLUC LAC SpH, SEC,,
BpH, - -0.56" -005 -0.02 -0.11 039" -0.17

BEC,, - -032" -0.05 -0.11 -036"" 0.23°
GLYC = 0.04 0.6 0.13 -0.08

GLUC - 044" -0.10 -0.008
LAC - 0.04 -0.14

SpH, - 0Tt
SEC,, N

*P<0.05; *P<0.01; *"P<0.001

and pH,. These authors supported the suitability of biopsy
prediction tests for the differentiation of animals with
PSE meat.
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Casopis uvefejiiuje plivodni experimentalni price, kratkd
sdéleni, pfehledy, studie, informace a recenze. Préce jsou uve-
tejiiovany v anglidting.

Autor je pln& odpové&dny za plivodnost prace a za jeji véc-
nou, jazykovou a formdlni spravnost. K praci musi byt
pfiloZeno prohlaseni autora o tom, Ze price nebyla publikovéna
jinde.

Préci uréenou k uvefejnéni dodaji autofi s anglickym a ces-
kym (slovenskym) abstraktem. Autofi jsou povinni zajistit
kvalitni pfeklad do angliétiny. Rukopisy se viemi pfilohami se
dodéavaji ve dvou vyhotovenich a na disketé. V priivodnim
dopisu je tfeba uvést editor pouZity ke zpracovani rukopisu
na PC.

EXPERIMENTALN{ PRACE by méla sestévat z t&chto &4sti:
titulni strana, abstrakt, kli¢ové slova, ivod, materidl a metody,
vysledky, diskuse, pod&kovani, literatura, tabulky a obrazky
(grafy) s vystiznym popisem. Rozsah price by nemé] pfeséh-
nout 15 stran v&etné tabulek, obrazkl atd.

KRATKE SDELENI by mélo obsahovat tyto &sti: titulni
strana, abstrakt, kli¢ové slova, hlavni text, podékovani, litera-
tura, tabulky a obrdzky s popisem. Rozsah price by nemél
pfesahnout 4 strany.

PREHLEDNY CLANEK (STUDIE, REVIEW) obsahuje
souhrn poznatkli dané problematiky. Rozsah &ldnku by nemél
byt vétsi neZ 20 rukopisnych stran a zpracovana literatura by
méla byt z obdobi poslednich 20 let. K €lanku je tfeba pfipojit
kratky abstrakt v angli¢tiné a ¢estin€ (slovensting).

Titulni strana

Nizev prace (titul) musi vystizné informovat o zam&feni
prace a nemél by pfesdhnout 85 thozi. Nesmi obsahovat
zkratky a nadbytetné slova (hodnoceni, studium, popis, struéné
vysledky, pfedb&né informace apod.). Jsou vyloudeny pod-
tituly &lankd. Uvadi se v angliéting a v Cestin€ nebo slovensting.

Autofi se uvadéji zkratkou kiestniho jména a pfijmenim
(u Zen je moZné pouZit plné kfestni jméno).

Pracovité autorl se uvadi v angliting v oficialni verzi.
Pokud jsou autofi z vice pracovist, uvadi se u jejich jména &islo
odpovidajici stejnému &islu v seznamu pracovist’.

Abstrakt musi obsahovat podstatné idaje o metodickém
pfistupu k feSeni problému, vystizné popsané dosaZené
vysledky a jejich statistickou v§znamnost a struéné a jedno-
znadné zévery, které z nich autofi vyvozuji. V abstraktu se
necituji 24dné publikace a nediskutuji vysledky.

Klitov4 slova musi co nejlépe charakterizovat studovany
problém.

UVOD by mél informovat o aktuilnim stavu vyzkumu
v daném tématu a o cili prace. Citovanymi publikacemi se
doklada stav soudasnych poznatki, z nichZ autofi vychazeji,
nikoliv vie, co jiZ bylo uvefejnéno. Citace uvedené v textu musi
souhlasit s udaji v seznamu literatury. Uvadény by mély byt
pouze citace z lektorovanych periodik.

MATERIAL A METODY musi poskytnout jasny popis
pouZitych:

— Stroji, pfistrojii a zafizeni, chemikélii, diagnostickych sou-
prav apod. (typ, zdroj nebo vyrobce, zemé piivodu) a zpiisob
jejich pouZiti,

— Zvifat/rostlin (pfesna definice druhu, poétu a zdrojd, jejich
rozdéleni do pokusnych a kontrolnich skupin, zplsob
a podminky chovu/p&stovani, hodnoceni stavu, odb&r
vzorkl a jejich uchovavani do zpracovéni).

— Metod (podrobny popis nebo citace dostupné prace, ve které
je popis metody); je nepfipustné citovat praci, kterd pouze
odkazuje na metodu, ale neuvadi jeji popis. Pfipadné modi-
fikace citovanych postupli musf byt jednozna¢né popsény.
Pokud metody neprovadéli autofi prace, musi byt uvedeno,
kdo dodal vysledky (jméno a pracovistg).

— Zplsobli vyhodnoceni vysledki, statistickych metod
a pouzitych programi.

VYSLEDKY musi byt zpracovény pfehledné& a pokud
mozno vyjadfeny graficky nebo v tabulkdch. Neni pfipustna
dokumentace stejnych vysledki jak v tabulkéch, tak jesté také
v grafech; nejsou pfipustné prostorové (trojrozmémé) grafy.
Statistické vyhodnoceni musi mit logické zdiivodnéni a do-
konalé zpracovani. Vysledky by mély obsahovat idaje, které
umoznf jejich ové&feni (napf. pfi hodnocenf vyznamnosti
rozdilu dvou priméri je tfeba uvést primér, podet stanoveni
a smérodatnou odchylku). Statisticky vyznamné rozdily musi
byt v tabulkdch nebo v grafech vyjadfeny jednoznaéné
a ptehledné. V prici nelze uvadét vysledky ziskané postupem,
ktery neni popsén nebo citovin v metodice.

DISKUSE miiZe byt spojena s popisem vysledkid nebo
uvedena v samostatné ¢asti, ale v tom pfipadé se v diskusi popis
vysledkli nesmi opakovat. Diskuse mé jednozna&né vyjadfit
srovnani dosaZenych vysledkil s dosud zndmymi poznatky, aby
bylo zfejmé, co je ve vysledcich zcela novym poznatkem, v &em
se dosaZené vysledky lii od nélezi jinych autor nebo v ¢em
se s nimi shoduji. Diskuse mé zdiiraznit vyznam vysledkl
a upozornit na noveé oteviené otizky a na potfebu jejich feseni.
V poslednim odstavci diskuse by mélo byt uvedeno, zda bylo
dosaZeno cile vytteného v tivodu a jaké z toho autofi vyvozuji
Zavéry.

Podekoviéni vyjadfuje uznani autorli za pomoc s interpretaci
vysledki, za posouzeni price a pfispéni k jejimu zpracovéni,
za finan¢ni nebo jinou podporu, za technickou spoluprici, za
poskytnuti materidli nebo dileZitych informaci, za provedené
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vySetfeni bez aktivni tviiréi spoluicasti na feSeni, za pieklad
nebo jazykovou Upravu apod. Podékovéni je také cestou k od-
liSeni autorl od spolupracovnikii nebo jinych ucastniki, ktefi
k préci prispéli svym ndmétem, radou, poskytnutim metodik,
resp. pokusného materidlu z jinych experimentd, & umoznili vy-
uziti pfistrojii apod., ale nezi&astnili se sami aktivng a tviir-
¢&im zplisobem feSeni popisovaného problému.

LITERATURA (seznam citovanych praci) musi za-
hmmovat vSechny prace citované v textu (v pfipadé citaci
vice praci z jednoho roku se v textu i v seznamu litera-
tury odliduji pismeny a, b, c...). Pokud mé prace vice
autort, uvadéji se v seznamu praci viichni (v textu viak
jen prvni z nich s dodatkem et al. a rokem vydéni). Autofi
se uvadéji malymi pismeny, kiestni jména inicidlami,
v zavorce rok vydani, za dvojtetkou nazev citované prace,
oficialni zkratka Casopisu, svazek, strankovy rozsah.

Literatura by mé&la sestévat z lektorovanych periodik. Neni
Z4douci, aby byly citovany vysledky z referdtl pfednesenych
na konferencich, z vyzkumnych zprév, z disertanich a habi-
lita¢nich spisi, z ucebnic a monografii bez popisu nebo citaci
experimentélnich praci, z populdrniho nebo z denniho tisku
a z obtiZzné dostupnych (pro zahrani¢i zcela nedostupnych)
zdrojli. Jen vyjimedné lze v diskusi pfipustit citaci nepubliko-
vaného nézoru nebo vysledku s uvedenim autora a s pozndmkou
(nepublikovano) nebo (osobni sd&lenf). Tato citace se ne-
uvadi v seznamu citovanych praci.

Priklad citaci v seznamu (zkratky asopisti se uvadéji podle
Science Citation Index nebo Current Contents):

Brown J. (1995): Estradiol determination in post-partum sows.
J. Endocrinol., 798, 155-169.

Green K. L., Grey M. (1996): Hormones in milk. J. Anim.
Res., 29, 1559-1571.

Reed G., Green K. L., Brown J. (1989): Peptides as a biologi-
cal active compounds. J. Dairy Sci., /44, 25-38.

Prace v monografiich a ve sbornicich se uvadgji podle nasle-
dujiciho vzoru:

Kal4b J. (1995): Changes in milk production during the sexual
cycle. In: Hekel K. (ed.): Lactation in Cattle. London, Aca-
demic Press. 876-888.

V seznamu literatury nelze uvadét prace, které nejsou

citovany v textu.

PFiklad citace v textu: ...popsal Brown (1995), ...popsala
fada autorl (Brown, 1995; Green and Grey, 1996; Reed et al.,
1998)...

Tabulky a obrizky se dodavaji zvIast' a na viechny musi
byt odkaz v praci. Viechny ilustrativni materidly by mé&ly mit
kvalitu vhodnou pro tisk. Je neZadouci, aby velikost grafu a
velikost popisii v ném byly v nepoméru (velky graf a drobny

48

popis nebo naopak). Fotografie i grafy jsou v textu uvadény
jako obrézky a jsou &islovany priib&Zn&, KaZdy obrézek musi
mit struny a vystiZzny popis.

Kontaktni adresa jednoho z autortl, na kterého miiZe byt za-
silana korespondence, je uvadéna v &estiné nebo slovensting
(popf. v angli¢tiné u zahrani¢nich autorit) na konci price. Kromg&
postovni adresy obsahuje éisla telefonu a faxu a e-mail adresu.

Dalsi poZadavky

Rukopis prace se dodava vyti§tény béznymi fonty ve veli-
kosti 12. Dalsi technické poZadavky (zpracovani obrazku
a moznost uvefejnéni fotografii, doporudené textové editory,
forméty digitalizovanych obrdzkl apod.) si lze vyZidat v re-
dakci. Rukopis v&etn& obrdzkl na disketé musi byt vidy
doplnén i sou¢asnym odeslanim vyti§téné verze v poZadovaném
pottu dvou vytiskdl. Textovy soubor se na disketu uklada bez
déleni slov a zarovnan{ blokii. Rukopis musi byt pséan s Sirokym
okrajem, dvojitymi mezerami mezi fadky a na papiru formatu
A4, JestliZe jsou grafy vytvofeny v programu EXCEL (vSechny
stejnym zplisobem), je potfeba je dodat s tabulkou, z niZ byl
piisludny graf vytvoren.

Zkratky a symboly pouZivané v préci je nutné pfi jejich
prvnim uvedeni vysvétlit. PouZivané jednotky musi odpovidat
soustavé mérovych jednotek SI.

Lektorsky posudek autofi pe¢livé prostuduji a prici podle
pfipominek co nejdfive upravi a vrati redakci. Souasné s upra-
venou praci se vraci i plivodni rukopis s doprovodnym do-
pisem, v némzZ je uveden seznam provedenych uprav, pfipadné
diivod pro¢ s pfipominkami lektora autofi nesouhlasi. Autofi
maji pravo odmitnout stanovisko lektora, musi v3ak sviij nazor
pisemné zdivodnit. Redakce petlivé zvaZuje stanovisko autord,
nemusi viak jejich ndmitkim proti pfipominkam lektorli vyhovét.

Korektury se provadéji do dvou dnli s pouZitim b&nych
korektorskych znagek (moZno vyZidat v redakci). Provedeni
korektury se oznatuje slovem IMPRIMATUR v pravém
hornim rohu prvni strany, datem a podpisem. Pfi korekturach
nelze provadét v&tsi zmény textu nebo zmény, které méni vy-
znam sdéleni nebo stanoviska autorli v rukopisu pfijatém
k uvefejnéni.

Separdty: Autor obdrzi zdarma 10 separitnich vytiskd
prace.



