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Influence of high environmental temperatures
and evaporative cooling on some physiological,
hematological and biochemical parameters

in high-yielding dairy cows

Vliv vysokych teplot prostfedi a evapora¢niho ochlazovani
na vybrané fyziologické, hematologické a biochemické
ukazatele u vysokoprodukénich dojnic

M. KouskovA!, I. KnizkovA?, P. Kunc?, H. HArTLOVA!, J. FLusser®, O. DoLEzAr?

1Czech University of Agriculture, Prague, Czech Republic

Research Institute of Animal Production, Prague-Uhfinéves, Czech Republic

*Institute of Information Theory and Automation of the Academy of Sciences of the Czech Republic,
Czech Republic

ABSTRACT: The objective of this study was to ascertain if regular cooling by sprinkling could influence the heat
stress in high-yielding dairy cows and which of monitored parameters are suitable heat stress indicators. The scheme
of experiment included a week acclimatization, progressive rise of air temperatures, hot period (HP), progressive fall
of air temperatures, cool period (CP) and the same cycle with water evaporative cooling by sprinkler (HPC — hot
period with cooling). High ambient temperatures caused homeostasis disturbance, a significant increase (P < 0.05)
in rectal temperature (from 37.3 to 39.3°C), respiration (from 28 to 81 breath/min) and pulse rate (from 64 to
81 pulse/min). The hematocrite value and erythrocyte number rose significantly at the beginning of HP, from
32.48 to 41.6 I/l and from 6.84 to 8.18 T/, respectively (P < 0.05). In addition, total protein values increased from
68.95 to 76.75 g/l in HP (P < 0.05). Then their gradual decrease occurred, caused by their enhanced utilization
for gluconeogenesis, as confirmed by significant urea increase. In HP urea levels rose from 4.08 to 4.84 mmol/l
(P < 0.05). The hemoconcentration caused a significant increase in glucose (from 2.898 to 3.35 mmol/l, P < 0.05),
and then a quick decrease to 2.91 mmol/l occurred (P < 0.05). Glucose concentration changes had the opposite
course than urea concentration changes. Cooling by sprinklers (HPC) improved some physiological and hemato-
logical parameters, but not the biochemical parameters. The respiratory and pulse rate rose significantly as in HP
(P < 0.05), t0 30 breath/min and 68 pulse/min, but rectal temperature increased only slightly to 38.1°C. A decrease
in glucose concentration occurred again at the beginning of HPC (2.82 mmol/l) and there was no significant dif-
ference between levels at the beginning of HP and HPC. The significant urea growth occurred (P < 0.05), when
comparing urea levels in CP (4.08 to 4.84 mmol/l) and in HPC (6.56 to 6.45 mmol/l). We recommend rectal
temperature measurement for a general condition check. A comparison of total protein and urea levels can be used
to judge the metabolic situation.

Keywords: dairy cows; heat stress; water evaporative cooling; rectal temperature; respiratory and pulse rate; blood
samples

Supported by the Grant Agency of the Czech Republic (Project No. 523/99/1489) and Ministry of Education,
Youth and Sports of the Czech Republic (Project No. MSM 412100003).
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ABSTRAKT: Cilem této price bylo zjistit, zda dokéZe pravidelné ochlazovini sprchovinim ovlivnit tepelny stres
u vysokoprodukénich dojnic a které ze sledovanych parametrii jsou vhodnymi ukazateli tepelného stresu. Schéma
experimentu zahrnovalo tyden aklimatizace, progresivni riist teploty vzduchu, horké obdobi (HP), progresivni
pokles teplot vzduchu, chladné obdobf a stejny cyklus s ochlazovdnim se sprchovdnim vodou (HPC). Vysoké teploty
prostiedi zptisobily narudeni homeostdzy, pritkazny ndrist (P < 0,05) rekudlni teploty (z 37,3 na 39,3 °C), pottu
dechii (z 28 na 81 dechii/min) i tepové frekvence (z 64 na 81 tepi/min). Na zatdtku HP se signifikantné zvysily
z 32,48 na 41,6 /1 hematokritové hodnoty, poéet erytrocyti z 6,84 na 8,18 T/I (P < 0,05). Také hodnoty celkové
bilkoviny vzrostly z 68,95 na 76,75 g/l v HP (P < 0,05). Pak nastal postupny pokles hodnot zptisobeny jejich
zvy3enou utilizaci pro glukoneogenezi, jak dokazuje ndriist mocoviny. P¥i HP hladina mocoviny vzrostla z 4,08 na
4,84 mmol/l (P < 0,05). Hemokoncentrace zpiisobila pritkazné zvyseni glukézy (z 2,89 na 3,35 mmol/l, P < 0,05),
pak nastal rychly pokles na 2,91 mmol/l (P < 0,05). Zmény koncentrace glukézy mély opaény priibéh nef zmény
u moéoviny. Ochlazovin{ sprchovinim (HPC) zmirnilo nékteré zmény fyziologickych a hematologickych, méné
biochemickych ukazateli. Dechové a tepové frekvence se prikazné zvysila jako pfi HP (P < 0,05) na 30 dechu
za min a 68 pulsii za min, ale rektdln{ teplota stoupla jen mirné na 38,1 °C. Na za¢dtku HPC se znovu projevil
pokles koncentrace glukézy (2,82 mmol/l), rozdil mezi jeji hladinou pti HP a HPC nebyl prikazny. P¥i srovndn{
hladin moéoviny pfi CP (4,08 az 4,84 mmol/l) a HPC (6,56 aZ 6,45 mmol/l) byl prokdzén signifikantni rozdil (P
< 0,05). Pro posouzeni celkového stavu organismu doporuéujeme méfeni rektilni teploty. Srovnan{ hladin celkové
bilkoviny a mo&oviny je moZné pouiit pro zvéZeni metabolického stavu.

Kli¢ov4 slova: dojnice; tepelny stres; ochlazovéni vodou; rekeélni teplota; dechov4 a tepovi frekvence; vzorky krve

The most sensitive cattle category to high ambi-
ent temperatures are lactating dairy cows, because
they produce much more heat than non-lactating
ones (Blackshaw and Blackshaw, 1994), especially
dairy cows in an early stage of lactation (Johnson
et al., 1987).

If the organism does not succeed in maintaining
body temperature in physiological range, hyper-
thermia occurs. Metabolic intermediate products
cumulate in blood and hemoconcentration rises
with a plasma volume decrease. The hyperthermic
stress influence depressively the milk yield, decreases
the food intake, worsens the health condition and
affects the behaviour of cows. Heart activity and
protein content in milk decrease, respiratory rate,
body temperature, drinking frequency and partially
water intake increase in dairy cows (Shearer and
Beede, 1990).

The acclimatization has a great importance for re-
sistance to high temperatures. Most of physiological
variables stabilize after about 10-15 days of expo-
sure to heat stress (Ronchi ez 2/., 1999). Changes in
environmental temperatures are often very sudden
and an adaptation reaction proceeds only seldom
without a negative impact on performance. That is
why various methods of heat stress alleviation are
used in practice.

Cooling can alleviate the heat stress and can
improve thermal balance and both productive
and reproductive performances in dairy cows (Lee
et al., 1999). Omar et al. (1996) found out, that

310

red blood cell number and hematocrite value were
reduced by cooling, while white blood cell number
was increased. However, Abdel-Same and Ibrahim
(1992) described a significant rise in hemoglobin
concentration and hematocrite value.

Amadori et al. (1997) suggested that the meas-
urement of clinical and hematological parameters
could be used to evaluate welfare in cattle. The
respiratory rate can be used as an indicator of heat
stress (Gaughan ez 4/., 2000). However, a change in
respiratory character can happen during the stress.
For example, Bianca (1971) described fast and shal-
low respiration in the first phase and slightly slower
but deeper respiration in the second phase of the
heat stress.

Our aim was to find what parameters are suitable
for heat stress appreciation and whether and how
much the regular cooling manages to alleviate and
moderate the heat stress in high-yielding dairy cows.
Selected physiological, hematological and biochemi-
cal parameters were used for the assessment, to make
the range of monitored functions in animals as wide
as possible, and, at the same time, in respect to pub-
lished and recommended data in references.

MATERIAL AND METHODS

Four healthy Holstein dairy cows, 2-3 months
post calving; with daily average milk-yield,
27.81 kg (2nd to 3rd lactation) were used in the
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experiment. These dairy cows were housed in ex-
perimental conditions of climatic chamber (con-
trolled temperature, relative air humidity and air
flow), in free-stalls, fed by total mix ration (TMR
— hay, corn silage, grain feed, straw and mineral
supplements ad libitum) according to milk yield.

The scheme of experiment included a week of ac-
climatization, progressive rise of temperatures, hot
period (HP), progressive fall of temperatures, cool
period (CP) and the same cycle with water evapora-
tive cooling by sprinkler (HPC — hot period with
cooling) (Figure 1). The cooling was provided every
20 minutes for 50 seconds (4 nozzles) at the tem-
peratures above 21°C in all chamber. The Figure 1
shows, when the measurements were made and
blood samples collected from v. jugularis.

The assessed parameters were: rectal temperature
(by digital thermometer), respiratory and pulse rate
(by adspection). Hematological parameters analysis
— erythrocyte and leucocyte number, hematocrite
value, and hemoglobin concentration was carried
out using Coulter Counter model ZF (Coulter
Electronics Ltd, England). Differential cell meth-
od ‘was counted in light microscope. Blood serum
was used for biochemical detection — glucose, urea
and total protein concentrations, ALT (alanine
aminotransferase) and AST (aspartat aminotrans-

ferase) enzymatic activities were determined. The
obtained values were statistically processed by F-test
and T-test.

RESULTS

Marked changes in physiological parameters oc-
curred during ambient temperatures of 32°C in hot
period (HP). The respiratory rate increased 2.6x,
from 28 to 81 breath/min, pulse rate was signifi-
cantly increased as well — from 64 to 81 pulse/min
(P < 0.05). The body temperature also enhanced,
especially at the end of the first hyperthermic pe-
riod without cooling (HP) (from 37.3 to 39.3°C
at average). In the hot period with cooling (HPC),
the respiratory and pulse rate were approximately
on the same high level as in heat without cooling
(HP), 30 breath/min and 68 pulse/min, but rec-
tal temperature increased only slightly to 38.1°C
(Figure 2).

The hematocrite value and erythrocyte number
rose significantly at the beginning of HP, from
32.48 to 41.6 1/l and from 6.84 to 8.18 T/l, respec-
tively (P < 0.05). The rise in the both parameters
was not significant in HPC. There were significant
differences between hematocrite values (41.6 and
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Figure 1. The experiment scheme
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and cooling

33.23 l/l) and erythrocyte number (8.18 and
7.09 T/l) compared in HP and HPC (P < 0.05).
The hemoglobin concentration did not showed
significant differences (Figure 3).

At first, the leucocyte number decreased signifi-
cantly in HP until a period of lower ambient tem-
peratures (from 8.32 to 5.02 G/I, P < 0.05). Then,
in the cool period of experiment (CP), a significant

increase to 8.22 G/l was noticed (P < 0.05), in the
following HPC their number was maintained on
the similar level with non-significant differences
(Figure 4).

A decrease in white blood cell number after HP
was probably due to significant fall of lymphocyte
number — their relative distribution significantly
decreased from 64 to 46% (P < 0.05) in the middle
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Figure 3. The mean values of haematocrite value, haemoglobin concentration and erythrocyte numbers related to

environmental temperatures and cooling
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of cool period after HP. At the same time, a relative
increase in neutrophile number occurred (from 32
to 51%, P < 0.05), their number decreased again to
27% in HPC. The growth of eosinophile number
to 6% in last two measurements was caused by their
marked increase in one dairy cow. The basophile
number has always been below one percentage;

the monocyte number was between 2-4%, only in
dairy cow No.1 it increased to 5, or 6% when qual-
ity of milk decreased (the milk quantity and quality
were tested as well — nonpublished data).

Total protein concentration in blood serum
significantly increased from 68.95 to 76.5 g/l in
HP (P < 0.05), in the cool period it decrease to
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Figure 5. The mean values of total protein, urea and glucose levels related to environmental temperatures and cooling
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69.03 g/l (P < 0.05), and a further significant re-
duction to 62.97 g/l was manifested in HPC (P <
0.05) far below the reference range. Total protein
values increased again to 69.05 g/l when the ambi-
ent temperature was reduced at the end of experi-
ment (Figure 5).

At the beginning of HP a significant increase
from 2.98 to 3.35 mmol/l in glucose concentra-
tion occurred, then (still in HP) a quick decrease to
2.91 mmol/l occurred (both P < 0.05). Glycaemia
stabilised on the value above 3 mmol/l in the cool
period of the experiment. A decrease in glucose
concentration occurred again at the beginning of
HPC (2.82 mmol/l), but there was no significant
difference between levels at the beginning of HP
and HPC. The significant urea increase (P < 0.05),
in comparison with their levels (4.08 to 4.84
mmol/l) in lower ambient temperatures, expressed
in both HP (6.64 to 7.13 mmol/l) and HPC (6.56
to0 6.45 mmol/l). There was no significant difference
between these high values, both of them exceeded
physiological range. A comparison of glucose and
urea levels revealed that urea concentration in-
creases with the fall of glucose level.

Serum ALT activity at first fell from 0.454 to
0.297 pkat/l in HP (P < 0.05), then gradually rose
to 0.482 pkat/l in the cool period in the middle
of experiment and beginning of HPC (P < 0.05)
and quickly fell to 0.416 at second measurement
in HPC (P < 0.05) and to 0.36 pkat/l at the end

of experiment. Serum AST activity increased from
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0.502 to 0.605 pkat/l at high temperatures, after HP
it had a decreasing trend at the end of experiment
(from 0.602 to 0.36 pkat/l, P < 0.05) (Figure 6).

DISCUSSION

It is known that the heat stress increases rectal
temperature, as well as respiratory and pulse rate
in cattle (Marai et al., 1997; Itoh et al., 1998).
Eigenberg ez /. (2000) reported that respiratory
rate positively correlates with ambient temperature.
Gaughan ez a/. (2000) suggested to use respiratory
rate as an indicator of heat stress. Our results show
that maximum respiratory rate occurred at the be-
ginning of exposition, and then there was a progres-
sive fall, though the ambient temperature was at the
constant level of 32°C. It could be deduced from
this that the intensity of stress decreased. However,
the measurement of other parameters showed that
it was not the case.

For example, rectal temperature of dairy cows
increased even by 0.8°C in 7 days of HP. The ther-
moregulatory mechanism probably failed, rectal
temperature in dairy cow No.l even increased to
40.5°C. Ronchi ez 2l. (1999) found that the rec-
tal temperature increased during the first days of
exposition to a high level and then progressively
fell down till the end of hot period. Blackshaw and
Blackshaw (1994) also recorded a step rise of the
rectal temperature and respiratory rate on the first
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day of experiment. These parameters then gradually
declined and heart activity slightly slowed down.

The pulse rate was significantly increased during
HP, but its significant decrease after 7 days was even
more marked at the beginning of the cold period.
In one of dairy cows, the pulse rate fell down to 42
beats in a minute, which was half the number of the
value measured at the beginning of HP. Neuheimer-
Thoneick ez al. (1988) observed a long-term effect of
temperature of 30°C on dairy cows and found out a
pulse rate decrease by about 11.3%.

A recurrent enhancement of pulse rate to origi-
nal levels occurred again at the end of cool period.
Then only a mild increase followed in HPC, which
evidenced a positive effect of cooling. Lee ez al.
(1999) also demonstrated that cooling could re-
duce the heat stress and improve heat balance and
dairy cow performance. Cooling decreases rectal
temperature, respiratory and pulse rate (Omar ez
al., 1996; Trout et al., 1998).

Hematocrite value, hemoglobin concentration
and erythrocyte number rise, especially at the
beginning of HP, evidenced a rise of blood con-
centration. This hemoconcentration was initially
induced by an increase in erythrocyte number, later
by plasma dehydration (Bianca, 1971). Toharmat
and Kume (1997) did not find any significant dif-
ference between hematocrite value and hemoglobin
concentration in hot and cool weather. In further
work, however, Toharmat ez 2/. (1998) described
an increase in hematocrite values and hemoglobin
concentration in summer. Lee et al. (1976) de-
scribed a significant decrease in hematocrite value
in dairy cows exposed to high temperatures. This
hematocrite and red blood cells decrease were per-
haps caused by a rise in erythrocyte destruction,
hemodilution effect could also participate here,
because more water was transported in circulatory
system for evaporative cooling.

Cooling by sprinkling prevented marked changes
in red blood picture, only non-significant increase
in hematocrite value and erythrocyte number oc-
curred at the beginning of HPC. Some articles,
however, reported that cooling of heat stressed
dairy cows increased blood hemoglobin concen-
tration (Aboulnaga ez al., 1989; Abdel-Samee and
Ibrahim, 1992).

The leucocyte number significantly decreased
during HP until the period of lower ambient
temperatures, then a significant rise in leucocyte
number followed in this cool period of experiment
and was maintained on the same level in the follow-

ing HPC. Hartmann et al. (1974) described a de-
crease in leucocyte number in the alarm phase and
leucocyrtosis in the resistance phase of heat stress.
Lee et al. (1976) observed that the enhanced ambi-
ent temperature evoked leucocytosis in cattle.

The proportional distribution of white blood cells
changes at high temperatures. Broucek ez 2/. (1984)
found a decrease in neutrophiles and eosinophiles
and an increase in lymphocytes and monocytes.
Hartman ez al. (1974) also found neutropenia in
calves exposed to temperature of 36°C, then leu-
cocytosis caused by neutrophiles and monocytes
in resistance phase. In our experiment, a rise in
relative neutrophile number and a fall in relative
lymphocyte number occurred, but in cool period,
in HPC, the neutrophile number fell again. Lee
et al. (1976) observed a non-significant growth of
eosinophile number in dairy cows exposed to high
temperature. The high temperatures in HP led to
a decrease in eosinophile number at first, their
number increased in the cool period. There were
great individual differences among eosinophile
numbers; the results were not significant. Because
the quality of milk was also tested (composition
and cell count — nonpublished data), some cows
were treated with antibiotics. These facts could also
play a role in the differences, although only healthy
dairy cows were used in the experiment. It was the
heat stress, which caused a severe affection of their
health condition.

At the beginning of HP, the hemoconcentration
occurred, which is also evident from an increase in
total protein level in blood serum. Patel ez 2/. (1990)
confirmed that the serum protein increase could be
an indicator of hemoconcentration. Probably with
stress progress the protein utilisation increased. It
can be connected with metabolic changes during
the heat stress — limited feed-intake and protein ca-
tabolism. For example, high ambient temperatures
decreased total proteins and non-protein nitrogen
in dairy cows soon after parturition in the experi-
ment described by Brou&ek ez /. (1985).

However, the total protein levels were even more
decreased in HPC, their increase only occurred in
repeated temperature fall at the end of the experi-
ment. Aboulnaga ez 4/. (1989) and Abdel-Samee
and Ibrahim (1992) demonstrated on the con-
trary that sprinkling increased total protein levels.
Hematocrite levels and red blood cell number,
however, did not confirm hemodilution.

Glucose level changes in serum confirmed the
metabolic change as well. The significant rise in
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glucose levels at the beginning of HP was related
to the hemoconcentration, but every heat stress led
to a slight but significant fall of glycaemia. There
are many articles confirming the glucose decrease
during the heat stress (Abeni ez 4l., 1993; Marai et
al., 1995; Ronchi et al., 1995; Itoh et al., 1998).

Aboulnaga et al. (1989) described an enhance-
ment in glucose levels by cooling in heat stressed
dairy cows. In our experiment, however, this effect
was not proved, on the contrary, glycaemia fall
happened, which was significant to glucose levels
in cool period but not to levels in HP. Comparing
glucose and urea concentrations in serum, it is
evident that glucose concentration decreases, the
urea levels increase. This may be due to enhanced
protein utilization with gluconeogenesis. An acute
heat stress, which is present at least 3 days, results
in protein catabolism, decrease in total proteins and
increase in non-protein nitrogen and creatinine in
blood serum (Vercoe, 1974). Ronchi et al. (1997)
recorded that the heat stress reduced glucose in
blood (P < 0.001), increased urea (P < 0.001) and
creatinine as a result of muscular catabolism for
energy supply.

In comparison with cool period a significant
growth of urea concentrations was manifested in
HPC as well. Also Aboulnaga ez /. (1989) found
an urea level increase in cooled dairy cows. In our
experiment, a significant difference between urea
levels in HP and HPC was not proved.

During artificial heat stress or during summer an
increase of transaminase enzyme activities occurred
in serum and water sprinkling improved these pa-
rameters (Marai ez al., 1995, 1997). High ambient
temperatures enhanced significantly AST and ALT
activities (Boots et al., 1970) even in exotic crosses
(Singh and Bhattacharyya, 1984). On the contrary,
according to Ronchi et al. (1999) hepatic enzyme
activities decreased during heat exposition.

ALT and AST activities exceeded the physi-
ological range in our experimental dairy cows.
ALT activity gradually rose in cool period in the
middle of the experiment and fell again in HPC.
AST activity enhanced in HP and remained above
physiological range even after temperature decrease,
only HPC brought about its fall. The increase in
enzymatic transaminase activities was caused by rise
in gluconeogenesis load. Marai ez al. (1995, 1997)
also recorded the increase in transaminase enzyme
activities in high ambient summer temperatures as
their deleterious effects on thyroid, liver and kidney
functions.
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CONCLUSION

The high ambient temperatures affected home-
ostasis in dairy cows. The heat stress increased
respiratory and pulse rates and rectal temperature.
The maximum respiratory and pulse rates were at
the beginning of HP, then fell progressively, though
the ambient temperature was at constant level of
32°C. On the contrary, the rectal temperature of
dairy cows increased by 0.8°C. Therefore we do not
consider respiratory and pulse rates to be suitable
indicators of heat stress intensity.

Hemoconcentration also occurred, which was
proved by hematocrite enhancement and increase
in red blood cell number and total proteins in blood
serum. The metabolism changes were followed by
urea level increase. We deduced from the obtained
results that urea level monitoring could be the suit-
able parameter for heat stress intensity check.

In the second period of this experiment, with
cooling of dairy cows by sprinklers, only a mild
growth of physiological and haematological param-
eters occurred, leucocyte number did not change at
the same time. Further fall of protein levels occurred
while urea concentration increased. ALT and AST
activity changes corresponded with the increase in
protein utilization — higher glucose demand required
an enhanced gluconeogenesis for glycaemia preserva-
tion. It means that evaporative cooling reduces heat
stress, but it has only a small influence on metabolic
symptoms at high temperatures.

The parameter changes were the most intensive in
dairy cows with the highest milk yield and evapora-
tive cooling had the best effect on them.
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An influence of different growth ability of Czech
Large White gilts and Landrace gilts on their
reproductive performance

Vliv rizné rtstové schopnosti prasni¢ek plemen
bilé uslechtilé a landrase na jejich reprodukéni uzitkovost

M. CecHoOVA!, Z. TVRDON?

!Mendel University of Agriculture and Forestry, Brno, Czech Republic
Genoservis, Olomouc, a.s., Czech Republic

ABSTRACT: 8 835 sows of Czech Large White (CLW) and 3 090 Landrace (L) sows were monitored during the
years 1994-1997. An average daily gain was determined during performance test (methodology of field test) and
it was converted for weight of 90 kg. Sows of both studied breeds were placed to groups by the average daily gain
with following intervals: 470 g and less, 471-500 g, 501-530 g, 531-560 g, 561-590 g, 591-620 g, 621 g and
more. During the years 1994—1997 an average daily gain in performance test was rising — from 528.78 t0 562.25 g
(+6%) in Czech Large White gilts and from 521.51 g to 570.07 g (+8.5%) in Landrace gilts. With growing average
daily gain, a number of piglets in litter was rising. In group of Czech Large White sows with the lowest average daily
gain (470 g and less) we found lower number of total born piglets (10.72), number of alive born piglets (10.00)
and number of weaned piglets (9.10) compared to a group with the highest average daily gain (621 g and more),
where the sows reached 11.20 of total born piglets, 10.40 of alive born and 9.16 of weaned piglets. A similar trend
we found in groups of Landrace sows. Statistically conclusive differences were found in Czech Large White sows
among an average daily gain and a number of total born piglets (P < 0.01) and a number of alive born piglets (P <
0.05). In Landrace sows, we determined very high statistically conclusive differences (P < 0.001) among an average
daily gain and a number of total and alive born piglets. We evaluated a coefficient of heritability for number of total,
alive born and weaned piglets of Czech Large White and Landrace and correlative coefficients among an average
daily gain and reproductive traits of both analysed breeds, which were in interval » = 0.0804-0.1572.

Keywords: sow; reproduction; average daily gain; correlation; heritability

ABSTRAKT: Bylo sledovino 8 835 ks prasnic plemene bilé uslechtilé (BU) a 3 090 prasnic plemene landrase (L)
v roce 1994-1997. Priimérny dennf piiristek byl zjitovan pfi providéni zkousek vlastni uZitkovosti, podle metodiky
polni testace a byl pfepoéten na jednotnou hmotnost 90 kg. Podle priimérného denniho pfiriistku byly prasnice
obou sledovanych plemen rozdéleny do nisledujicich intervalii: 470 g a méné, 471-500 g, 501-530 g, 531-560 g,
561-590 g, 591-620 g a 621 g a vice. Primérny denni piiristek ve vlastni uZitkovosti zaznamenal ve sledovaném
obdobi (1994-1997) vzestup u prasni¢ek plemene BU z 528,78 g na 562,25 g (+6,0 %) a u prasnicek plemene L
z521,51 g na 570,07 g (+8,5 %). Se zvysujicimi se hodnotami priimé&rného denniho pfirtistku byl zji$tén rist poctu
selat ve vrhu. U skupiny prasnic plemene BU s nejnizim primérnym dennim pfirtistkem (470 g a méné) byl zjidtén
ni%f polet viech narozenych selat (10,72), pocet Zivé narozenych selat (10,00) a odchovanych (9,10) oproti skupiné
s nejvy$im primérnym dennim piristkem (621 g a vice), kde bylo dosaZeno 11,20 viech narozenych, 10,40 Zivé
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narozenych selat a 9,16 odchovanych selat. Obdobny trend byl zaznamenin i u skupin prasnic plemene landrase.
Statisticky prikazné rozdily byly zjistény u prasnic plemene BU mezi pramérnym dennim pkiristkem a poétem
viech narozenych selat (P < 0,01) a poétem %ivé narozenych selat (P < 0,05). U prasnic plemene L byla zjidténa
velmi vysok4 pritkaznost (P < 0,001) mezi priimérnym dennim pfiristkem a poétem viech a Zivé narozenych selat.
U prasniéek plemene BU doslo ke sniZeni véku pfi prvnim zapuiténi z 282 dnf (470 g a méné) na 242,9 dne (621 g
a vice) a u prasnidek plemene landrase byl obdobny pokles z 271,3 na 234,6 dne. Dile byl vypoditin koeficient
heritability pro podet viech narozenych, %iv& narozenych a dochovanych selat plemene BU, L a korela¢ni koeficienty
mezi primérnym dennim pfiristkem a ukazateli plodnosti, které se u obou analyzovanych plemen pohybovaly

v rozmez{ » = 0,0804-0,1572.

Kli¢ova slova: prasnice; reprodukce; pramérny denni priristek; korelace; heritabilita

Growth and evolution of organism is one of the
most important manifestations of life. It's compli-
cated biological operation, which is in close rela-
tion with meat production and it is quite visible
in young animals. Growth is a typical mark of
polygene character; genotype and environmental
factors share on its manifestation.

Stagnation of an average daily gain of gilts after
the finishing performance test it had a statistically
conclusive influence on a higher age during the first
mating and it had a negative influence on insertion
gilts to breeding (Cetovsky, 1996). Kernerové et al.
(1998) found an acceptable level of growth inten-
sity to 560 g (Czech Large White gilts). Klusdcek
et al. (1987) evaluated 2 783 Czech Large White
sows. Gilts with an average daily gain from 525 g
to 600 g had in the first three litters higher repro-
ductive efficiency than gilts with an average daily
gain from 475 g to 525 g. Hartog and Vestegen
(1990) found, that limited growth after weaning
increases the age of gilts during the start of their
sexual activity. Wolfovd ez al. (1998) analysed an
efficiency structure of dam breeds. During the years
1990-1996, a gain (in field test) was increasing by
23 g in Landrace breed. It represents accrual of 4
g per year. A similar situation was in Czech Large
White gilts.

Many authors mention, fertility is grow-
ing to 3rd—4th litter and then it is decreasing
(Whittemoore ez al., 1995, etc.).

Dufek (1986) determined coefficients of herit-
ability for an average daily gain of Czech Large
White and Landrace 0.728 + 0.07 and 0.643
0.10. Gabri$ ez 2/. (1986) determined coefficients of
heritability of Landrace boars #* = 0.5752 + 0.2264
for this trait in 1982, Pettitek ez al. (1991) deter-
mined for average daily gain /* = 0.34 + 0.054.
Skorupski et 2l. (1996) determined it for average
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daily gain of CLW and L lower (4* = 0.20 and
0.18). Coefficient heritability of fertility is usually
mentioned in interval 42 = 0.0-0.2 (Siewerdt et /.,
1995; Kayaba ez al., 1989, etc.).

Wick (1996) found correlation among fattening
ability and natal size of litter for Czech Large White
gilts 7 = —0.028 and for Landrace gilts » = —0.47.
Popesu-Vifor ez al. (1986) determined genetic cor-
relation between body weight in 101 days of age
and an average daily gain (r; = 0.82), between age
during the first farrowing and a size of litter (7 =
—0.64), between natal size of litter and size of litter
in age of 21 days (r; = 0.78) and between size of
litter in age of 21 days and weight of litter in age
of 21 days (r; = 0.66). Dufek (1986) found genetic
correlative coefficients between number of total and
alive born piglets 7. = 0.878; between number of
total born and weaned piglets 7, = 0.602 and be-
tween number of alive born and weaned piglets
ro=0.706.

MATERIAL AND METHODS

Data for evaluation were taken from control of
efficiency and heritability of pigs (CSN 46 6164)
and Pig Breeders Association in Bohemia and
Moravia. Parts of performance test and control of
reproductive traits from nucleus herds were used.
Sows, which farrowed after mating, were monitored
in our study. The number of evaluated sows dur-
ing the years 1994-1997 was 8 835 Czech Large
White sows (CLW) and 3 090 Landrace sows (L),
respectively. An average daily gain from birth until
90 kg weight was determined during performance
test (methodology of field test — CSN 46 6164).
The sows of both breeds were placed to groups
by an average daily gain with following intervals:
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470 g and less, 471-500 g, 501-530 g, 531-560 g,
561-590 g, 591-620 g, 621 g and more. Next, we
statistically evaluated reproductive traits of studied
sows; these phenotypic values were drawn from
control of reproductive traits efficiency: number of
total born piglets, number of alive born piglets, and
number of weaned piglets. Number of days from
birth until the first successful mating was another
studied trait.

An analyse of systematic influences acting on
phenotypic variance of studied traits was guided
on a base of a model with these effects:

V=0 + CH+ Pt Vit ey,

where: y = evaluared parameter
p = average of population
CH = effect of breeding

P = effect of average daily gain
V' = effect of litter sequence
e =residuum

For following testing of differences a Tukey test
was used.

Determination of correlative coefficients (7) was
done with one factor analyse of covariance with an
influence of father as a source of variability.

Presumption of coefficients of heritability (%)
were done by using analyse of triple hierarchical
sorting variance and were determined after groups

of half siblings along father.

Yju= W+ a+ bj + ot ey

Source of variability: 2 — breeding, & — sire, ¢ — dam,
e — residuum

RESULTS AND DISCUSSION

Monitoring of phenotypic levels of productive
traits it is one of the basic tasks during the study
of genetic trend of population improvement. In
Tables 1 and 2, there is an evolution of level of
an average daily gain of gilts in field test (in g).
Both breeds show an increasing tendency during
the years 1994-1997. In Czech Large White gilts
was a growth over 33.47 g (6%), in Landrace gilts
there was a growth over 48.56 g (8.5%). Variation
interval was low. The highest increase of an aver-
age daily gain was in L gilts between the years
1996-1997 (25.94 g). The highest increase of an
average daily gain was in CLW gilts between the
years 1996-1997 (14.37 g). Wolfova ez al. (1998)

Tablel. Basic statistical characterization of average daily gain (in g) of CLW gilts during the years 1994-1997

Year n Average 32 5, v, 5, Min. Max.

1994 771 528.78 2186.17 46.76 0.0884 1.69 359.00 673.00
1995 2558 537.91 2 247.21 47.40 0.0881 0.94 348.00 768.00
1996 2782 547.88 2 230.00 47.22 0.0862 0.90 401.00 857.00
1997 2724 562.25 2 026.33 45.01 0.0801 0.86 420.00 721.00
Total 8 835 547.76 2292.68 47.88 0.0874 0.51 348.00 857.00

Table 2. Basic statistical characterization of average daily gain (in g) of L gilts during the years 1994-1997

Year P Average 52 ) v, s, Min. Max.
1994 301 52151 2660.61  51.58 0.0989  2.98 505.00  721.00
1995 960  538.11 261398 5113 0.0950 1.5 400.00  725.00
1996 959 54413 252631  50.26 0.0924  1.62 418.00  751.00
1997 870 57007 295573 5437 0.0954  1.84 41000  770.00
Toral 3090  547.36  2927.62  54.11 0.0989  0.97 400.00  770.00
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Table 3. Phenotypic level of reproductive traits according to an average daily gain of CLW sows

Trait n Average Total piglets Alive born Weaned
470g and less 419 449.49 10.72 10.00 9.01
471-500 g 918 487.99 10.78 10.01 8.89
501-530 g 1895 516.16 10.72 10.00 8.82
531-560 g 2202 545.23 10.81 10.05 9.01
561-590 g 1797 574.96 10.93 10.14 9.02
591-620 g 1 041 603.72 11.01 10.25 9.17
621 g and more 563 644.28 11.20 10.40 9.16

Table 4. Phenotypic level of reproductive traits according to an average daily gain of L sows

Trait n Average Total piglets Alive born Weaned
470 g and less 209 454.11 10.16 9.64 8.83
471-500 g 402 487.46 10.13 9.44 8.76
501-530 g 636 515.99 10.11 9.64 8.76
531-560 g 673 544.67 10.28 10.00 8.91
561-590 g 499 574.94 10.66 10.00 9.11
591-620 g 384 604.13 10.81 10.15 9.11
621 g and more 287 650.98 11.14 10.43 9.27

Table 5. Results of analyses of variance for number of total, alive born and weaned piglets of CLW sows

Trait Sum of squares  Level of width ~ Average square Stat. F Significance
Tortal piglets 6 695.864 6 1115.977 2.916 0.008™
Alive born 4 543.802 6 757.300 2.286 0.033
Weaned 2 164.253 6 360.709 0.828 0.548

*P<0.05 ** P<0.01, ** P<0.001

Table 6. Results of analyses of variance for number of total, alive born and weaned piglets of L sows

Trait Sum of squares  Level of width Average square Stat. F Significance
Total piglets 9 283.738 6 1 547.290 4.297 0.001™
Alive born 7 789.522 6 1 298.254 4.091 0.001™
Weaned 2 081.951 6 346.992 0.895 0.497

*P<0.05 * P<0.01,** P<0.001
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analysed structure of efficiency of dam breeds and
they mention similar results. They noted the high-
est growth of gain during the years 1992-1996.

If we compare data in Tables 3 and 4, we can
see increasing number of piglets in the first litter
(total, alive born and weaned) in dependence on
increasing average daily gain in field test of both
studied breeds. Statistical importance of depend-
ence of average daily gain and number of piglets
in the first litter (CLW and L) are given in Tables
5 and 6. For a number of total born piglets it was
highly statistically conclusive (P < 0.01) and for
number of alive born piglets it was statistically
conclusive (P < 0.05). An influence of an aver-
age daily gain on number of weaned piglets wasn’t
statistically conclusive. An influence of an average
daily gain on number of total and alive born piglets
of Landrace sows was statistically conclusive (P <
0.001). We can say, that higher growing abilities
have a good influence on reproductive traits. An
influence of an average daily gain on number of
weaned piglets of the same breed wasn’t statisti-
cally conclusive. Kernerové et 2l. (1998) mention
an optimal level of growth intensity of gilts, it is no
more than 560 g. We can agree with this conclu-
sion, but only in part, because we found increasing
reproductive efficiency also with higher gain. We
can agree with Klusdéek ez al. (1987), that Czech
Large White gilts with lower growth intensity had

lower numbers of piglets.

In Figure 1, there is a different level of average
daily gain and age during the first mating. We
can see an influence of decline of age during the
first mating on growing daily gain. An age during
the first mating was reduced from 282.79 days to
242.94 days in CLW gilts and from 271.31 to
234.62 days in L gilts. It’s evident, that L gilts
had a lower age during the first mating with all
levels of gain. Hartog and Vestegen (1990) men-
tion the same conclusion, they mention, restricted
%:rowth after weaning delays start of sexual activity.

efovsky (1996) mentions that stagnation of gilt’s
gain after the performance test lengthens a period
from birth until the first mating.

Basic statistical characterization of chosen repro-
ductive traits of both breeds according to order of
litter (the first — the seventh and more), are shown
in Tables 7 and 8. An average daily gain was re-
duced from 548.42 g on the first litter to 533.72 ¢
on the sixth litters in CLW sows and from 547.32 g
on the first litter to 516.14 g on the seventh and the
next litters in L sows. Coefficients of variance were
favourable and well balanced in a scope of order
of litters. The highest number of total born piglets
we found in fifth litters in CLW sows (12.09) and
in sixth litters in L sows (11.50). Number of alive
born piglets reached the highest values in the fifth
litters in both breeds (11.05 and 10.56). The high-
est number of weaned piglets was in the third litters

in both breeds (9.65). Sows with higher daily gain

285 - 282.79
ocLw WL
. 273.28
o Z71.31 269.67
263.79

o 265
'§ 7.18
< - 253.91
‘%o R 24854  249.66
g 245 4 245.84 243.82 242.94
‘:_&.' 238.11

235 . 234.62

225 -

215 T T 1

470 and less 471-500 501-530 531-560 561-590 591-620 621 and more
Daily gain (g)

Figure 1. An influence of an average daily gain on age during the first mating of CLW and L gilts
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Table 7. Basic statistical characterization of chosen reproductive traits of CLW sows according to order of litter and
dependence on average daily gain

Trait ocf);i(:::r Average 42 5 5= v, Min. Max.
1 8835 54842  2229.88 4722 052  0.0861 348.00  857.00
2 5365 54426  2293.07 47.89 0.65 0.0880 348.00  857.00
3 3526 54037 2252.81 4746 0.80  0.0878 348.00  857.00
%aily gain 4 2246 53811 223698 47.30 1.00  0.0879 348.00  857.00
5 1377 535.10  2233.34 4726 127  0.0883 348.00  698.00
6 718 53372 207679 4557 170  0.0854 348.00  671.00
7and 550 53448 209590 4578 255 00857 36800  647.00
1 8835  10.50 562 237 000  0.2257 1.00 19.00
2 5365  11.23 613 248 003  0.2204 1.00  21.00
3 3526  11.81 658 257 004 02172 2.00 24.00
Torlborn 4 2246 11.89 684 261 006 02199 400  21.00
piglets
5 1377  12.09 616 248 0.07  0.2053 3.00  20.00
6 718  11.93 739 272 010 02278 3.00 21.00
7-ani 322 1154 694 263 015 02284 200  18.00
more
1 8 835 9.81 492 222 002 02262 1.00 18.00
) 5365  10.53 517 227 003  0.2160 2.00 20.00
3 3526  10.95 539 232 004 02119 200  20.00
Alive born 4 2 246 10.98 539 232 005 02114 3.00 19.00
piglets
5 1377  11.05 486 220 006  0.199% 3.00 18.00
6 718 10.86 556 236 009 02170 3.00 20.00
7 and 322 1045 530 230 0.3  0.2203 2.00 16.00
more
1 8 835 8.77 633 252 003 02871 0.00 18.00
2 5 365 9.42 685 262 004 02777 0.00 18.00
3 3526 9.65 687 262 004 02715 0.00 17.00
Weaned 4 2246 9.63 678 260 005  0.2705 0.00 17.00
piglets
5 1377 9.51 7.13 267 0.07  0.2808 0.00 16.00
6 718 9.05 955 3.09 0.12  0.3416 0.00 16.00
7ad  4h 501 1426 378 021 04713 000  15.00

more
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Table 8. Basic statistical characterization of choosen reproductive traits of L sows according to order of litter and

dependence on average daily gain

Order

Trait oF littee n Average £ 5, sz v, Min. Max.
1 3090 54732 2979.89 5459 1.02 00997 400.00  770.00
2 1801 54013 265159 5149 121 0.0953 400.00  726.00
3 1160 53560 2573.03 5073 149 0.0947 400.00  721.00
Pg)aﬂy gain 4 708  531.42 2381.89 48.80 1.83 0.0918 427.00  721.00
5 41 52818 219287 4683 228 00887 427.00  655.00
6 218 52538 243600 4936 334 00939 43400  677.00
ey 95 51614 231178 4808 493 0.0932 43500  622.00
1 3090 . 1021 523 229 004 02239 200  18.00
2 1801 10.52 620 249 006 02366 200  19.00
3 1160 1112 596 244 007 02195 300  19.00
Jotal bt 4 708 11.22 617 248 009 02214 200  20.00
piglets
5 £1 11.30 685 262 013 02317  3.00  20.00
6 218 11.50 644 254 017 02207 500  19.00
an;:‘j 95 11.20 710 266 027  0.2379 4.00 18.00
1 3090 9.59 476 218 004 02277 200  17.00
2 1801 9.94 549 234 006 02359 100  18.00
3 1160 1046 548 234 007 02237 100  17.00
Alive born 4 708 10.50 501 224 0.08 02131 2.00 19.00
piglets
5 £21 10.56 543 233 0.1 02207 300  17.00
6 218 10.54 529 230 0.6 0218 500  18.00
7an 95 1048 636 252 026 02405  3.00  16.00
1 3090 8.78 534 231 004 02633 000  15.00
2 1801 9.17 612 247 006 02699 000  15.00
3 1160 9.65 566 238 007 02465 000  16.00
:ivglf::d 4 708 9.54 652 255 010 02678  0.00 1500
5 421 9.58 539 232 0.1 02424 000  16.00
6 218 9.19 827 288 019 03128 000  14.00
7 and 95 8.00 1515 389 040 04865 000  15.00

more

325



Original Paper

Czech J. Anim. Sci., 47, 2002 (8): 319-327

Table 9. Coefficients of heritability of average daily gain and reproductive traits of CLW and L breeds

CLW L
Trait
a g a 5t
Average daily gain 0.3689 0.11 0.4926 0.05
Number of total born piglets 0.1556 0.09 0.1274 0.04
Number of alive born piglets 0.1064 0.08 0.1029 0.04
Number of weaned piglets 0.0804 0.09 0.1123 0.03

Table 10. Coefficients of correlation between number of piglets and an average daily gain of CLW breed

Character
Character
1 2 3
1
2 0.0354**
3 0.0481** 0.8977**
4 0.0316** 0.6105** 0.6880**

1 = average daily gain in g, 2 = number of total born piglets, 3 = number of alive born piglets, 4 = number of

weaned piglets
*P < 0.05, **P < 0.01

Table 11. Coefficients of correlation between number of piglets and an average daily gain of L breed

Character
Character
1 2 3
1
2 0.1572**
3 0.1549** 0.9186**
4 0.0804* 0.6696** 0.7259**

1 = average daily gain in g, 2 = number of total born piglets, 3 = number of alive born piglets, 4 = number of

weaned piglets
*P < 0.05, **P < 0.01

reached less litters, so it's possible to suppose, that
fast growing gilts have shorter reproductive life.

An influence of breeding and order of litter were
the other factors, which had a statistically conclusive
influence (P < 0.001) on the number of total, alive
born and weaned piglets of CLW and L sows.

Coefficients of heritability for an average daily
gain in field test and for number of total and alive
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born and weaned piglets of both breeds are in Table
9. Determined values 0.37; 0.16; 0.11; 0.08 cor-
respond with information from literature (Gabris
et al., 1986, etc.). Skorupski ez al. (1996) mention
quite lower values of LW and L (4#* = 0.20 and
0.18).

Coefficients of correlation, which were found
among an average daily gain and traits of repro-
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duction (number of total, alive born and weaned
piglets) in both analysed breeds reached values
close to zero (Tables 10 and 11). Coefficients of
correlation, which were found among reproductive
traits in CLW and L sows, reached high positive
values and were highly statistically conclusive.

CONCLUSION

On the base of our results of growth ability (av-
erage daily gain during performance test) we can
claim that during the years 1994-1997 an average
daily gains of CLW and L gilts increased by 33.47 g
(6.0%) and 48.56g (8.5%), respectively.

After following analyses of reproductive data of
sows of both breeds (in groups according to phe-
notypic level of average daily gains in performance
test) we calculated that sows of both breeds with
higher gains reached higher number of total, alive
and weaned piglets. These facts were confirmed
by correlation coefficients on a level 7 = 0.0804—
0.1572.

On the base of these results we can mention that
an actual level of average daily gains of gilts in per-
formance test, gains had no influence on decrease
of phenotypic level of reproduction.
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Studies on the relationship between the body weight,
trunk length and pelt size in arctic foxes

Studium zdvislosti mezi Zivou hmotnosti, délkou téla
a velikosti koZesiny u poldrnich lisek

A. GuGcorek, M. O. Lorek, D. ZABLOCKA

Department of Fur-bearing Animal Breeding, University of Warmia and Mazury in Olsztyn, Poland

ABSTRACT: The aim of the present research was to determine the relationship between the live body weight, trunk
length and pelt size in arctic foxes. The studies were conducted on 257 arctic foxes. Measurements of the body weight
and trunk length were taken directly before slaughter. After slaughter, pelts were subjected to standard processing.
Dried pelts were measured and the values obtained were compared with those concerning the body weight and
trunk length of a given animal. Statistical differences between males and females were determined. The multiple
regression method was employed to calculate the coefficients of correlation between the body weight, trunk length,
and pelt length. Multiple regression formulas were derived to estimate the pelt size (trait Y) before slaughter based
on the body weight (trait X)) and trunk length (trait X,). Those equations make it easier for breeders to determine
the expected size of pelts in a given season before animals are slaughtered, and to estimate their market value.

Keywords: arctic fox; body weight; size; pelt; correlation

ABSTRAKT: Cilem vyzkumu bylo stanoveni zdvislosti mezi Zivou hmotnosti, délkou t&la a velikosti koZesiny
u poldrnich lidek. Sledovani se uskute¢nilo na 257 poldrnich liskdch. Zjistovani Zivé hmotnosti a délky téla probihalo
tésné pfed utracenim zvifat. Pak dolo ke standardnimu zpracovéni koZesin. Méfeni jsme provedli na vysusenych
kozesinédch a ziskané hodnoty jsme porovnali s hodnotami Zivé hmotnosti a délky téla daného zvitete. Byly stano-
veny statistické rozdily mezi samci a samicemi. Pro vypocet koeficientti korelace mezi Zivou hmotnosti, délkou téla
a délkou koZediny jsme poutili metodu mnohondsobné regrese. Na zdkladé Zivé hmotnosti (znak X)) a délky téla
(znak X)) jsme odvodili rovnice mnohondsobné regrese pro odhad velikosti koZeSiny (znak ¥) pted utracenim. Tyto
rovnice umoZfiuji chovateliim snazi{ stanoven{ oéekdvané velikosti koZelin v dané sezoné pted utracenim zvifat

a odhad jejich trini hodnoty.

Kli¢ovd slova: poldrni liska; Zivd hmotnost; velikost; koZesina; korelace

The correlation between various performance the effect of body weight on this parameter has not

traits in fur-bearing animals has been the subject of
numerous papers (Moller, 1992; Nielsen ezal., 1994;
Nurominen and Sepponen, 1996; Piérkowska,
1996, 1998; Leoschke and Michals, 2000; Lorek ez
al., 2001). The price of pelts first of all depends on
their length. It is common knowledge that there is
a positive correlation between the length of trunk
and pelt (Leoschke and Michals, 2000). However,
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been yet fully investigated. The results obtained for
particular species are often contradictory — differ-
ences were noted even between various populations
within the same species. According to Therkildsen
(1989), the pelt size depends not only on the trunk
length and body weight of animals, but also on the
way the cuts are made during fur removal, the
stretching force and the way the pelt is formed on
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the blocks. Because fox breeding is dominated by
arctic foxes, the aim of the present studies was to
calculate the coefficients of correlation between the
body weight, trunk length, and pelt length in arctic
foxes. Multiple regression equations were derived to
determine the expected size of pelts in a given sea-
son before slaughter, and to estimate their market
value based on zoometric measurements taken for
a representative group of farm animals.

MATERIAL AND METHODS

The studies aimed at determining the relation-
ship between the live body weight, trunk length
and pelt size in arctic foxes, were conducted at the
beginning of December, under production condi-
tions. Two hundred and fifty seven arctic foxes:
126 males and 131 females constituted the experi-
mental material. Measurements were taken during
two working days and concerned foxes slaughtered
on these days, selected at random. Measurements
of body weight and trunk length were taken di-
rectly before slaughter. The foxes were measured
with a measuring tape, accurate to 1 cm, from the
tip of the nose to the base of the tail. Their body
weight was determined accurate to 10 g. The pelts
obtained were marked with numbered metal ear
studs and subjected to standard processing. After
drying the pelts were measured with a measuring
tape, accurate to 1 c¢m, from the tip of the nose
to the base of the tail. The values obtained were
compared with those concerning the body weight

and trunk length of a given animal. The results
were elaborated statistically, taking into account
the sex of animals. Statistical differences between
males and females were determined by an analysis
of variance for one-factor non-orthogonal designs.
This allowed finding if coefficients of correlation
can be calculated, and regression equations for-
mulated, for the whole population, or males and
females separately. Then the multiple regression
method was applied to determine the coefficients
of correlation between body weight, trunk length,
and pelt length, separately for males and females.
Multiple regression formulas were also derived, to
estimate the pelt size (trait ¥) before slaughter based
on body weight (trait X,) and trunk length (trait
X,). The results were analyzed statistically using
computer program Statistica Software PL.

RESULTS AND DISCUSSION

Table 1 presents the characteristics of live meas-
urements concerning the body weight, trunk
length, and pelt length in arctic foxes, separately for
males and females. A statistical analysis of the data
collected shows highly statistically significant differ-
ences between males and females in all of the traits
examined. Cholewa (1983) found out that differ-
ences in the structure and size of particular body
parts of arctic foxes indicate sexual dimorphism,
so the indices concerning their constitution should
be considered separately for males and females. In
our own investigations, there was a statistical dif-

Table 1. Characteristics of live measurements (body weight and trunk length) and pelt length in polar foxes

Statistical measures Males Females

Specification

n 126 131

X 12.80** 9.26**
Body weight (kg) range (10.0-16.5) (7.7-13.5)

v 12.28 19.19

x 70.46** 66.27**
Trunk length (cm) range (66-75) (60-79)

v 3.13 4.56

x 119.03** 108.32™
Pelt length (cm) range (108-130) (90-124)

v 3.85 5.56

*P < 0.05, **P < 0.01
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Table 2. Coefficients of correlation between body weight, trunk length and length of pelts obtained from male and

female foxes

Trait Trunk length - X, Pelt length - Y
Male foxes

Body weight — X, 0.509** 0.587**
Trunk length - X, 0.534**
Female foxes

Body weight — X 0.583** 0.754**
Trunk length - X, 0.616**

*P < 0.05, **P < 0.01

ference between the average body weight of males
— 12.80 kg and females — 9.26 kg (Table 1). The
research carried out by Lorek and Gugolek (1992)
did not confirm that there were statistical differ-
ences between the body weight of males and fe-
males. Kubacki (2000) gives body weights of arctic
foxes before slaughter without sex differentiation.
They range from 5.54 kg to 11.42 kg. The differ-
ences in body weight result from various origins of
animals — the highest body weight were noted in
the case of Finnish foxes. In our own studies, the
experimental foxes also belonged to the Finnish
type, which explains their high body weights.
These foxes are characterized by larger size and are
used for improvement of domestic fox population.
The average trunk length of experimental animals
was 70.46 cm in males and 66.27 cm in females.
The average length of their pelts was 119.03 cm
(commercial category “000”) and 108.32 cm
(commercial category “00”), respectively. Table 2
presents the coefficients of correlation between
the traits included in Table 1. In the experimental
population of arctic foxes, the highest correlation
coefficient for males was observed between body
weight and pelt length — 0.587. The coefficient of
correlation between trunk length and pelt length
was 0.539, whereas that between body weight and
trunk length — 0.509. The research conducted by
other authors show considerable differences in the
coefficients of correlation between the traits exam-
ined in such species of fur-bearing animals as rac-
coon dogs, common foxes, and minks (Therkildsen,
1989; Piérkowska, 1998; Lorek ez 2l., 2001). In the
group of females the highest correlation was noted
between body weight and pelt length — 0.754,
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lower berween trunk length and pelt length
—0.616, and the lowest between body weight and
trunk length. Compared with the group of males,
these coefficients are higher, especially with regards
to the correlation between body weight and pelt
length. The studies on minks confirm a correla-
tion between the parameters analyzed. Therkildsen
(1989) proved that there was a correlation between
the body weight of both males (0.89) and females
(0.92) and the length of their pelts after forming.
Different results were obtained by Nurominen and
Sepponen (1996). According to them, experimental
minks given more feed achieved higher slaughter
weights — males by 329 g, females by 227 g — than
control ones. However, their pelts were not longer
than those from control animals, characterized by
lower body weights. This suggests that this solution
is not always positive, especially when fattening is
continued after the growth period. It seems inter-
esting to compare the length of trunk and “raw”
pelt. Therkildsen (1989), who investigated the cor-
relation between the length of “raw” and formed
pelts in minks, found out that those pelts of both
females and males became longer, on average by
20% and 13.5%, respectively. In the present ex-
periment, pelts of males became longer by 48 cm,
whereas those of females by 42 cm. Expressed in the
form of percentages (assuming that trunk length
constitutes 100%), an increase in pelt length was
equal to 69% in males and 63% in females. In the
studies on arctic foxes conducted by Piérkowska
(1996) the coefficient of correlation between body
weight and trunk length was 0.520, i.e. lower than
that achieved in the group of females in the present
experiment, and similar to that noted in the group
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Table 3. Regression equations for estimating the pelt length (cm) in foxes on the basis of live measurements: body

weight and trunk length
Equation No. Multiple regression equation S, R
arctic foxes — males
B Y= 124X, +0.66 X, + 56.61 351 0.42
2 arctic foxes — females
¥Y=203 X + 053X, +54.29 3.76 0.62

Y — pelt length (cm)

X, - body weight (kg)

X, — trunk length (cm)

Sy — standard error of estimation (cm)

R? — coefficient of determination

of males. The correlation between body weight and
pelt length in the above studies was 0.620. In rac-
coon dogs the coefficient of correlation between
body weight and pelt length was 0.227, whereas
that between trunk length and pelt length — 0.449.
They were relatively low, compared with those cal-
culated for foxes. This is probably connected with
a different constitution of raccoon dogs, which are
stocky and capable of depositing fatty tissue in
autumn (Piérkowska, 1998). The correlation coef-
ficients included in Table 2 provided the basis for
deriving multiple regression equations (Table 3), in
which the value estimated was the length of dried
pelts (variable Y), determined by means of in vivo
measurements: body weight (X,) and trunk length
(X). The paper presents two equations calculated
for males and females separately. These equations
are easy to apply, as they require taking two simple
measurements only, which does not cause fur qual-
ity deterioration. Their standard error of estimation
was 3.51 cm in females and 3.76 for males. The
coefficients of determination (R?) between Y, X
and X, were at a level of 0.42 and 0.62.

CONCLUSIONS

High values of the correlation coefficients allowed
to derive multiple regression equations, which may
be applied to determine the pelt length in the pop-
ulation of arctic foxes examined in present studies,
on the basis of live measurements of their body
weight and trunk length. These equations make it

easier for breeders to determine the expected size
of pelts in a given season before slaughter, and to
estimate their market value.
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Effect of feeding pellets to arctic foxes on their
performance and selected morphological-biochemical
blood indices

Vliv podévéni pelet poldrnim liskdm na jejich uZitkovost
a na vybrané morfologicko-biochemické ukazatele krve

M.O. Lorexk, A. GUGOLEK, A. HARTMAN

Department of Fur-bearing Animal Breeding, University of Warmia and Mazury in Olsztyn, Poland

ABSTRACT: The studies on the effect of dry pelleted feed on the performance of arctic foxes and some of their
morphological-biochemical blood indices were divided into two stages. In stage one 200 foxes aged 8 weeks were
allocated to two equal groups. The control group received traditional feed. The experimental factor was pelleted
feed given to the experimental group. This stage also included: the determination of the body weight of foxes at
the beginning and at the end of the studies, the evaluation of conformation and pelt quality, the determination of
morphological and biochemical blood indices. The indices of reproduction performance of the experimental animals
were determined in stage two. The research results show that feeding pellets to arctic foxes caused a decrease in
their final body weight and pelt length, but improved the iz vivo and post-slaughter parameters of fur quality. The
experimental factor affected neither the morphological-biochemical blood indices analyzed in the experiment, nor
the reproduction performance of foxes.

Keywords: arctic fox; pellets; feeding; growth; pelt; blood indices

ABSTRAKT: Sledovin({ vlivu suchého krmiva ve formé pelet na uZitkovost poldrnich lisek a vybrané morfologicko-
-biochemické ukazatele krve jsme rozdélili do dvou etap. V prvni etapé bylo 200 lisek ve véku osm tydni rozdéleno
do dvou stejnych skupin. Kontrolni skupina dostévala tradi¢ni krmivo. Pokusnym faktorem bylo krmivo ve formé
pelet poddvané pokusné skupiné. Tato etapa zahrnovala: stanoveni Zivé hmotnosti lidek na zad¢dtku a na konci sledo-
véni, hodnocenf exteriéru a kvality koZesiny, stanoveni morfologickych a biochemickych ukazateld keve. Ve druhé
etapé jsme hodnotili ukazatele reprodukce pokusnych zvitat. Vysledky naseho vyzkumu ukazuji, Ze podévéni pelet
polérnim liskim vedlo ke snifeni jejich kone&né %ivé hmotnosti a délky koZeliny, ale zlepsilo kvalitativni parametry
kozZeliny in vivo a po utraceni zvifat. Pokusny faktor neovlivnil morfologicko-biologické ukazatele krve analyzované
v tomto pokusu, ani reprodukéni schopnost lisek.

Kli¢ov4 slova: polérni liska; pelety; vyZiva; riist; koZeSina; ukazatele krve

Allain et 21.(1980), Leoschke (1981) and Stawort  (1985) and Taranov (1985). Wojcik ez al. (1987)
(1981) were among the first to present the results  investigated the effect of dry feed on the metabolic
of feeding dry complete diets to arctic foxes and blood profile in foxes. Laplante (1987) proved
minks. These studies were continued by Hillemann  that the cost of pellets was by 15-20% lower than
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that of traditional feed. Weiss (1987) reported
that feeding pellets to foxes and minks allows to
achieve shorter, but high-quality pelts. Rouvinen
et al. (1992) focused on various techniques of feed-
ing pellets, taking into consideration their waste.
Interesting results concerning feeding pellets to
minks and foxes were obtained by Mee (1994) and
Zou et al. (1997). Szymeczko et al. (1999) deter-
mined the hematological blood indices in arctic
foxes given dry feed. In the research conducted at
the University of Warmia and Mazury in Olsztyn,
Lorek ez al. (1999) and Gugotek ez 4l. (1997) in-
vestigated the effect of dry pelleted feed on the
performance, health state and nutrient digestibility

in arctic foxes. The present paper is a continuation
of these studies.

MATERIAL AND METHODS

The studies were divided into two stages. In stage
one 200 foxes aged 8 weeks were allocated to two
equal groups, 50 males and 50 females in each.
They were kept in pairs in conventional produc-
tion cages. Group I (control) received traditional
feed. Pelleted feed was produced according to the
procedure presented in Table 1. The physical pa-
rameters of pellets were: length 5-10 mm, diameter

Table 1. Composition and indices of nutritive value of rations

Group
I I
Specification growing period of hair coat  growing period  period of hair coat
period (July— development (Octo-  (July—Septem- development (Octo-
September) ber-November) ber) ber-November)
Kind of feed (%)
hard poultry offal 25 30 - -
cod offal 35 20 - -
herring offal 10 10 = =
meat and bone meal 5 - - -
extruded barley 25 20 20 20
steamed potatoes - 20 - -
meat meal - - 20 20
fish meal - - 10 10
blood meal - - 7 5
rape oil - - 8 5
soybean oil meal - - 15 15
extruded corn - - 20 25
Total 100 100 100 100
Dry matter 34 34 93 93
Digestible components (%)
protein 12.1 10.0 26.9 22.8
fat 4.2 3.9 10.6 8.9
carbohydrates 8.3 11.0 20.3 23.7
Metabolizable energy (M]/kg) 5.35 5.32 13.25 11.82
Protein —energy ratio (g/M]) 22 19 20 19
Energy (%)
protein 42 36 40 37
fat 31 29 33 29
carbohydrates 27 35 27 34
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4 mm. Group II (experimental) was fed from self-
pouring feeders. The research period was divided
into two parts: growth (June — September) and fur
development (October — November). Body weight
was determined at 8 and 26 weeks of age, exact to
0.1 kg. Fully developed furs were evaluated after
slaughter, according to the Standards of Arctic Fox
Conformation Evaluation, determining pelt length
and fur category, including the flesh side. Blood
(ca. 5 ml) for morphological and biochemical
examinations was collected from 10 males and 10
females selected at random in each of the groups,
at 8 and 22 weeks of age. The analyses included the
determination of: the red blood cell count (RBC),

Table 2. Performance indices of arctic foxes

the mean red blood cell volume (MCV), the mean
hemoglobin mass in a red blood cell (MCH), the
mean hemoglobin concentration in a red blood
cell (MCHC), the hematocrit value (HCT), the
level of hemoglobin (HBG), the white blood cell
count (WBC), the activity of alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST).
Laboratory analyses were made by commonly ap-
plied methods. In stage two the reproduction re-
sults of 10 males and 20 females selected at random
from each group were determined. The females
were mated three times. When the reproduction
period was over, the following data were collected:
for males — the number of mated females and

L Statistical Group
Specification
measures I II
n 100 100
age 8 weeks X 1.48 1.40
Body weight (kg) v 10.99 13.54
X 8.82* 8.35*
el v 8.71 9.38
n 100 100
Body length in age 26 weeks (cm) X 66.03* 65.29*
v 2.82 4.45
n 100 100
animal length x 5.87 5.75
v 6.90 10.26
X 2.96 2.92
el ygss 6.80 7.28
External conformation — 17
(points) fur purity " L% ’
v 28.30 24.66
: x 6.05* 6.72*
fie quality v 13.65 16.30
x 16.78 17.11
ol ¥ 9.52 8.14
n 70 70
size (cm) % 94.17** 92.62**
Pelt evaluation v 6.31 10.83
X x 1.71 1.49
AR 42.57 33.46

*P < 0.05, **P < 0.01
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the number of mating sessions; for females — the
number of females: mated and after kittening,
the number of kits: born and weaned. The results
were analyzed statistically using computer program
Statistica Software PL.

RESULTS AND DISCUSSION

Table 1 presents the composition and indices of
the nutritive value of diets. They were prepared ac-
cording to the requirements of growing foxes, tak-
ing into account the period of growth and winter
fur development. Component selection in tradi-
tional diets was typical of the domestic feed market.
Pellets were made using the components described
in other papers on feeding dry diets to carnivorous
fur-bearing animals (Stawor, 1981, 1991; Lorek et
al., 1999; Szymeczko et al., 1999). The nutrient
and metabolizable energy content of both kinds of
diet was differentiated, which resulted from their
different dry matter content. It follows that only
indices of their nutritive value could be compared.

These indices were similar and consistent with
the recommendations included in relevant norms
(Barabasz ez al., 1994). The initial body weight of
foxes from both groups was similar. The final body
weight (at the age of 26 weeks) shows that foxes
from the control group were on average by 47 g
heavier. These results confirm those obtained by au-
thors in previous investigations (Lorek ez 4., 1999).
According to Weiss (1988), lower body weight of
foxes given pellets is caused by disturbances in the
water balance or considerable feed losses. Leoschke
(1981) and Laplante (1987) obtained lower body
weight gains in experimental groups of minks fed
pellets. On the other hand, Allain ez 2/. (1980) and
Zou et al. (1997) noted higher gains and bigger pelt
sizes in animals fed dry diets. Foxes from the con-
trol group received higher scores for size and con-
formation, which was confirmed by trunk length
measurement — they were by 0.7 cm longer. The
feeding method had no effect on fur color and col-
our purity, as they are determined genetically. Fur
quality was better in group II — the difference was
statistically significant. The score for conformation

Table 3. Morphological indices and enzymatic activity of blood

. Statistical 8 weeks/group 22 weeks/group
Specification
measures I 1I I II
RBC (10'¥/1) n 20 20 20 20
x 6.28 6.38 8.09 8.57
v 7.03 2.99 9.16 8.52
MCV (fl) x 48.78 48.03 47.70 47.45
v 277 3.21 2.09 3.07
MCH (pg) x 17.20 17.51 17.36 17.29
v 4.12 4.35 2.38 4.38
MCHC (g/dl) x 35.28 36.49 36.40 36.43
v 3.10 2.13 1.83 2.02
HCT (1) x 0.31 0.31 0.40 0.40
v 7.92 4.25 13.07 5.75
HBG (g/dl) x 10.76 11.16 14.07 14.76
v 5.91 5.31 9.15 4.84
WBC (10%/1) x 17.85 14.05 19.16 19.99
v 26.54 20.95 22.70 29.57
AST (U/l) x 1.14 0.97 1.08 1.10
v 42.30 25.70 40.00 27.30
ALT (U/D) £ 11.97 12.14 6.13 5.33
x 27.41 32.40 23.72 31.22
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was also higher in this group. The pelts obtained
in the control group were by 1.5 cm longer, which
corresponded with higher body weights and better
conformation. It was found that pelleted feed had a
positive effect on fur quality, as the fur category in
the control group was 1.71, approaching category
I1, whereas in the experimental group it was 1.49,
close to category I (Table 2). Professional literature
on the topic provides information about better fur
quality in minks and foxes given pellets (Leoschke,
1981; Laplante, 1987; Weiss, 1988; Lorek et al.,
1999). Table 3 presents the blood morphological
indices of arctic foxes. The results show that there
were no statistically significant differences between
the groups, neither at the beginning (8 weeks of
age) nor at the end of the studies (22 weeks of age).
Only some erythrocyte parameters increased in the
peripheral blood of older foxes, which was con-
nected with erythropoiesis. No statistically signifi-
cant differences were observed in blood enzymatic
activity between the groups. Also Szymeczko et al.
(1998, 1999) reported no effect of dry feed on the
morphological and biochemical indices of peripher-

Table 4. Reproduction results of arctic foxes

al blood. Table 4 shows the reproduction indices of
foxes fed pellets during growth and development.
An analysis of the sexual activity of males indicates
no differences between the groups. Males from the
control group were on average mated with 2.61
females, whereas those from the experimental one
— with 2.74. The mean number of mating sessions
was 7.83 in group I and 8.23 — in group II. The
percentage of females: mated and after kittening,
is also typical (Brzozowski, 1993). No statistical
differences were found in the average number of
kits born in both groups — 6.70 in group II and
7.31 in group I. These values are similar to those
reported by other authors (Einarsson, 1986; Lohi,
1993; Brzozowski, 1993). There were no statistical
differences regarding the number of kits, either. The
average number of kits reared in the control group
was 4.89, and in the experimental one ~ 5.06.
Similar results were obtained by Lohi (1993) and
Wang and Sun (2000). The rearing ratio may be af-
fected by various non genetic factors, including the
feeding system. In the population examined, the
rearing ratio was 75% in the experimental group,

P Statistical Group
Specification
measures I II
Males n 10 10
number of mated females x 2.61 2.74
v 37.60 29.76
number of mating sessions x 7.83 8.23
v 41.34 54.98
Females n 20 20
mated % 100 100
n 18 17
% 90 85
after kittening n 16 17
% 80 85
n 117 114
number of born pups x 7.31 6.70
v 47.42 53.42
n 78 86
number of reared pups x 4.89 5.06
v 67.87 70.09
Rearing ratio % 67 75
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and 67% in the control one. In the studies con-
ducted by Wang and Sun (2000), this ratio varied
from 52% to 81%.

CONCLUSIONS

Feeding pellets to arctic foxes in the period of
growth and development caused a decrease in their
final body weight and pelt length, but improved
the in vivo and post-slaughter parameters of fur
quality.

The experimental factor did not affect the mor-
phological and biochemical blood indices analyzed
in the experiment.

Feeding pellets to arctic foxes during growth and
development had no negative effect on their repro-
duction performance.
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Content of metals in tissues of marketable common

carp and in bottom sediments of selected ponds
of South and West Bohemia

Obsah kovi v tkdnich kapra a v sedimentech dna rybniki
jiznich a zdpadnich Cech
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Republic

ABSTRACT: The goal of this work was to assess the status of selected ponds of South and West Bohemia, consider-
ing the content of metals in tissues of common carp and in bottom sediments. Ponds Regent, Tovary3, Dfemliny,
Horusicky and Bezdrev were checked in autumns 2000-2001. Seven specimens of marketable common carp were
sampled from every pond for analyses of muscle, liver, kidney and gonads. Content of Hg, As, Cd, Pb, Cr, Ni, Cu,
and Zn was checked in fish tissues and in bottom sediments. Contents of metals in tissues of marketable common
carp ranged below the hygienic limits valid for the respective metals in the Czech Republic. There was one exception,
a slightly increased content of nickel (above 0.5 mg/kg) in muscle of 2 common carp specimens. No significant
difference was found among the ponds in content of Cd, Pb, Cr, Ni and Cu in fish muscle. Significantly higher
(P <0.01) values of Hg and Zn were found in muscle of common carp from Tovary$ pond compared to values
found in other ponds. Significantly higher arsenic content (P < 0.01) was found in muscle of common carp from
Dtemliny and Bezdrev ponds, compared to those found in common carp from Regent pond. Significantly higher
(P < 0.01) Hg content was detected in muscle, of Cd and Zn in kidney, of Cu in liver compared to contents of these
metals in other tissues. Significantly higher content (P < 0.01) of copper and zinc was found in eggs compared to
testes. Content of metals in dry matter of bottom sediment from the ponds under study ranged within the interval
characteristic for relatively not loaded ponds under the conditions of Czech Republic. Increased content of Pb, Cu
and Zn was registered only in bottom sediment of Tovary$ pond. This paper contributes to the assessment of quality
of common carp as the main marketable fish in the Czech Republic. It contributes to the strategy of food safety.

Keywords: Gyprinus carpio L.; muscle; liver; kidney; gonads; hygienic limit; risk elements; AAS

ABSTRAKT: Cilem price bylo posoudit stav vybranjch rybnik jiznich a zdpadnich Cech z hlediska obsahu kovii
v tkdnich kaprii a v sedimentech dna. V podzimnim obdob{ roku 2000 aZ 2001 byly vyetfovdny rybniky Regent,
Tovary$, Dfemliny, Horusicky a Bezdrev. Z kadého rybnika bylo odebrédno sedm trinich kaprii, analyzoviny byly
vzorky svaloviny, jater, ledvin a gondd. V tkdnich ryb a v sedimentu dna byl sledovidn obsah Hg, As, Cd, Pb, Cr,

Supported by the Ministry of Education, Youth and Sports of the Czech Republic (Project MSM No. 122200003)
and Ministry of Agriculture of the Czech Republic (Department of Food Production).
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Ni, Cu a Zn. Obsah kovii ve svaloviné trinich kaprii se pohyboval pod hygienickymi limity platnymi v CR pro
jednotlivé kovy. Vyjimkou byl mirné zvy¥eny obsah niklu (nad 0,5 mg/kg) ve svaloviné dvou kaprii. Mezi jednot-
livymi rybniky nebyl signifikantn{ rozdil v obsahu Cd, Pb, Cr, Ni a Cu ve svaloviné kapri. Signifikantné vy
(P < 0,01) hodnoty Hg a Zn byly zjistény ve svaloviné kaprii z rybnfka Tovarys ve srovnéni s hodnotami z dalsich
sledovanych rybnikti. Ve svaloviné kaprii z rybnika Diemliny a Bezdrev byl zjistén signifikantné vy33i obsah arzenu
(P < 0,01) ve srovnini s hodnotami naméfenymi u kaprii z rybnika Regent. Signifikantné vy3ii (P < 0,01) obsah
Hg byl naméfen ve svaloving, Cd a Zn v ledvinich, Cu v jétrech ve srovnéni s obsahem téchto kovii v ostatnich
tkdnich. Signifikantné vy${ obsah (P < 0,01) mé&di a zinku byl zji$tén v jikrich ve srovndni s mli¢im. Obsah kovii
v susiné sedimentii dna sledovanych rybniki se pohyboval v rozmez{ hodnot charakreristickych pro pomérné neza-
tizené rybniky v podminkich CR. Pouze v sedimentu dna rybnika Tovary¥ byl zji$tén zvy¥eny obsah Pb, Cu a Zn.
PtedloZend préce je pHispévkem ke zhodnoceni kvality kaprii — hlavnich zéstupci trénich ryb na tizemi CR. Prispivi

k napliiovén{ strategie bezpeénosti potravin.

Kli¢ova slova: Cyprinus carpio L.; svalovina; jitra; ledviny; gonddy; hygienicky limit; rizikové faktory; AAS

Food hygiene currently becomes a priority within
the EU. It is evidenced by accepting a huge amount
of regulations focused on veterinary hygiene of
food, establishment of the European authority
for sanitary food safety (EFSA) and others. This
fact is either a reaction to the problems with food
hygiene in EU countries (listerioses, BSE, dioxine
intoxications, etc.), or getting to know the necessity
of solving the problems of food hygiene, mainly
at the level of their safety. The Czech Republic,
under the effect of getting closer to EU, develops
a great effort in following the current trend in the
development of food hygiene in EU countries. This
effort is focused on the field of strategy of food
safety (agreement of the government of the Czech
Republic No.1320/2001).

Large amounts of foreign substances enter the
environment due to anthropogenic activities. They
usually end in surface waters and in organisms liv-
ing in them. From the point of view of food safety,
this brings the necessity to pay an increased atten-
tion to marketable fish, either for local market, or
for export. With the common carp being the major
marketable fish in the Czech Republic in 87-90%
(Vicha, 1998; Vostradovsky, 2002), attention must
be focused to this species cultivated in ponds.

With regards to the metals, major attention has
been previously paid to mercury. Svobodovi ez 4l.
(1975) dealt with the problems of mercury content
in pond environmental components, checking the
total mercury content in muscle of common
and in bottom sediments of ponds filled from
Blanice river in the region of Vodiiany. Total mer-
cury content in tissues of common carp and in oth-
er components of pond biocoenoses in the region
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of Ttebon and Pardubice was stated by Svobodova
et al. (1982). Total mercury content in muscle of
marketable common carp from ponds at Pohofelice
(Masek et al., 1977), South Bohemia (Hruska,
1979), South Moravia (Svobodovéa and Boh4¢kovid,
1979) and North Moravia (Subrtové and Pavelka,
1988) was always found below 0.1 mg/kg muscle,
i.e. below the hygienic limit value.

Much less, attention was paid to other toxic met-
als as lead and cadmium, compared to mercury.
Svobodovi et al. (1985) determined in muscle of
common carp from Velkd Podvinice pond (close
to a road with dense traffic) lead values ranging
from BLD (below the limit of determination) to
0.17 mg/kg muscle, in that from Velky Ustavni
pond (far from dense traffic) values ranging in
0.036-0.10 mg/kg. These values were below the
hygienic limit for lead. Subrtovi and Pavelka
(1988) came to the same conclusion when they
analyzed 116 specimens of common carp from
North Moravian ponds and found values of lead
ranging in 0.02-0.33 mg/kg muscle. Drbal and
Bican (1981) stated for muscle of marketable
common carp from Vodnany, Tteboii and Klatovy
region mean value of lead content 0.28 mg/kg
dry matter. Masek ez /. (1977) found in muscle
of common carp from Pohofelice ponds mean
amount of cadmium 0.05 mg/kg muscle. In con-
trast, Subrtovd and Pavelka (1988) reported high
values of cadmium in muscle of common carp from
ponds in Ostrava, mean value was 0.213 mg/kg
fresh tissue.

The first large-scale monitoring of the content
of foreign substances, including metals, was per-
formed on pond common carp in 1991-1993.
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Attention was focused on marketable common
carp from 9 stabilization ponds and from 4 ponds
without any evident source of pollution. There
were mostly ponds in South and West Bohemia
(Svobodovi et al., 1999). A repeated examina-
tion of tissues of marketable common carp and
of bottom sediments from Dfemliny (Randédk ez
al., 2001a) and Buzicky ponds (Randék et 4/,
2001b) was performed in 1999. Examination in
1991-1993 and in 1999 showed that apart from
negligible exceptions, hygienic limits for content of
metals in muscle of marketable common carp were
not exceeded. The ponds under study were stated
to be relatively unloaded with mertals.

This paper deals with the results of checking the
content of metals in tissues of marketable common
carp and in bottom sediments of 5 ponds of South
and West Bohemia in 2000-2001. It is linked to
the previous monitoring and extended with the
determination of the content of arsenic. It is a con-
tribution to the assessment of fish as a safe food,
and thus to fulfilling the strategy of food safety.

MATERIAL AND METHODS

Monitoring the content of metals in tissues of
marketable common carp (Gyprinus carpio L.) and
in bottom sediments was performed in autumns
of 2000 and 2001 during harvests of the following
ponds (Figure 1).

Regent (52 ha) — owned by the Czech Fish
Culture, Ltd., Maridnské Ldzné. It is situated in
cadastre of Holubin village, filled from three in-
dependent inflows, last pond in a pond system.
A semiintensification pond managed in two-year
cycle. A tarmacadam plant is situated nearby the
pond. Although it is not in a direct contact with
the pond, it is in its gravity field. Common carp
is the main species produced (70 t of marketable
fish harvested), followed by tench, predatory and
herbivorous species.

Tovarys$ (16 ha) — owned by Land Fund, hired
by Kormordn plus Ltd. It is situated in cadastre of
Sepekov village. Filled from Milevsky and Farkav

brooks. A semiintensification pond managed in an-

JOMaridnské Lazné
1

3
Vodnany @x ngbokt

, PRAHA

®ilevsko

Figure 1. Map of ponds under study in the region of South and West Bohemia (1 — Regent, 2 — Tovarys, 3 -

Dtemliny, 4 — Horusicky, 5 ~ Bezdrev)
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nual cycle. Potential sources of industrial pollution
in the neighborhood (air-conditioning works at
Milevsko and a tarmacadam plant) are not in a di-
rect contact with the pond but in its drainage area.
Common carp is the main species produced (10 ¢
of marketable fish harvested), followed by tench,
pike and grass carp.

Dfemliny (57 ha) — owned by the town Vodiiany.
It is situated in cadastres of Vodiiany town and
Cicenice village. Filled from ammelioration system
and from overflows of Strpsky and Ca¥drka ponds.
Until 1997, it has been used for accumulation of
communal and food processing plant waste waters,
partly flowing through Ca%érka stabilization pond.
Later on, waste waters were purified at a purifica-
tion unit and purification was finished in Ca¥érka
pond. The pond is managed in annual cycle with
the majority of common carp stock (over 90%).
Ninety tons of common carp are harvested every
autumn, while ten tons are harvested during sum-
mer catches. Further species produced here involve
tench, herbivorous and predatory species.

Horusicky (438 ha) — owned by the Fish Culture
Ttebon, Ltd. It is situated in cadastre of Horusice
village. Filled from three independent inflows, Zlatd
stoka, Bukovsky brook and Bodilecky pond. It is a
semiintensification pond managed in two-year cy-
cle, stocked with ca. 330 thousand of common carp
stockfish. Harvest of marketable common carp is
about 500 t, supplemental species produced involve
tench, predatory and herbivorous species. There is
no evidence of any source of pollution.

Bezdrev (434 ha) — owned by the Pond construc-
tion Hlubok4 Ltd. It is in cadastre of Zliv village.
Filled from Bezdrevsky brook. It is a semiintensifi-
cation pond managed in two-year cycle. Common
carp is the main species produced (harvest of 450 t
of marketable carp), further species produced in-
volve predator and herbivorous fish. The pond ac-
cumulates purified waste waters from purification
units at Zliv, Ce$fiovice and Pidtin.

Seven specimens of three- to four-year-old
common carp were sampled from every pond.
Immediately after catching, fish were weighed
and tissues (muscle, liver, kidney, gonads) were
sampled. Muscle samples of common carp from
all ponds under study were sampled and analyzed
individually. The same protocol was used for sam-
ples of liver, kidney and gonads from Regent pond.
For common carp from the other ponds studied,
2 pooled samples of liver, kidney and gonads were
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taken and analyzed (1 pooled sample of males and
1 pooled sample of females). Samples were placed
in microtene bags, labeled and put into a freezing
box at —~18°C. Bottom sediments were sampled by
means of benthos sampler from various part of the
pond. A pooled sample was made and purt in a
freezing box at —~18°C as well.

Tissue samples of marketable common carp and
samples of bottom sediments were analyzed for
the content of mercury, arsenic, lead, cadmium,
chrome, nickel, copper and zinc. Determination
of the total mercury content in fish tissues and in
bottom sediments was performed by means of AAS
method using a single-purpose mercury analyzer
AMA-254 (ALTEC Ltd.). Determination of Pb,
Cd, Cr, Cu and Ni in fish tissues was performed
by means of AAS electrothermic technique, Zn
was determined by means of AAS flame technique
(all on Z-5000 apparatus from Perkin Elmer) after
mineralization. Mineralization of fish tissues for de-
termination of metals was carried out in laboratory
autoclaves with microwave heating, using nitric acid
and hydrogen peroxide (Uniclever apparatus from
Plasmatronica). Samples for the determination of
arsenic were processed as above and burnt in muffle
oven (450°C) with addition of magnesium nitrate.
The ash was dissolved in hydrochloric acid, As" was
reduced to As'™. Arsenic was determined by means of
hydride technique on MHS-20 apparatus attached
to atomic absorption spectrometer. Accuracy of the
results was validated using the following standard
reference materials: CRM No 278 (mussel tissue of
Mytilus edulis — BCR); MA-B-3/TM (fish homoge-
nate — JAEA); TORT-2 (lobster hepatopancreas
— NRC-CNRCQ).

Preparation of bottom sediment samples for the
determination of Pb, Cd, Cr, Ni, Cu, Zn and As
followed ISO 114 66 standard using aqua regia.
Determination was performed by AAS flame
technique except for As, which was determined by
means of AAS hydride technique.

Statistical comparison was made for values of
content of the respective metals in muscle of fish
from the ponds under study and for values of
content of the respective metals in analyzed tis-
sues of fish from the Regent pond. Results were
tested using ANOVA in Statgraphics software,
and MS-EXCEL 7.0. In order to interpret the
results, hygienic limits concerning fish quoted
in the Decree of the Ministry of Health of the
Czech Republic No. 298/1997 Sb. were used, as
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well as reference values of metal content in bottom
sediments gained from ponds relatively not-loaded
with foreign substances (Svobodova ez /., 1996).

RESULTS

Values of metal contents in tissues of marketable
common carp from ponds under study are given

in Tables 1 (Regent pond), 2 (Tovary$ pond), 3

(Dfemliny pond), 4 (Horusicky pond) and 5
(Bezdrev pond). Comparison of metal contents
in tissues of marketable common carp from ponds
under study is shown on Figure 2. Table 6 reports
metal contents in dry matter of bottom sediments
from ponds under study.

Mercury

Tablel. Content of metals in tissues of marketable common carp from Regent pond (sampled on 12. 10. 2000)

_ Fish weight Hg As Cd Pb Cr Ni Cu Zn
Tissue n ® p
mglkg ww
Muscle 7 mean  3235.7 0.031 0.073 0.0014 <0.05 0.069 0.059 0.26 3.2
SD 427.7 0.013 0.019 0.0011 - 0.049 0.058 0.06 0.5
Liver 7 mean 32357 0.007 0.042 0.019 <0.05 0.071 0.092 5.06 64.4
SD 427.7 0.001 0.009 0.006 - 0.025 0.068 1.15 32.7
Kidney 7 mean 32357 0.010 0.062 0.062 <0.05 0.090 0.177 1.24 159.2
SD 427.7 0.003 0.015 0.023 - 0.049 0.106 0.11 40.4
Eggs 4 mean 32388 0.002 0.060 0.001 <0.05 0.094 0.114 1.05 55.1
SD 587.5 0.001 0.025 0.001 - 0.024 0.021 0.18 12.5
Testes 3 mean 32317 0.003 0.030 <0.001 <0.05 0.172 0.136 0.17 71
SD 176.2 0.001 0.009 - - 0.082 0.061 0.04 1.0

ww = wet weight

Table 2. Content of metals in tissues of marketable common carp from Tovarys pond (sampled on 8. 10. 2001)

Fish ~ Hg  As Cd Pb CG N Cu Zn
Tissue n weight
@® mg/kg ww
Muscle 7 mean 1688.6 0.048 0.116 <0.001 <0.05 0.058 0.180 0.12 6.5
SD 181.1 0.006 0.018 - - 0.024 0.084 0.02 1.3
Liver (sample 1) female 1672.5 0.009 0.065 0.003 <0.050 0.113 0.142 1.381 78.2
(sample 2) male 1710.0 0.010 0.084 0.003 <0.050 0.109 0.456 3.595 82.7
Kidney (sample 1) female 1672.5 0.011 0.120 0.032 <0.050 0.076 0.227 0.819 247.0
(sample 2) male 1710.0 0.011 0.091 0.026 <0.050 0.062 0.234 0.935 214.1
Eggs (sample 1) female 1672.5 0.005 0.033 <0.001 <0.05 0.050 0.125 0.96 82.9
Testes (sample 2) male 1710.0 0.003 0.037 <0.001 <0.05 0.052 0.112 0.26 124

Pooled sample 1 = fish No. 2, 5, 7
Pooled sample 2 = fish No. 1, 3, 4, 6

ww = wet weight
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Figure 2. Comparison of the contents of metals in muscle of marketable common carp from the ponds under study
(1 = Regent, 2 — Tovary$, 3 — Diemliny, 4 — Horusicky, 5 — Bezdrev)

Total mercury content in muscle of market-
able common carp in all ponds under study was
below 0.1 mg/kg (valid hygienic limit). The high-
est values of total mercury content were found in
muscle of common carp from Tovary$ pond, the
lowest ones in muscle of marketable common carp
from Horusicky and Bezdrev ponds. Highly sig-
nificant differences (P < 0.01) in mercury content
in muscle were found among common carp from
ponds Horusicky — Tovarys, Bezdrev — Tovary$ and
Horusicky — Diemliny. Significantly higher value
(P < 0.05) in total mercury content was found in
common carp from Tovary$ pond compared to
that in Dfemliny pond. Considering the distribu-
tion of mercury in individual tissues, the highest
values were detected in muscle, followed by kidney
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and liver while the lowest values were in gonads.
Difference in mercury content in muscle compared
to other tissues of fish from the Regent pond was
significant (P < 0.01). Mercury content in eggs and
in testes was nearly identical.

The sequence of ponds according to total mercury
content in dry matter of bottom sediments is simi-
lar to that according to mercury content in muscle.
It means the highest values in Tovary$ pond and the
lowest ones in Horusicky and Bezdrev ponds.

Arsenic

The content of arsenic in muscle of marketable
common carp from all ponds under study was
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Table 3. Content of metals in tissues of marketable common carp from Dfemliny pond (sampled on 12. 10.

2001)
Fish Hg Cd Pb Ct Ni Cu Zn
Tissue n weight
® mg/kg ww
Muscle 7  mean 1980 0.034 0.141 <0.001 <0.05 0.056 0.323 0.14 3.5
SD 276.5 0.006 0.049 - - 0.037 0.139 0.03 0.2
Liver (sample 1) female 1775.0 0.007 0.043 0.014 <0.050 0.070 0.265 4.424 43.0
(sample 2) male 2133.8 0.006 0.052 0.009 <0.050 0.054 0.320 2.508 59.3
Kidney (sample 1)  female 1775.0 0.009 0.068 0.058 <0.050 0.070 0.389 1.139 203.3
(sample 2) male 2133.8 0.012 0.117 0.044 <0.050 0.038 0.358 1.100 194.6
Eggs  (sample 1) female 1775.0 0.003 0.031 <0.001 <0.05 0.057 0.111 1.16 712
Testes (sample 2) male 2133.8 0.003 0.034 <0.001 <0.05 0.059 0.092 0.30 7.5

Pooled sample 1 = fish No. 2, 5, 7
Pooled sample 2 = fish No. 1, 3, 4, 6
ww = wet weight

Table 4. Content of metals in tissues of marketable common carp from Horusicky pond (sampled on 17. 10.

2001)
Fish Hg As cd Pb Cr Ni Cu Zn
Tissue n weight
® mg/kg ww
Muscle 7 mean 2190.0 0.014 0.126 <0.001 <0.05 0.069 0.196 0.14 4.0
SD  166.8 0.001 0.042 - - 0.016 0.135 0.05 0.7
Liver (sample 1) female 2355.0 0.005 0.072 0.023 <0.050 0.039 0.095 4.913 106.3
(sample 2) male 2124.0 0.005 0.064 0.006 <0.050 0.071 0.121 2.321 97.5
Kidney (sample 1) female 2355.0 0.008 0.086 0.085 <0.050 0.042 0451 1.112 310.7
(sample 2) male 2124.0 0.009 0.067 0.053 <0.050 0.025 0.210 0.950 303.3
Eggs (sample 1) female 2355.0 0.002 0.029 <0.001 <0.05 0.088 0.190 0.69 102.6
Testes (sample 2) male 21240 0.002 0.044 <0.001 <0.05 0.045 0.148 0.25 12.0
Pooled sample 1 = fish No. 2, 5, 7
Pooled sample 2 = fish No. 1, 3, 4, 6

ww = wet weight

below 1 mg/kg (valid hygienic limit). The highest
values of arsenic content were registered in mus-
cle of common carp from Bezdrev and Dfemliny
ponds, the lowest ones in muscle of common carp
from the Regent pond. Difference between values
of arsenic in muscle of common carp from Regent
and Bezdrev ponds was significant (P < 0.01), as
well as between Regent and Diemliny ponds. The
sequence of tissues of marketable common carp ac-

cording to the arsenic content is as follows: muscle
> kidney > liver > gonads. The arsenic content in
muscle of fish from the Regent pond was signifi-
cantly higher (P < 0.05) compared to that in their
liver. Insignificant difference was found between
arsenic content in eggs and in testes.

Content of arsenic in bottom sediments of
ponds under study was relatively equalized and
ranged in 6.6-19.2 mg/kg dry matter. The lowest
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Table 5. Content of metals in tissues of marketable common carp from Bezdrev pond (sampled on 23. 10. 2001)

Fish Hg cd Pb C N Cu Zn
Tissue n weight
® mg/kg ww
Muscle 7 mean 24693 0.024 0.154 <0.001 <0.050 0.059 0.267 0.16 4.3
SD 2046 0.006 0.023 - - 0.015 0.186 0.12 1.0
Liver (sample 1) female 23375 0.006 0.094 0.021 <0.050 0.037 0.181 7.773 96.2
(sample 2) male 2522.0 0.010 0.123 0.015 - 0.054 0.154 4.953 116.1
Kidney (sample 1) female 23375 0.008 0.108 0.102 <0.050 0.163 0.412 1.313 294.8
(sample 2) male 2522.0 0.012 0.131 0.064 <0.050 0.037 0.254 1.156 328.7
Eggs (sample 1) female 2337.5 0.002 0.077 <0.001 <0.05 0.098 0.268 0.98 91.7
Testes (sample 2) male 25220 0.004 0.060 <0.001 <0.05 0.056 0.120 0.33  24.0
Pooled sample 1 = fish No. 2, 5, 7
Pooled sample 2 = fish No. 1, 3, 4, 6
ww = wet weight
Table 6. Content of metals in dry matter of bottom sediments from the ponds under study
Lo Date ?f Hg As Cd Pb Cr Ni Cu Zn
sampling mglkg
Regent 12.10.2000 ° 0.131 14.8 0.78 21.3 22.2 32.1 32.8 153.2
Tovary3 08. 10. 2001 0.358 19.2 1.24 51.2 149.5 63.1 49.9 440.9
Dtemliny 06. 11. 2001 0.063 120 <03 29.6 29.4 13.1 13.1 50.6
Horusicky 17.10. 2001 0.047 10.3 0.78 26.0 36.4 19.0 21.2 84.0
Bezdrev  23. 10. 2001 0.033 66 <03 6.5 10.3 Pl 4.2 20.7

value was detected in bottom sediment of Bezdrev
pond while the highest one in bottom sediment of
Tovarys pond.

Cadmium

The content of cadmium in muscle of market-
able common carp from all ponds under study was
markedly below 0.1 mg/kg (valid hygienic limit).
Moreover, this content was even below the limit of
determination (0.001 mg/kg) in muscle of all fish
from Tovary$, Dfemliny, Horusicky and Bezdrev
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ponds. Low determinable values were found in
muscle of common carp from Regent pond. The
sequence of tissues of marketable common carp
from Regent pond is, according to cadmium con-
tent, as follows: kidney > liver > muscle > gonads.
Cadmium content in kidney of common carp
from Regent pond was significantly higher (P <
0.01) compared to that in muscle, liver and in
gonads, cadmium content in liver was significantly
higher (P < 0,01) than that in muscle and gonads.
Cadmium content in eggs and in testes was nearly
identical and below the limit of determination
(0.001 mg/kg) practically in all cases.
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Values of cadmium content in bottom sediments
of Diemliny and Bezdrev ponds were below the limit
of determination (0.03 mg/kg dry matter), sediments

of other ponds did not exceed 1.24 mg/kg dry mat-
ter, which was registered in Tovary$ pond.

Lead

The content of lead in muscle of marketable com-
mon carp from all ponds under study was markedly
below 0.5 mg/kg (valid hygienic limit). All meas-
ured values of lead content in muscle and in other
tissues of marketable common carp from the ponds
under study were below the limit of determination
(0.05 mg/kg).

The sequence of ponds monitored according
to the content of lead in dry matter of bottom
sediments was as followed: Tovary$ > Dfemliny >
Horusicky > Regent > Bezdrev. The highest regis-
tered value was 51.2 mg/kg dry matter (Tovarys
pond), the lowest one was 6.5 mg/kg dry matter
(Bezdrev pond).

Chrome

The content of chrome in muscle of marketable
common carp from all ponds under study was be-
low 0.3 mg/kg (earlier valid hygienic limit). Values
of chrome content in muscle of common carp from
individual ponds were nearly at the same level,
without any significant differences. Similarly, no
significant differences were found for the values of
chrome content in individual tissues (muscle, liver,
kidney, eggs and testes) of common carp from the
Regent pond.

The highest content of chrome was found in
bottom sediment of Tovary$ pond (149.5 mg/kg
dry matter), the lowest one in bottom sediment of
Bezdrev pond (10.3 mg/kg dry matter). Sequence
of the ponds studied according to the content of
chrome in dry matter of pond bottom sediments
was as followed: Tovary$ > Horusicky > Diemliny
> Regent > Bezdrev.

Nickel

The content of nickel in muscle of marketable
common carp from all ponds under study did not
exceed the value of 0.5 mg/kg (valid hygienic limit).
Slightly higher values were detected for 1 specimen

of common carp from Dfemliny pond and for an-
other 1 specimen of common carp from Bezdrev
pond only. The sequence of ponds studied accord-
ing to the content of nickel in muscle of marketable
common carp was as followed: Dfemliny > Bezdrev
> Horusicky > Tovary$ > Regent. No significant
difference was found in values of nickel content
in muscle of marketable common carp from the
individual ponds studied. Similarly, no significant
difference was found for content of nickel in vari-
ous tissues of common carp from Regent pond.

The highest content of nickel was found in bot-
tom sediment of Tovary$ pond (63.1 mg/kg dry
matter), the lowest one in bottom sediment of
Bezdrev pond (7.7 mglkg dry matter). Sequence
of the ponds studied according to the content of
nickel in dry matter of pond bottom sediments
was as followed: Tovary$ > Regent > Horusicky >
Dfemliny > Bezdrev.

Copper

The content of copper in muscle of marketable
common catp from all ponds under study was
markedly below 10 mg/kg (valid hygienic limir).
The highest value was detected for muscle of com-
mon carp from Regent pond, values found in mus-
cle of fish from other ponds were equal. Values of
copper content in muscle of marketable fish from
all ponds studied were not significantly different.
Considering the values of copper content in various
tissues of fish, they were in the following sequence:
liver > kidney > eggs > testes > muscle. Values of
copper content in liver were significantly higher
(P < 0.01) compared to those found in muscle, kid-
ney and gonads. Values of copper content in kidney
were significantly higher (P < 0.05) than those found
in muscle. Significantly higher (? < 0.01) copper
content was found in eggs compared to testes.

Sequence of ponds according to copper content
in dry matter of their bottom sediments were as fol-
lowed: Tovarys > Regent > Horusicky > Dfemliny >
Bezdrev. The highest value was detected in bottom
sediment of Tovary$ pond (49.9 mg/kg dry mat-
ter), the lowest one in Bezdrev pond (4.2 mg/kg
dry matter).

Zinc

The content of zinc in muscle of marketable com-
mon carp from all ponds under study was markedly
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below 50 mg/kg (valid hygienic limit). The highest
value of zinc content was found in muscle of fish
from Tovary$ pond. Values of zinc content found
in muscle of fish from the other ponds (Regent,
Dtemliny, Horusicky, Bezdrev) were practically the
same and significantly lower (P < 0.01) compared
to that found for muscle of fish in Tovary$ pond.
Sequence of tissues of marketable common carp
according to zinc content was as followed: kidney
> liver > eggs > testes > muscle. Significant differ-
ence (P < 0.01) was found in zinc content of the
following tissues: kidney — muscle, kidney — liver,
kidney — gonads and liver — muscle. Significantly
higher (P < 0.01) content of zinc was found in eggs
compared to testes.

The highest value of zinc content was found in
bottom sediment of Tovary$ pond (440.9 mg/kg
dry matter), the lowest one from Bezdrev pond
(20.7 mg/kg dry matter). Sequence of ponds ac-
cording to content of zinc in dry matter of their
bottom sediments was as followed: Tovary$ >
Regent > Horusicky > Dfemliny > Bezdrev.

DISCUSSION

Bottom sediments and tissues of fish are the main
indicators of loading the pond environment with
metals (Svobodovi et 4l., 1996). These two compo-
nents of aquatic ecosystem were used for assessment
of 5 selected ponds in South and West Bohemia.
Common carp was used as indicator fish, as it has
been cultivated in all studied ponds either in 1-
year-cycle(Tovary$ and Dfemliny ponds), or in 2-
year-cycle (Regent, Horusicky and Bezdrev ponds).
Common carp utilized natural feed in these ponds
and they were supplemented with cereals.

The detected content of metals in muscle of mar-
ketable common carp from the ponds under study
was below the hygienic limits valid for the particu-
lar metals, except for a slightly increased content
of nickel (above 0.5 mg/kg) in muscle of two com-
mon carp specimens. No significant difference was
found in content of Cd, Pb, Cr, Ni and/or Cu in
muscle of common carp among the ponds studied.
Significantly higher values (P < 0.01) of Hg and
Zn were found in muscle of common carp from
Tovarys pond compared to values from other ponds
under study. Significantly higher content of arsenic
(P < 0.01) was found in muscle of common carp
from Dfemliny and Bezdrev ponds, compared to
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values found in common carp from Regent pond.
Comparing these results of metal content in muscle
of marketable fish to those of the wide-scale moni-
toring of 13 ponds of South and West Bohemia in
1991-1993 (Svobodovi et al., 1999), we find them
nearly the same. Based on results of the monitor-
ing in 1991-1993, it was proposed to use so-called
“reference intervals” of values of metal content in
muscle of common carp from pond environment
relatively not loaded with these elements: Hg
— 0.020 to 0.060 mg/kg, Cd — 0.0025 to 0.0150
mg/kg, Pb — 0.010 to 0.030 mg/kg, Cr — 0.03 to
0.07 mg/kg, Ni— 0.1 to 0.2 mg/kg, Cu—0.2 t0 0.5
mg/kg, Zn — 4 to 8 mg/kg. Values found in 2000
and 2001 in 5 selected ponds ranged within the
stated intervals, except for slightly increased values
of chrome content (Regent pond) and nickel con-
tent (Dfemliny and Bezdrev ponds).

Further interpretation of the results gained is
limited due to the lack of literature data. It is not
possible to make a comparison of content of met-
als in muscle of common carp kept in ponds with
those from open waters. Open waters are stocked
with common carp reared in ponds until the age of
24 years and for this reason, common carp is not
included among indicator species in open waters.
Data from abroad on metal content in tissues of
common carp are also minimal. Marketable com-
mon carp is mostly produced in ponds in Central
and Eastern Europe (Vicha, 1998).

Distribution of the content of metals in the stud-
ied tissues of marketable common carp is not even.
Significantly higher (P < 0.01) content of Hg was
found in muscle, of Cd and Zn in kidney, of Cu in
liver, compared to their contents in other tissues.
The sequence of tissues according to the content
of individual metals refers to that reported for
common carp (Rehwoldt ez 4l., 1976; Svobodovi
et al., 1982, 1999; Shine et al., 1998; Goldstein
and DeWeese, 1999; Jeng et al., 1999; De Smet
et al., 2001), for other cyprinids (Seymore et al.,
1996; Vigh et al., 1996), as well as for other fish
species (Sastry and Shukla, 1993; Deb and Santra,
1997; Pip and Stepaniuk, 1997; Shine ez /., 1998;
Szarek-Gwiazda, 1999).

Except for Cu and Zn, no significant difference
was found in metal content in eggs and testes.
Significantly higher content (P < 0.01) of copper
and zinc was found in eggs compared to testes.
Marquez ez al. (1998) stated, in accordance with
our results, higher content of copper and zinc in
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tissues of female gonads of Notothenia coriiceps
compared to testes. Seymore ez al. (1996) also
stated higher content of zinc in ovaries than in
testes of Barbus marequensis.

Large monitoring of metal content in dry mat-
ter of pond bottom sediments was performed in
the Czech Republic in 1991-1993 (Svobodovi et
al., 1996). Values found can be considered char-
acteristic for ponds relatively not loaded, under
conditions of the Czech Republic: Hg — 0.05 to
0.5 mg/kg, Cd — 0.01 to 0.3 mg/kg, Pb — 5-30
mg/kg, Cr — 40 to 150 mg/kg, Ni - 15 to 70 mg/
kg, Cu — 5 to 40 mg/kg, Zn — 25 o 150 mg/kg,
dry matter of sediment. Content of metals in dry
matter of bottom sediment from the five ponds
of South and West Bohemia under study ranged
within the interval characteristic for relatively not
loaded ponds. Increased content of Pb, Cu and Zn
was registered only in bottom sediment of Tovary$
pond. Comparing the content of metals in dry
matter of bottom sediments of ponds under study,
it was evident, that the highest contents of all met-
als were found in Tovary$ pond (with sources of
industrial pollution). However, contents of metals
in muscle of marketable common carp from this
pond were not higher than those from other ponds,
except for Hg and Zn. It might be due also to the
fact that the Tovarys pond is managed in an annual
cycle. This means that fish are kept here for about 7
months as a maximum, contrary to ponds managed
in two-year-cycle (Regent, Horusicky and Bezdrev)
where the fish are kept for about 19 months.
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Simultaneous analysis of sex determination
and K-casein genotypes from bovine
preimplantation embryos

Simultdnna analyza pohlavia a genotypov k-kazeinu
z preimplantaéného embrya hovidzieho dobytka

P. CHRENEK, J. BuLLA

Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: Sex determination and K-casein genotypes of preimplantation bovine embryo were simultaneously
analyzed from one blastomere removed from the 8-16 cell stage embryo. Microaspirated blastomere was lysed and
subsequently was subjected to the multiplex PCR. The efficiency of sexing and k-casein genotyping in the multi-
plex PCR was 82%, based on the amplification of Y-specific locus using Kk-casein internal standard. Digestion of
the PCR product with Hind III allowed the differentiation of «-casein 4 and B alleles and did not digest the sex
related fragment. Both Y-specific and k-casein genotypes were detected by electrophoretic separation on the same
agarose gel. This study shows that bovine preimplantation embryos can be successfully tested for sex and K-casein
genotypes simultaneously. This method can decrease the cost of the sample analysis and speed up the determina-
tion of economically interesting genetic markers.

Keywords: bovine; embryo; sex determination; k-casein

ABSTRAKT: Determindcia pohlavia a genotypov x-kazeinového génu boli simultdnne analyzované z jednej blas-
toméry ziskanej z 8- a% 16-bunkového vyvojového Stddia embrya hovidzieho dobytka. Mikroaspirovan blastoméra
bola lyzovans a nésledne bola uskutoénend multiplex PCR. Uspesnost uréenia pohlavia a genotypov k-kazeino-
vého génu metédou multiplex PCR, na zéklade amplifikécie Y-$pecifického lokusu a k-kazeinu ako kontroly PCR
(“internal standard”) bola 82 %. Stiepenie PCR produktu pomocou Hind III umo¥iiuje rozlidenie alely 4 a B
K-kazeinového génu, pri¢om sa nestiepi fragment determinujici pohlavie. Vetky kombindcie zistenych genotypov
boli detegované elektroforetickou separiciou na agarézovom géli. Tito prica ukdzala, Ze preimplantacné hovidzie
embryo méZe byt ispeine pouZité na simultdnnu analyzu pohlavia a genotypov k-kazeinu. Této metéda mée zniZit
cenu analyzovanej vzorky a zvysit rychlost determinicie ekonomicky vyznamnych genetickych markerov.

KTiéové slova: hovidzi dobytok; embryo; stanovenie pohlavie; K-kazein

Predetermined sex of bovine embryos in combi-
nation with genetic polymorphism of marker gene
would be of economical importance in modern
cattle breeding. Characteristic of embryos, based
on genotyping of a few blastomeres is a faster way
to obtain the offspring with desired genotype, to

short the generation interval and to decrease cost
of the breeding program.

In several studies on sex determination and MAS
genotyping, a few cells from bisection on a bovine
embryo were used. After transfer to recipients, bi-
sected blastocysts were capable of normal develop-
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ment (Bredbacka ez /., 1994; Carbonneau ez 4l.,
1997). It was also shown that removing only one
cell from the 16 to 32 cell stage bovine embryo did
not alter subsequent development of the embryo
in vitro and the material obtained was sufficient for
successful sex determination by the PCR method
(Machaty et al., 1993).

Using a single cattle cell for genotyping might
be less invasive to the embryo than a large biopsy.
However, the low amount of the DNA available for
subsequent characterization by PCR amplification
permits the determination of only a limited number
of loci. We aimed at examining how this method
works in the case of multiple genotype analysis (sex
and K-casein loci) using DNA isolated from one
microaspirated bovine blastomere.

In the present study, we applied multiplex PCR
to bovine blastomeres and demonstrated that mul-
tiple analyses can be performed accurately. This
method can decrease the cost of the sample analysis
and increase the speed of determination of sex and
K-casein gene.

MATERIAL AND METHODS

Embryo production

These embryos were produced in vitro using IVM
and IVF procedures of oocytes of Holstein breed as
described previously (Menck et al., 1997). All the
embryos were provided from INRA (BDB, Jouy en
Josas, France).

Biopsy procedure

Four days after in vitro fertilization, a random se-
lected 61 embryos at the 8-16 cell stage were main-
tained in B2 medium supplemented with 10% FCS
at 39°C under 5% CO, in air. Before biopsy, the
embryos were washed 3 times in M199-Hepes me-
dium (Life Technologies, Paisly, United Kingdom)
supplemented with 0.3% ovine serum albumin.
Biopsies were performed in medium M199-Hepes
containing 7 pg/ml of cytochalasin B (Sigma, St.
Louis, USA). Microaspiration of one blastomere
was made with a micropipette (the diameter of tip
approximately 35 pm) by gentle suction under an
Olympus microscope using two micromanipula-
tors (Alcatel, Annency, France). Biopsed embryos
were transferred individually in B2 medium (10%
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FCS, 5% CO,, 39°C) and cultured to the hatched
blastocyst stage.

Cell lysis

Isolated single blastomeres were washed individu-
ally in PBS and then lysed at 56°C for 1 h in 20 pl
of 1x PCR buffer containing 0.20 pg/pl proteinase
K (Sigma, Norwalk, USA) overlaid with 15 pl of
mineral oil. Proteinase K was then deactivated at
96°C for 10 minutes.

Multiplex polymerase chain reaction

The sex of bovine embryos was determined
by multiplex PCR using simultaneous analyses
of the Y-specific and the K-casein loci as an
internal amplification control of DNA quality. A
final volume of the reaction mixture was 30 pl.
Briefly, 20 pl of the lysed product was used as a
template. PCR mixture further contained 1x PCR
buffer, 1.5 mM MgCl,, 200 pM dNTPs, 200 pM
primers specific for k-casein (5-GCT GAG CAG
GTA TCC TAG TTA T-3’ and 5-CTT CTT
TGA TGT CTC CTT AGA G-3’; Vasitek et al.,
1995) and Y-specific locus (5’-CCT CAG CTG
CTT GAA AGT TC-3’ and 5-GAT CTG TAA
CTG CAA ACC TGG-3’; Chrenek et al., 2001)
and 1 U of Taq DNA polymerase. After the first
denaturation step at 95°C for 4 min, samples were
subjected to 35 cycles of denaturation at 94°C for
40 s, annealing at 53°C for 40 s and extension at
72°C for 40 s, followed by a 5 min extension in the
last cycle. In case of negative control reactions, no
DNA template was used. In case of positive control,
DNA isolated from spermatozoa (Chrenek, 1997)
of bull used for in vitro fertilization was used.

PCR products of the k-casein gene (15 pl) were
digested by 5 U of restriction enzyme Hind II]
for at least 3 h at 37°C. The fragments were sepa-
rated using 2.5% agarose gels containing 0.5 pg/ml
ethidium bromide and visualized by UV transillu-
minator (256 nm).

RESULTS AND DISCUSSION

The sex determination of bovine embryo from
microaspirated one blastomere (Figure 1) amplifi-
cation of the K-casein gene was used as an internal
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Figure 1. Microaspiration of a single blastomere from
bovine preimplantation embryos at 8-16 cell stage

control. A 308 bp long PCR product specific for  (Figure 2). Embryo samples without the male-spe-
the amplified region of Y-chromosome was expect-  cific band should indicate female sex. The Y-chro-
ed to be found only in the case of male genotypes mosome specific fragment was amplified in 23 of

443bp
348bp
308bp

95bp

Figure 2. Agarose gel electrophoresis of multiplex PCR. Y and k-casein fragments were amplified from multiplex-
PCR samples of bovine microaspirated embryo. Lane 1 — DNA molecular weight marker (pUC/Sau 3AI); lane 2
— negative control; lanes 3, 4 — embryos with fragment pattern (308 bp) indicating male-sex and k-casein AB
genotype (443, 348 and 95bp); lanes 5 — embryos without the male-specific band indicating female sex, the A4
genotype (443bp) of k-casein is also presents; lane 6 — embryos with male sex genotype and A4 genotype of k-casein
gene; lane 7 — embryos with female sex genotype and AB genotype of k-casein gene

Table 1. The frequency of analyzed loci from bovine microaspirated embryos

Locus No. analyzed embryos Genetic variant Frequency of genetic variants (%)
Sex 50/61 (82%) male 23/50 (46%)
female 27150 (54%)
K-casein 50/61 (82%) AA 30/50 (60%)
AB 20/50 (40%)
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50 embryos tested (Table 1). In all of these samples,
the analysis was validated by the amplification of
the internal control. In the remaining 27 embryos,
the Y-chromosome band was absent. The k-casein
specific fragment was visible in 27 of these samples.
Hence, these 27 embryos were designated to carry
the female genotype. To confirm that the absence
of sex related fragment is not due to the absence of
DNA in the sample, the PCR product of the k-ca-
sein gene was used as an internal control.

Digestion of the PCR product with Hind III
allowed the differentiation of k-casein A and B
alleles and did not digest the sex related fragment.
Analysis of k-casein gene was successful in 50 from
61 (82%) analyzed embryos. Thirty (60%) embryos
were determined to carry an AA genotype (Table
1), resulting in one fragment 443 bp long and 20
(40%) embryos were determined to have an AB
genotype (443, 348 and 95 bp fragments). All com-
binations of the known genotypes were detected on
the same agarose gel.

The results of standard PCR analysis obtained
using the DNA isolated from the spermatozoa
showed the AA genotype for k-casein gene. These
results were compared with multiplex PCR results,
where one allele was inherited from the bull used
for in vitro fertilization (not shown).

We demonstrated that DNA content of one blas-
tomere of an IVF bovine embryo is sufficient to
genotype several genes by multiplex PCR analysis.
The first step of this method is an isolation of a
single blastomere by microaspiration from bovine
embryos at the 8-16 cell stage and subsequent lysis
of blastomere. In the second step, all lysed products
and mixed with two sets of primers specific for k-
casein and Y-specific locus were subjected to the
multiplex PCR.

Generally, there is no theoretical limit for the
number of loci investigated in one step. On the
other hand, the number of loci that could be si-
multaneously investigate by multiplex PCR depend
on the temperature of annealing of the used set of
primers, restriction endonucleases used, their com-
patibility with the buffers and a size of fragments.
Thus, allele-specific amplification of nine loci was
simultaneously achieved by PCR (Chamberlain
et al., 1988). From two to three loci were usually
analyzed by multiplex PCR (Iakubova ez al., 1994;
Lindersson et al., 1995; Chrenek ez 4l., 1998).

The absence of amplification of the Y-chromosome
specific band might indicate female sex. However,
there is a risk of obtaining false results, mainly
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in case of female genotype, when DNA amount
in sample is not enough to be detected by PCR.
Therefore, the PCR product of the k-casein gene
was used as an internal control. In this study, we
detected K-casein genotypes using the restriction
endonuclease Hind III, which did not digest sex
related fragment (male genotype).

This study demonstrates the possibility reliable
determination of the genotype of different loci using
a single blastomere of bovine embryo by multiplex
PCR analysis in a relatively short period (4 h).
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