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MERISTIC STUDIES OF SIBERIAN STURGEON
(ACIPENSER BAERI BRANDT) AND ITS CROSSES WITH
GREEN STURGEON (ACIPENSER MEDIROSTRIS AYRES)

MERISTICKE STUDIUM JESETERA SIBIRSKEHO (ACIPENSER BAERI
BRANDT) A JEHO HYBRIDU S JESETEREM ZELENYM (ACIPENSER
MEDIROSTRIS AYRES)

R. Kolman', V. D. Krylovaz, B. Szczepkowska3, M. Szczepkowski3

'Inland Fisheries Institute, Department of Lake Fisheries, Olsztyn-Kortowo, Poland
2YNIRO, Moscow, Russia
3Experimental Hatchery “Dgal”, Pieczarki, Pozezdrze, Poland

ABSTRACT: Eggs of Siberian sturgeon were fertilised for the first time with milt collected from Sakhalin (green) sturgeon
in spring 1995, in the Konakowo Stocking Centre, Russia. A small amount of these hybrid eggs, and eggs of Siberian sturgeon
fertilised at the same time, were transported to the Experimental Hatchery “Dgal®, Poland, where they were incubated. The
hatchings were reared, and fry of the two groups was produced. Comparative morphometric studies were performed in the
course of fry rearing, the objective of which was to define the characters allowing for a reliable distinguishing of the pure
species, Siberian sturgeon, from its crosses with green sturgeon. Analysis of the distribution of meristic characters (Figs. 1-6)
revealed that the hybrid differed significantly from the maternal species only as regards the number of dorsal and lateral bony
plates, the mean numbers of which amounted to 8.9 £ 1.00 and 15.59 £2.01, and 33.47 £ 2.24 and 48.14 £ 3.39, respectively.
Comparison of plastic features, with CD coefficient, showed that major differences between the two groups of fish consisted
of relative head dimensions (Figs. 8 and 9). Analysis of the hybridisation index values of meristic characters revealed that
the hybrid resembled the green sturgeon with respect to majority of the characters (Fig. 7).

Keywords: sturgeons; Acipenser baeri; A. medirostris; hybrids; morphometric studies

ABSTRAKT: Jikry jesetera sibifského byly poprvé oplodnény mli¢im odebranym od jesetera zeleného na jare roku 1995
v Reprodukénim centru ryb Konakovo v Rusku. Malé mnoZstvi téchto hybridnich jiker a jiker jesetera sibifského, které byly
oplodnény ve stejnou dobu, bylo odvezeno do Experimentdlni Iihn€ ,Dgal* v Polsku, kde do$lo k jejich inkubaci. Vylihnuty
plidek byl odchovivin ve dvou skupindch. V prib&hu odchovu plidku jsme provadéli morfometrické studie, jejichz cilem
bylo uréeni znakd, které umoZni spolehlivé rozliSit Cisty druh, jesetera sibiiského, od jeho kfiZench s jeseterem zelenym.
Rozbor rozlozeni meristickych znaki (obr. | aZ 6) ukdzal, Ze se hybrid od matefského druhu lisi vyznamné pouze poétem
dorzdlnich a laterdlnich kosténych destiek, jejichZ pramérny pocet &inil 8,9 + 1,00 a 15,59 + 2,01, resp. 33,47 + 2,24
a 48,14 +3,39. Porovnani plastickych rysi pomoci koeficientu rozdilu CD naznadilo, Ze hlavni rozdily mezi ob&éma skupinami
ryb spodivaji v relativni velikosti hlavy (obr. 8 a 9). Analyza hodnot indexu hybridizace pro meristické znaky odhalila, Ze se
hybrid podoba jeseteru zelenému ve vétSiné znakt (obr. 7).

Klicova slova: jeseteroviti; Acipenser baeri; A. medirostris; hybridi; morfometrické studie

INTRODUCTION 1965; Hart, 1973; Scott, Crossman, 1973). Throughout

its distribution range this fish is considered to be a rare

Preservation of the endangered species of sturgeons
depends on the measures used to enhance their natural
reproduction, most of all on stocking with the material
from artificial spawning, frequently using spawners
bred in controlled conditions. Sakhalin (green) stur-
geon (Acipenser medirostris Ayres) is a typical exam-
ple. Its distribution range is very wide, comprising west
and east coasts of north Pacific (Lindberg, Legeza
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or a disappearing species. The situation is especially
grave at the west Pacific coast, where there is probably
only one small population of this fish, which enters the
Tumnin River for spawning (Artiukhin, Andronov,
1990; Birstein et al., 1997; Pavlov et al., 1994).
Artificial reproduction of green sturgeon (Acipenser
medirostris Ayres) was carried out for the first time in
1987 (Artiukhin, Andronov, 1990). Some of the hatch-

97



lings were transported from the Far East to the Stock-
ing Centre in Konakowo near Moscow, where they
were used to obtain a stock of selects. The males at-
tained sexual maturity for the first time in spring 1995,
and could have been used to produce an interesting
hybrid: eggs of Siberian sturgeon (Acipenser baeri
Brandt) were fertilised with milt of green sturgeon
(A. medirostris Ayres). A small part of the hybrid eggs,
and eggs of Siberian sturgeon fertilised at the same
time, were brought to the Experimental Hatchery
“Dgal* of the Inland Fisheries Institute, Poland, in
which they were incubated, and then reared to attain
the fry stage (Kolman et al., 1997).

Availability of this unique material induced the
authors to carry out studies in order to compare mor-
phological characters in the two groups, and to find
meristic parameters that might be used to accurately
distinguish the pure species, Siberian sturgeon, from its
crosses with green sturgeon.

MATERIAL AND METHODS

The two fish groups, i.e. Siberian sturgeon and its
hybrid with green sturgeon, were reared in tanks from
the stage of eyed egg in a water recirculation system.

Meristic examination was carried out on day 370 of
fish rearing, using standard procedures (Krylova, So-
kolov, 1981) and live fish collected from the two
groups. The sample comprised 22 Siberian sturgeons
and 32 hybrids. The following meristic and plastic
characters were analysed: W — body weight (g), L —
total length (cm), SD — number of dorsal bony plates,
SL — number of lateral bony plates, SV — number of
ventral bony plates, D — number of rays in dorsal fin,
A — number of rays in anal fin, Sp.br. — number of gill
rakers on the first arch. 1| — body length from rostrum
tip to the end of middle rays in the caudal fin, |, — body
length from rostrum tip to the base of middle rays in
caudal fin, aD - pre-dorsal length, aV — pre-ventral
length, aA — pre-anal length, C - head length, R —
rostrum length, op — post-orbital space, o — eye diame-
ter, HC - the biggest head height, hCo — the smallest
head height, io — interorbital space. BC — the biggest
head breadth, bC — head breadth measured between the
upper edges of the operculi, r, — distance from rostrum
end to the base of middle barbs, r. — distance from
rostrum end to cartilaginous snout edge, |. — external
barb length, SR, — rostrum breadth at barb base, SR, —
rostrum breadth at cartilaginous snout vault, SO - snout
breadth, il — breadth of lower lip gap, H — the biggest
body breadth, h — the smallest body breadth, pl - length
of caudal part, ID — length of dorsal fin base, hD —
height of dorsal fin.

To compare Siberian sturgeon with the hybrid, rela-
tive values were used of the mentioned plastic charac-
ters, expressed as % of body or head length. Signifi-
cance of the differences between the examined

98

parameters was tested using the coefficient of differ-
ence (CD) (Mayer, 1971):

CD = (M, - My)/(c, - G,) > 1.28 1)

where: M\, M2 — mean values of a parameter in the compared
groups
O, 0, - standard deviations for this parameter
Based on the means of meristic characters for Sibe-
rian sturgeon and the hybrid, as well as for green stur-
geon (according to Artiukhin and Andronov, 1990). hy-
bridisation indexes (H/) were calculated, characterising
morphological similarities between the hybrid and the

parental species (Verigin, Makeeva 1972):

PN T ALY @
M, m~ M, r A
where: M;, - mean value for the hybrid
M, - mean value for the species female
M, — mean value for the species male

RESULTS AND DISCUSSION

Fish in the two groups were characterised by a rela-
tively uniform body weight and length; the mean values
on day 370 were respectively for Siberian sturgeon and
hybrid fry: 2432 + 296 g and 2074 + 270 g, and 86.0
+ 4.0 cm and 79.5 £ 3.0 cm. Siberian sturgeon was
characterised by higher dynamics of body weight incre-
ments in relation to length increments than the hybrid,
this being reflected in the condition coefficient of Ful-
ton, which amounted to 0.42 £ 0.05 and 0.38 £ 0.03,
respectively.

Fish in the compared groups differed with respect to
colouring and body shape. Gray-brownish colouring
dominated in Siberian sturgeon. This fish was the dark-
est over its dorsal part (down to lateral plates), where
brownish colour dominated. It gradually passed into
greyish-brown and white-greyish over the ventral part.
Colouring of bony plates did not differ from skin col-
ouring. Brownish-green colour dominated in the hybrid
over the dorsal part. and greyish-olive green over the
ventral one. Dorsal and lateral plates were bigger than
in Siberian sturgeon. They were lighter in colour, with
chocolate shade, and possessed noticeable grooves. The
hybrids differed from Siberian sturgeon in the more flat
rostrum, and noticeable dorsal-ventral body flattening.
The examined crosses of Siberian and green sturgeon
resembled green sturgeon as regards body colouring
and shape (Scott, Crossman, 1973; Artiukhin, An-
dronov, 1990).

The differences observed between Siberian sturgeon
and its crosses with Sakhalin one were confirmed by
the examination of meristic and plastic characters.
Values of meristic characters showed that the hybrid
differed from its maternal species only as regards the
number of dorsal (SD) and lateral (SL) plates (Figs. |
and 2), the mean values of which were 8.9 + 1.00 and
15.59 = 2.01, and 33.47 £ 2.24 and 48.14 * 3.39, re-
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1. Histogram of the frequency distribution of dorsal bony plates (SD)
in the hybrid and in Siberian sturgeon
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3. Histogram of the frequency distribution of ventral bony plates
(SV) in the hybrid and in Siberian sturgeon

spectively. Values of other meristic characters over-
lapped either partly (number of ventral plates — SV -
and number of gill rakers — sp.br.) (Figs. 3 and 4) or
totally (number of rays in dorsal - D — and anal — A -
fin) (Figs. 5 and 6), so that they could not be used to
distinguish the two fish.

The hybrids had intermediate values of meristic
characters compared to the parental species, this being
clearly revealed by the analysis of hybridisation in-
dexes (HI). They were calculated from the mean values
of meristic parameters for green sturgeon (according to
Artiukhin and Andronov, 1990), Siberian sturgeon and
the hybrid (Tab. I). It was found from these data that
the hybrid resembled green sturgeon as regards major-
ity of the characters (SD, SL, SV and A), while the
number of rays in the dorsal fin (D) was close to that
in Siberian sturgeon, and sp.br. number was intermedi-
ate compared to the parental species (Fig. 7). Analysis
of the HI index confirmed the observations on external
appearance of Siberian sturgeon and its hybrid with
green sturgeon.

CZECH J. ANIM. SCL., 44, 1999: 97-101
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2. Histogram of the frequency distribution of lateral bony plates (SL)
in the hybrid and in Siberian sturgeon
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4. Histogram of the frequency distribution of gill rakers on the first
arch (Sp.br.) in the hybrid and in Siberian sturgeon

Lack of our own as well as literature data describing
plastic characters of Sakhalin sturgeon of a similar age
and size range like in this study makes it impossible to
calculate the hybridisation indexes. In view of this, it
was decided to compare their mean relative values and
to assess significance of the differences in order to es-
tablish which of them might be used to differentiate
between the subspecies (CD > 1.28). The following
characters were taken into consideration (marked “**
in Figs. 8 and 9): relative head length (C/L), inter-
-orbital space (io/C), relative rostrum breadth (SR./C
and SR/C) and relative size of the gap in lower lip
(il/So0). The hybrid, compared to Siberian sturgeon, was
characterised by bigger relative head (C/L) and rostrum
(R/C) length. The respective values amounted to 24.3
+3.8and 20.6+0.9, and 53.1 £ 1.4 and 49.6 £ 2.1. As
a consequence, the hybrid had smaller relative head
breadth (SR./C) than Siberian sturgeon, and smaller
inter-orbital space (io/c), the respective values being:
20.0 £ 1.0 and 25.2 £ 1.1, and 25.0 = 0.8 and 27.4 *
1.1. In addition to this, the hybrid was characterised by
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5. Histogram of the frequency distribution of dorsal fin rays (D) in
the hybrid and in Siberian sturgeon
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7. Hybridisation index values for the meristic characters of the hy-
brid, Siberian sturgeon and green sturgeon

smaller mouth breadth (SO/C), but a much larger gap
in the lower lip (il/SO) compared to Siberian sturgeon,
the values of which amounted to: 23.4 + 1.1 and 26.4
+ 1.4, and 25.9 + 3.7 and 10.3 % 2.2, respectively.

The results of the examination of plastic characters
confirmed dorso-ventral body flattening of the hybrid.
The hybrid had lower values related to head and body
height than Siberian sturgeon, respectively: H/L 10.7 =
0.6 and 11.6 + 0.6; h/L 2.8 + 0.1 and 3.0 + 0.6; HC/C
29.8 £ 1.7 and 33.8 £ 3.1; hC/C 18.1 £ 0.7 and 21.4
+2.8.

Besides the described morphometric differences,
fish in the two groups showed different behavioural
patterns. Hybrid fry spent most of the day at the tank
bottom, making only slow movements to uptake food
pellets, while Siberian sturgeon was an active swimmer
penetrating the whole water column. Apart from the
heterosis effect characteristic of genetically distant F,
crosses, hybrid behaviour might have been due to
higher growth rate at the same food use (Kolman er al.,
1997).

100
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6. Histogram of the frequency distribution of anal fin rays (A) in the
hybrid and in Siberian sturgeon
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8. Comparison of relative values (related to body length — L) of
plastic parameters in the hybrid and in Siberian sturgeon

1%
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9. Comparison of relative values (related to head length — C) of
plastic parameters in the hybrid and in Siberian sturgeon
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1. Mean values, standard deviations and ranges of meristic characters of Siberian sturgeon, its hybrid with green sturgeon, and green sturgeon

(the latter were taken from Artiukhin and Andronov, 1990)

Character SD SL SV D A Sp.br.
mean 15.59 48.14 11.05 34.73 23.50 35.36
Siberian sturgeon SD +2.01 +339 + L.15 +2.67 +1.78 +3.31
range 12-20 38-56 8-13 30-40 20-20 29-40
mean 8.94 33.47 8.63 35.78 22.16 27.16
Hybrid SD +1.00 +2.24 +0.89 +2.87 +1.82 £2.11
range 7-11 29-35 7-11 31-44 18-26 23-32
mean 9.5 29.1 7.7 34.1 23.0 19.4
Green sturgeon SD +0.85 +2.13 +1.34 +4.25 +245 +0.84
range 811 26-33 5-10 29-44 19-27 18-21
Low activity and keeping to the bottom zone is REFERENCES

a characteristic behaviour of green sturgeon fry in
small rivers with rapid current (Artjukhin, Andronov,
1990). This type of behaviour, and morphological ad-
aptation to the current (long and flat rostrum, dorso-lat-
eral body flattening), prevent too early fry transporta-
tion to sea water. Hence, it can be stated that the hybrid
inherited fraternal characters not only as regards mor-
phological parameters, but also the fish behaviour.

CONCLUSIONS

1. Analysis of the distribution of meristic characters
(Figs. 1-6) showed that the hybrid differed signifi-
cantly from Siberian sturgeon only by a smaller
number of dorsal (SD) and lateral (SL) bony plates.

2. Analysis of the hybridisation index values of meris-
tic characters revealed that the hybrid resembled the
green sturgeon with respect to majority of the char-
acters.

3. Comparison of plastic parameters of the hybrid and
Siberian sturgeon, with the CD coefficient, revealed
that the differences were at a level characteristic of
a subspecies in the case of C/L, io/C, SRc/C, SRr/C
and il/S i.e. as regards head morphology.

4. There were morphologic as well as behavioural dif-
ferences between the hybrid fry and Siberian stur-
geon, and many common characters with green stur-
geon.
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THE INFLUENCE OF CHLORINE ON THE ACTIVITIES
OF LACTATE DEHYDROGENASE AND ITS ISOENZYMES
IN PLASMA OF LAMBS"

VPLYV CHLORU NA AKTIVITU LAKTATDEHYDROGENAZY
A JEJ IZOENZYMOV V KRVNEJ PLAZME JAHNIAT

L. Sutiakové', E. Bekeova', V. Sutiak’

'Research Institute of Experimental Veterinary Medicine, Kosice, Slovak Republic
2University of Veterinary Medicine, Kosice, Slovak Republic

ABSTRACT: The influence of chlorine doses in drinking water on the activities of lactate dehydrogenase and its isoenzymes
in blood plasma of ewe lambs was studied after short-term and long-term chlorine action. Drinking water was treated with
chlorine gas and adjusted with preparation Savo-Super in such a way that it contained 0.3 mg active chlorine/l at the time of
administration. We also used a medication of chlortetracycline-chloride (preparation Aureovit 12 C 80 plv. a. u. v.), added
to the feed mixture to ensure consumption of the preparation 0.35 g/kg 1.w./day. The short-term action of chlorine concen-
trations showed no significant differences in the total LD activity and LD isoenzymes between the control and the experimental
groups. However, significant difference in the activity of isoenzyme LD1 (P < 0.05) was observed at one sampling in the
experimental group treated with Aureovit after the 3-months exposure.

Keywords: ewe hogs; bioindicators; lactate dehydrogenase isoenzymes; drinking water; chlorination

ABSTRAKT: Sledovali sme vplyv koncentrécii chléru v pitnej vode na aktivitu laktitdehydrogendzy a jej izoenzymov
v krvnej plazme jahniCiek po kritkodobej a dlhodobej aplikdcii. PouZili sme pri tom dezinfekény pripravok plynny chlor
a Savo-Super, a to tak, aby pri podani voda obsahovala 0,3 mg aktivneho chléru na liter vody, a lie¢ivo chlortetracyklin-
chlorid (pripravok Aureovit 12 C 80 plv. a. u. v.) tak, aby kazdé jahiia $konzumovalo 0,35 g pripravku na kg Z. h. a deil po
primie$ani do kfmnej zmesi. Pocas kritkodobého pdsobenia nizkych koncentrécii chléru neboli zistené signifikantné odchylky
v celkovej aktivite LD a v izoenzymoch LD medzi kontrolnou a pokusnymi skupinami. Zaznamenali sme v3ak signifikantné

rozdiely v aktivite izoenzymu LDI (P < 0,05) v pokusnej skupine s Aureovitom, iba raz po trojmesanom pdsobeni,

Klicové slova: jahnicky: bioindikdtory; izoenzymy laktitdehydrogendzy; pitnd voda; chlordcia

INTRODUCTION

Drinking water is one of the components essential
for life, and its disinfection by chlorination belongs to
prevention of various viral, bacterial, protozoan and
parasitic diseases. On a worldwide scale there are sev-
eral alternatives to chlorination of drinking water, how-
ever, there is a danger of formation of so called by-
-products which can have carcinogenic or mutagenic
effects (Bull er al., 1995). The formation of by-prod-
ucts in drinking water depends on its chlorine treat-
ments. The toxicological research on disinfection by-
-products has focused on the carcinogenic and mu-
tagenic activity of the halogenated organic disinfection
by-products (Gonzales-Leon et al., 1997; Giller et al.,
1997). Therefore we face a dilemma whether or not to

continue to use different types of chlorination because
even low concentrations of by-products, when they act
for longer period of time, can seriously affect the health
(Gauthier et al., 1995).

Enzyme studies are still an important part of inves-
tigations of the effect of various xenobiotics on cellular
systems and tissues (Poracova et al., 1992; Braun et al.,
1993; Sutiakovi et al., 1995). Lactate dehydrogenase
(E.C.1.1.127, LD hereafter) plays an important role in
the glycolytic cycle and is therefore crucially important
for muscle physiology. It is a cytosol biomdrker en-
zyme, and it occurs in isoenzyme forms which can be
utilised as indicator of damage to tissues or organs
(Kopperchliger, Kirchberger, 1996).

The present study investigated the effects of acute
and chronic exposure to two concentrations of chlorine,

* This work was supported by grant No. 95/53 05/490 of the Ministry of Agriculture of the Slovak Republic.
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based on the disinfectants chlorine gas and Savo Super
in drinking water and the therapeutic chlortetracycline-
-chloride (preparation Aureovit 12 C 80 plv. a. u. v.),
in feed on the activities of lactate dehydrogenase and
its isoenzymes in blood plasma of lambs.

MATERIAL AND METHODS

Two months old lambs (18 animals) of Slovak Me-
rino breed, weighing 11.0-14.5 kg, were used in the
experiments. The lambs were obtained from location
N.B., from a private breeder. Prior to their inclusion in
the experiments, they were nursed by mothers in such
a way that they had limited access to drinking water
and received no additional feed. Two weeks before the
experiment the lambs were adapted to experimental
housing conditions as follows: all animals had access
to spring non-chlorinated water (ad libitum) obtained
from the plant Vychodoslovenské vodarne a kanalizé-
cie, Kosice. They also had free access to the feed mix-
ture COJ 2 and meadow hay. Lambs were supplied with
standard feed rations, i. e. 35 dkg meadow hay/
/head/day and 25-30 dkg feed mixture COJ 2/head/day.

EXPERIMENTAL SCHEME

Two series of experiments were carried out, the first
of shorter duration (I month) and the second longer-
-lasting (3 months). Each of the experimental series
consisted of one control group and two groups of ex-
perimental lambs. The control group in acute exposure
experiments consisted of 6 ewe lambs and that in the
chronic experiments of 3 ewe lambs. The control ani-
mals were supplied with spring water without any ad-
ditions, obtained from the supplier mentioned above in
the same quantity and the system as that mentioned in
the characterisation of the preliminary period. In the
first series of experiments, the ewe lambs were sup-
plied with chlorinated water which contained 0.3 mg
active chlorine/l. The water supplied was first treated
with chlorine gas and then adjusted with the prepara-
tion Savo-Super (Biochémie a.s., Bohumin, 950ml bot-
tles, sodium hypochloride concentration min. 47.2 g/l
at filling). The first experimental group of animals was
supplied with water with the same concentration of free
chlorine and the same system of consumption in both
series of experiments. Animals of both series were of-
fered feed in the same way described for the pre-treat-
ment period.

The second experimental group was supplied with
water in the same way and quality as the control group
in both series of experiments. In addition to that, the
COJ 2 mixture was supplemented with chlortetracy-
cline-chloride (preparation Aureovit 12 C 80 plv. a. u.
v., containing 8% of the active ingredient, 0.5 kg pack-
aging) in such a way that each lamb consumed 0.35 g
of the preparation per kg live weight and day, added to
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the feed mixture. The total quantity of the feed mixture
and meadow hay supplied was the same as in the other
groups.

Blood samples were withdrawn from vena jugularis
into heparin (15 i.u./ml) in the morning, in the set time
intervals. The blood plasma was obtained by centrifu-
gation for 15-20 min at 190 g. The total LD activity
was determined spectrophotometrically by means of
Seva-test LD (Imuna). Measurements were made in
triplicate (the total LD activity) and duplicate (activi-
ties LD isoenzymes). The LD isoenzymes were sepa-
rated in 5.5% polyacrylamide gel according to Dietz
and Lubrano (1967). Quantitative evaluation of isoen-
zymes was carried out by means of a densitometer DS
90 equipped with control and evaluation software
Denzito (Mikro LaAp Ltd, Co.) Results were evaluated
statistically using Student’s r-test.

RESULTS

The results of the total activity of LD and its isoen-
zymes, obtained during the acute exposure to 2 differ-
ent types of chlorine, are presented in Tab. 1. During
the short-term action of these chlorine concentrations
no significant differences in the total LD activity and
individual isoenzymes were observed between the con-
trol and the two experimental groups. Tab. II shows the
results of 3-month action of chlorine on the activity of
polymorphic isoenzyme system of lactate dehydro-
genase. Significant changes were recorded only in the
activity of isoenzyme LDI (P < 0,05) in the second
experimental group at sampling on June 18, 1996. The
activities of individual isoenzymes in the remaining
experimental groups showed no significant changes.

DISCUSSION

LD is a cytosol enzyme present in almost all organ
systems in mammals. Therefore the determination of
total activity of LD in the serum may be a sensitive but
not specific bioindicator of organ damage. However,
the function of specific indicators is performed by LD
isoenzymes which allow us to identify the damage
either to tissues or at least to organs (e.g. during dehy-
dration, action of bacterial toxins, some xenobiotic,
etc.) (Drent et al., 1996 Huijigen et al., 1997). On the
other hand, there are some interspecies differences in
the activity of LD isoenzymes which can be affected
by physiological factors such as age, sex, breed and so
on (Heinova et al., 1996; Avallone et al., 1996; Su-
tiakova et al., 1996; Mattova et al., 1997). No signifi-
cant differences in the activities of LD isoenzymes
were observed in the experimental groups of ewe lambs
after the short-term exposure to chlorine concentra-
tions. Two ewe lambs (in the control and the second
experimental group) exhibited higher activity of the
LD5 isoenzyme, the reasons should be analysed. For
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. Activities of lactate dehydrogenase and its isoenzymes in the acute lamb experiments exposed to two chlorine compounds

o Blood plasma
Experiments Groups of animals 3:1‘:1':;":“1 TA LDI LD2 LD3 LD4 LDS
pkat.I-! % % % % %
X 7.08 72.40 11.74 11.04 3.00 1.78
control group +5 1.34 8.60 5.70 4.30 1.58 1.20
n 6 6 6 6 6 6
x 7.56 79.30 6.60 7.41 1.74 4.96
0. experiment 1. experimental group E3) 1.62 3.48 1.72 2.84 0.90 2.60
23. 4. 1996 (SAVQ) n 6 6 6 6 6 6
P P> 0.05 P > 0.05 P> 0.05 P> 0.05 P> 0.05 P> 0.05
x 7.92 69.10 7.70 8.50 4.96 11.06
2. experimental group + 1.02 16.20 3.47 293 5.60 9.50
(AUREOVIT) i 6 6 6 6 6 6
P P>005 | P>005 | P>0.05 | P>0.05 P> 0.05 P> 0.05
X 3.38 71.50 12.80 7.57 3.07 5.03
control group - 1.61 4.40 4.80 232 1.09 2:31
n 6 6 6 6 6 6
x 3.77 68.90 11.42 11.90 3.30 447
Ist experiment I. experimental group ts 1.47 5.40 2.40 6.30 1.31 2.06
7. 5. 1996 (SAVO) n 6 6 6 6 6 6
P P> 0.05 P > 0.05 P> 0.05 P > 0.05 P > 0.05 P> 0.05
X 4.62 67.70 10.70 7.01 2.59 12.03
2. experimental group ts 0.92 15.90 3.98 2.85 1.78 17.90
(AURBOVIT) " 6 6 6 6 6 6
P P>0.05 | P>0.05 | P>0.05 P> 0.05 P> 0.05 P> 0.05
X 53 64.29 5.60 8.12 8.30 13.70
control group £ 272 19.50 1.85 3.40 7.50 18.50
n 6 6 6 6 6 6
x 4.42 64.01 4.62 4.92 3.93 22.52
2nd experiment 1. experimental group ty 1.14 23.90 1.99 2.32 2.10 26.04
21.5. 1996 (SAVO) n 6 6 6 6 6 6
P P> 0.05 P>005 | P>005 | P>0.05 P> 0.05 P > 0.05
x 5.32 77.48 5.40 5.66 2.81 8.64
2. experimental group £ 1.29 6.90 3.95 2.58 1.70 2.35
(AUREOVIT) i 6 6 6 6 6 6
/ P>005 | P>005 | P>0.05 P> 0.05 P> 0.05 P> 0.05

TA - total activity

example, in the case of liver disorders the activity of
the LD1 isoenzyme in plasma with the highest electro-
phoretic mobility increases in horses, sheep, pigs and
cows and, on the contrary, that of the isoenzyme LD5
with the lowest electrophoretic mobility increases more
frequently in rats, dogs and cats (Bldhovec et al.,
1992). The differences in the distribution of LD isoen-
zymes in tissues are caused by the differences in their
metabolic activity. Cathodal isoenzymes LD4 and LD5
enable rapid accumulation of lactate and occur in the
tissues with anaerobic glycolysis (Beatty, Doxey,
1983). During the 3-month action of the preparation
mentioned in the LD isoenzyme system in blood
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plasma, a significant difference was recorded in one
case only, for isoenzyme LDI in the experimental
group, treated with Aureovit. Sparrow er al. (1994) in-
vestigated the influence of chlorinated herbicide
2,3,7 8-tetrachlorodibenzo-p-dioxine (TCDD) also on
the activities of LD isoenzymes in liver in male mice
of the strain C 57 BL/6J.

A dose-dependent reduction of hepatic pyruvate car-
boxylase levels and activity occurs in C 57 BL/6] male
mice given TCDD i.p. in a corn oil carrier. Their data
presented the evidence that in C 57 BL/6J male mice
treated with less than lethal doses of TCDD exhibit
a substantial dose-dependent reduction in hepatic pyru-
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II. Activities of lactate dehydrogenase and its isoenzymes in the lamb experiments exposed to two chlorine compounds for the period of
3 months

Continuation of ) Statistical Blood plasma
the chronic Groups of animals valtes TA LDI LD2 LD3 LD4 LD5
£xposure pkat ! % % % % %
X 5.73 65.86 5.78 3.67 6.56 18.13
control group &9 0.38 9.57 1.98 0.45 4.55 13.90
n 3 3 3 3 3 3
X 5.18 75.60 5.70 6.10 6.01 6.70
Ist experiment I. experimental group | £ 0.14 9.30 1.60 3.90 3.62 4.70
4.6. 1996 (SAVO) p 6 3 5 : 3 3
P P>0.05 P >0.05 P >0.05 P > 0.05 P > 0.05 P> 0.05
x 573 64,51 5.13 4,90 9.84 15.65
2. experimental group £ 0.70 10.10 1.40 3.90 3.95 9.87
(AUREOVIT) A 3 3 3 3 3 3
P P>005 [ P>0.05 P>005 | P>0.05 P > 0.05 P> 0.05
x 5.18 93.13 1.60 2.80 1.08 1.40
control group £ 249 0.68 0.40 1.30 0.64 1.20
" 3 3 3 3 3 3
X 5.76 91.40 298 3.1 1.12 1.54
2nd experiment I. experimental group ts 1.27 4.70 0.69 0.74 0.22 093
18. 6. 1996 (SAVO) 7 3 3 3 3 3 3
P P> 0.05 P> 0.05 P> 0.05 P> 0.05 P> 0.05 P> 0.05
X 5.89 95.90 2.60 2.80 1.44 0.30
2. experimental group ts 0.79 220 1.20 0.40 0.96 0.18
(AUREOVIT) i 3 3 3 3 3 3
P P>0.05 P>005 | P>0.05 | P>0.05 P> 0.05 P> 0.05
X 5.63 91.83 235 3.40 0.09 240
control group t5 0.15 5.54 1.84 0.80 0.06 2,94
n 3 3 3 3 3 3
X 4.2 92.80 243 3.85 0.85 0.41
3rd experiment 1. experimental group ts 0.14 0.23 0.73 0.035 0.045 0.14
2.7. 1996 (SAHVO) 0 2 2 2 2 2 2
P P> 0.05 P > 0.05 P > 0.05 P> 0.05 P> 0.05 P > 0.05
X 5.63 88.54 3.80 6.70 0.86 0.14
2. experimental group ty 0.15 1.80 1.06 2.60 0.28 0.08
(AUREOVIT) y 3 3 3 3 3 3
P P> 005 P> 005 P> 0.05 P> 005 P> 0.05 P> 0.05
x 4.67 92.62 37 3.16 0.71 0.18
control group Tis 0.86 041 0.43 0.51 0.23 0.13
n 3 3 3 3 3 3
x 5.85 93.52 2.57 253 0.80 0.09
4th experiment I. experimental group - 0.78 0.56 0.06 0.31 0.28 0.07
16.7. 1996 (SANG) n 2 2 2 2 2 2
r P >0.05 P > 0.05 P> 0.05 P > 0.05 P > 0.05 P> 0.05
x 4.13 91.10 4.50 3.40 1.50 0.44
2. experimental group ts 0.87 2.70 1.80 1.20 0.32 0.31
(AUREOVIT) i 3 3 3 3 3 3
P P> 0.05 P> 0.05 P> 0.05 P >0.05 P> 0.05 P> 0.05
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vate carboxylase levels and activity as well as changes
in LD isoenzyme activity. This is accompanied by an
increase in blood lactic acid levels. Normal liver LD is
composed of M subunits. They noted that it is neces-
sary to gain the knowledge about the mechanism of
action of TCDD on the system mentioned. Gupta et al.
(1991) studied the changes in the profile of total LD
and characteristics LD isoenzymes patterns in the se-
rum and tissue of rats by acute carbofuran intoxication.
The patterns of LD isoenzymes in serum revealed a sig-
nificant (P < 0.01) increase in all the isoenzymes ex-
cept LD4 (64% decrease). Analysis of each tissue reve-
laed specific changes in LD isoenzyme patterns
indicating organ-specific tissue damage.

The studies mentioned could bring some interesting
results by examining the activities of LD isoenzymes
also in some tissues in relation to the preservation of
health in animals and human.
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DYNAMIKA ZMEN CHOLESTEROLU V KREVNI PLAZME
SLEPIC V PRUBEHU SNASKOVEHO OBDOBI

VARIATIONS IN CHOLESTEROL CONCENTRATIONS IN THE BLOOD
PLASMA OF HENS THROUGHOUT THE LAYING PERIOD

P. Suchy, E. Strakova, A. Hruby

Veterinary and Pharmaceutic Faculty, Brno, Czech Republic

ABSTRACT: The objective of the paper was to study variations in cholesterol concentrations in the blood plasma of hens
throughout the laying period. A total of 30 clinically healthy hens of laying hybrid MORAVIA BSL were used. Hens were
kept individually in cages and received complete feed mixtures for laying hens with these nutrient contents in 100% dry
matter: proteins 162.5 g/kg, fat 52.4 g/kg, fiber 31.7 g/kg, Ca 46.3 g/kg, P 10.4 g/kg, Mg 5.6 g/kg, ash 160.2 g/kg and with
declared minimum energy content of 10.5 MJ/kg. Cholesterol concentrations in the blood plasma of hens were regularly
determined in monthly intervals for ten months throughout the laying period. Blood was sampled by the puncture of vena
basilica and heparin stabilized. Plasma cholesterol was determined photometrically using commercial test kits Bio-Lachema-
Test. Ten blood collections in all 30 hens were made in the laying period: 300 individual values of plasma cholesterol of
hens were obtained. Great variations in cholesterol concentrations in the blood plasma of hens are evident from experimental
data. Individual concentrations of plasma cholesterol ranged from 1.24 to 10.92 mmol/l with average value of 4.51 mmol/l
in the experimental set of hens throughout the laying period. It is interesting that cholesterol concentrations in the blood
plasma of hens are characterized by typical curves in the laying period. Tab. 1 shows average values of cholesterol concen-
trations determined in the separate months of laying. Average cholesterol concentrations in blood plasma throughout the
laying period ranged from 2.72 to 6.18 mmol/l showing typical curves: their low values ranged from 2.72 to 3.66 mmol/I
within the first part of laying period, i.e. by the fifth month. A statistically highly significant (P < 0.1) increase to 5.45 mmol/
was observed in the second part of the laying period, i.e. since the 6th month, with maximum value of 6.18 mmol/l in the
7th month of laying. From the 7th month to the end of observation (10th month), differences in average values determined
in the next months were small and statistically insignificant. Variations in cholesterolemia dynamics throughout the laying
period are to be related to laying intensity because higher laying intensity requires higher cholesterol output to produce yolk
matter, and this can result in lower plasma cholesterol concentrations. On the other hand, lower laying intensity. decreasing
from the 6th and 7th month of laying, is accompanied by lower cholesterol output for egg production, and it can be the reason
for its increase in the blood plasma of hens.

Keywords: hens; blood plasma; cholesterol

ABSTRAKT: Cilem piedloZené price bylo studium dynamiky cholesterolu v krevni plazmé slepic. Hladiny plazmatického
cholesterolu byly sledovany v mési¢nich intervalech v prib&hu snd$kového obdobi. Do sledovini bylo zafazeno 30 klinicky
zdravych slepic. Celkem bylo provedeno 300 vySetfeni a byla stanovena primé&rnd hodnota cholesterolu 4.51 mmol.I”' (5,1
=1,973) v krevni plazmé vySetfovanych slepic. Zajimavé vysledky byly dosaZeny pfi sledovini dynamiky hladiny choleste-
rolu v krevni plazmé slepic v jednotlivych mésicich sna§ky. Primérné hodnoty plazmatického cholesterolu se pohybovaly
v rozmezi od 2,73 do 6,18 mmol.I"". Charakteristickd zm&na byla pozorovina v poloviné snaskového obdobi, kdy od 6. mé-
sice snadky byl zaznamendn statisticky vysoce prikazny (P < 0,01) vzestup hladiny cholesterolu v krevni plazmé slepic.
Obecné Ize charakterizovat troveii cholesterolu jako nizkou — hladiny cholesterolu se pohybovaly v rozmezi primérnych
hodnot 2,73-3,66 mmol.I"". Ve druhé poloviné snasky (od 6. mésice) byla hladina cholesterolu vysoka — primérné hodnoty
se pohybovaly v rozmezi od 5.45 do 6.18 mmol.I™'. Zmény hladin cholesterolu v krevni plazmé slepic ddvame do souvislosti
s intenzitou snadky.

Klicovi slova: slepice; krevni plazma; cholesterol
UvoD mickém vySetfeni zvifete. VEétSina udaju o cholestero-
Iémii v krevni plazmé dribeZe pochdzi z védeckych

Hladina cholesterolu v krevni plazmé je jednim  sdé&leni zabyvajicich se drovni metabolického profilu
z vyznamnych diagnostickych ukazateli pfi bioche- u jednotlivych druht a vékovych kategorii dribeze.
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Sledovanim cholesterolu v krvi slepic se zabyvala fada
autord. Za vyznamné lze povaZoval zejména price
autort Furuse et al. (1990), Poyraz (1988) a Salageanu
(1989). VétSina autort uvadi pramérné hodnoty krev-
niho cholesterolu v rozmezi od 1,93 do 3,43 mmol.I™!
s tendenci vzrastu hladiny cholesterolu v prabéhu
snasky (Salageanu, 1989). Na obdobné zmény v dyna-
mice cholesterolu v prib&hu snasky upozoriiuje i Poy-
raz (1988), ktery stanovil v krevnim séru slepic ve
sna§kovém obdobi primérnou hodnotu cholesterolu
121,31 mg/100 ml (3,14 mmol.l"'). Z nasich autort se
vztahem mezi urovni hladiny cholesterolu v krevni
plazmé slepic a vejcich zabyvali Suchy el al. (1995).
Uvadéji, ze hladina individualnich hodnot cholesterolu
v krevni plazmé 60 vySetfenych slepic se pohybovala
v pomérné Sirokém rozmezi — od 3.55 do 10.25
mmol.I7".

Z literarnich ddaji vyplyva, Ze je tfeba upfesnit
a doplnit stavajici poznatky o dynamice hladiny cho-
lesterolu v krevni plazmé slepic v kratkych Casovych
intervalech v prabéhu celého snaskového obdobi a dile
provéfit, zda intenzita snaSky muZe ovlivnit i molarni
koncentraci cholesterolu v krevni plazmé slepic v pri-
béhu snaskového obdobi.

MATERIAL A METODY

Cilem price bylo sledovat dynamiku hladiny choles-
terolu v krevni plazmé slepic v prib&hu snaskového
obdobi od méiifc ledna do fijna. Za timto ucelem bylo
vybrano 30 klinicky zdravych slepic Moravia BSL, kte-
rym byla v prib&hu snasky v jednomésicnich interva-
lech odebirdana krev. Slepice byly chovany v klecové
technologii v experimentalni stdji Ustavu vyZivy, di-
etetiky a hygieny vegetabilii VFU v Brné.

Mikroklimatické parametry pokusné stdje byly: pru-
mérnd denni teplota vzduchu 13-18 °C, primérna rela-
tivni vlhkost vzduchu 70-75 %, svételny reZim ve véku
24 tydna 10 hodin, 27 tydnd 11 hodin, 29 tydni 12 ho-
din, 31 tydnt 13 hodin a od 42. tydne 14 hodin.

Krmeni bylo zaji§téno kompletni krmnou smési pro
uzitkové nosnice s obsahem Zivin ve 100% suSiné: NL
162,5 g.kg™', tuk 52.4 g.kg™', vidknina 31,7 g.kg™'. Ca
46,3 gkg', P 10,4 gkg™', Mg 5,6 g.kg™!, popel
160,2 g.k,g_I a s minimalnim obsahem deklarované
ME = 10,5 MJ.kg_I krmné smési. Tato smés byla zkr-
movana po celé obdobi sledovini, ¢imZ jsme vyloudili
vliv krmiva na kolisani hladiny cholesterolu v krevni
plazmé slepic.

Krev pro laboratorni déely byla odebirina punkci
vena basilica a stabilizovana heparinem.

Soucasti laboratorniho zpracovani odebrané krve
bylo z hlediska prabézného objektivniho posouzeni
zdravotniho stavu slepic provedeno i zdkladni hemato-
logické a biochemické vySetieni. ProtoZe sledované he-
matologické i biochemické ukazatele se pohybovaly ve
fyziologickych mezich a jejich sledovani nebylo cilem
této price, uvadime pouze hladiny cholesterolu. Cho-
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lesterol byl stanoven v krevni plazmé fotometricky po-
moci komerc¢né vyrabénych testacnich souprav Bio-La-
chema-Test. Bylo provedeno 10 vySetieni na 30 slepi-
cich. Celkem bylo ziskidno 300 ddaji o moldrni
koncentraci cholesterolu v krevni plazmé slepic v pri-
béhu snaskového obdobi.

Statistické zpracovani bylo provedeno metodou pod-
le autorti Vencikov a Vencikov (1977). Z jednotlivych
statistickych ukazateli byly vypocitany: aritmeticky
pramér (x), smérodatné odchylka (s,-1), stiedni chyba
aritmetického praméru (s3) a variaCni koeficient (v).
Pro posouzeni prikaznosti rozdild mezi pramérnymi
hodnotami bylo pouZito Studentova testu s pravdépo-
dobnosti P £ 0,05a P <0,01.

VYSLEDKY

Vysledky sledovéni cholesterolémie byly ziskdny od
klinicky zdravych slepic, které byly umistény individu-
alné v klecové technologii a u kterych byl pribézné na
zdkladé klinického, hematologického a biochemického
vySetfeni sledovan jejich zdravotni stav. Slepice byly
choviny za standardnich mikroklimatickych podminek
a pii konstantni drovni vyZivy.

Primérna hladina cholesterolu v krevni plazmé sle-
pic za celé obdobi snasky byla 4,51 mmol.I™" s rozme-
zim individualnich hodnot od 1,24 do 10,92 mmol.I™".
Dynamika pramérnych hodnot hladin cholesterolu
v krevni plazmé slepic se v pribéhu snaskového obdo-
bi pohybovala v rozmezi od 2,73 do 6,18 mmol.I™".

Z pramérnych hodnot stanovenych pfi vySetieni sle-
pic v jednotlivych mésicich snasky (tab. I) je zfejmé,
Ze je rozdilna droveii cholesterolémie v prvni poloviné
snasky, tj. od 1. do 5. mésice, a v druhé poloving snas-
Ky, tj. od 6. do 10. mésice, s dramatickym zvratem mezi
5. a 7. mésicem snasky.

V prvé poloviné snasky kolisaly primérné hladiny
cholesterolu v krevni plazmé od 2,73 do 3,66 mmol.I7!,
Nejniz§i pramérna hodnota cholesterolu 2,73 mmol.I”!
byla zjiSténa v 1. mésici snasky, ve 2. mésici nastal
statisticky vysoce priikazny (P < 0,01) vzestup na 3,57
mmolL.I"!, ve 3. mésici snasky byl zachycen neprikazny
pokles na primérnou hodnotu 3,07 mmol.I"!, ve 4. mé-
sici snaSky prikazny vzestup (P < 0,05) na 3,66
mmol.I"" s naslednym statisticky prikaznym (P < 0.05)
poklesem na 3,13 mmol.I”! v 5. mésici snasky. Dyna-
micky vzestup cholesterolémie byl zaznamendn od
5. mésice sndsky, kdy pramérnd hladina cholesterolu
vysoce pritkazné vzrostla (P < 0,01) z 3.13 mmol.I™!
v 5. mésici na 5.45 mmol.I”' v 6. mésici snisky a dale
bylo zaznamendno prikazné zvySeni (P < 0,05) aZ na
6,18 mmol.1"! v 7. mésici snasky, kdy byla dosazena
nejvyssi pramérna hladina cholesterolu v krevni plaz-
mé slepic za celé snaSkové obdobi. V nésledujicim ob-

dobi byl zaznamendn neprikazny pokles na
5,69 mmol.I”" v 8. mésici snasky. V dalSich mésicich

kolisaly pramérné hladiny cholesterolu jen minimalné.
a to v 9. mésici byla primérna hladina cholesterolu
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1. Pramérné hladiny cholesterolu v krevni plazmé slepic v jednotli-
vych mésicich snasky — Average cholesterol concentrations in the
blood plasma of hens in the separate months of laying

Meésic! n x si 55 v P
L: 30 273 0,595 0.109 21,80
2. 30 357 0,836 0,153 23,43 *&
3 30 3.07 1,125 0.205 36,64
4. 30 3.66 0,804 0,147 21,96 »
8 30 313 1.045 0,191 33,38 ®
6. 30 5.45 1,615 0,295 29,64 e
75 30 6.18 2.004 0.366 3243 %
8. 30 5.69 1,688 0308 | 29.67,
9. 30 5.76 1,974 0.360 34,27
10. 30 5,80 2,251 0411 38.82

* P <005 ** P<0,01

'month

5,76 mmol.l™" a v poslednim sledovaném 10. mésici
snagky 5.80 mmol.I™.

DISKUSE

Celkova pramérna hodnota hladiny cholesterolu
v krevni plazmé slepic 4,51 mmol.1™! je téméi shodna
s vysledky autora Poyraz (1988), ktery stanovil hodno-
tu 121,31 mg/100 ml, §j. 3,14 mmol.1"",

Za vyznamné z hlediska posouzeni dynamiky hladi-
ny cholesterolu v krevni plazmé slepic lze pokladat
zjisténi, Ze v prubéhu snasky dochazi k charakteristic-
kym zméndm v trovni cholesterolémie.

Na obdobné zmény v hodnotich cholesterolu, jako
jsme zjistili v na§em sledovani, upozoriuji i Furuse et
al. (1990), Poyraz (1988) a Salageanu (1989), ktefi
rovnéZz uvadéji vyraznou tendenci vzristu hladiny cho-
lesterolu v pribéhu snasky.

Pii vys§i intenzité snasky se tedy déd piedpokladat
i vy§8i mnoZzstvi uloZeného cholesterolu ve vyproduko-
vané hmoté& Zloutku, coZ se miZe projevit i niZ§imi hla-
dinami cholesterolu v plazmé slepic.

Naopak pii niZsi intenzité snasky se ve vyproduko-
vanych vejcich uklada i méné cholesterolu, coz mize
byt i jednou z pficin zvySené hladiny plazmatického
cholesterolu. Tento predpoklad potvrzuje i mési¢ni in-
tenzita snasky, kterd byla nejvyssi ve 3. mésici (90,08 %),
4. mésici (89,70 %) a 5. mésici (88,78 %). Od 6. do 10.
mésice snasky byl jiZ pozorovan vyrazny pokles inten-
zity snasky, a to na 83,17 % (6. mésic), 81,96 %
(7. mésic), 77,14 % (8. mésic), 72,00 % (9. mésic)
a 67,92 % (10. mésic). Vysledky sledovini intenzity
snasky koresponduji s vysledky cholesterolémie
v krevni plazmé slepic. Tuto myslenku potvrzuji i za-
véry price autort Suchy ef al. (1995), ktel'i uvadéji, ze
vyluCovani cholesterolu do Zloutku je fizeno aktivnim
geneticky limitovanym transportem. Proto ani tito auto-
fi neprokazali korelacni vztah mezi koncentraci choles-
terolu v krevni plazmé slepic a ve vaje¢ném Zloutku.
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VPLYV SKRMOVANIA MLIECNYCH FERMENTOVANYCH
PRODUKTOV NA SPOTREBU ZIVIN U TELIAT DO VEKU
90 DNI

THE EFFECT OF FEEDING LACTIC FERMENTED PRODUCTS
ON NUTRIENT CONSUMPTION IN CALVES UNTIL 90 DAYS OF AGE

M. Svetlanské', A. Sommer', P: Petrikovié', V. Boros’

'Research Institute of Animal Production, Nitra, Slovak Republic
2Dairy Industry Research Institute, Zilina, Slovak Republic

ABSTRACT: A feeding trial was conducted on calves of Black-Pied breed managed under an individual housing and feeding
system between 12 and 90 days of age; the calves that received lactic culture in powder form containing more than 10° of
active microflora of the bacteria Bifidobacterium and Lactobacillus showed the average daily weight gain of 0.746 kg (+ 5.4%)
while the weight gain of control group of calves was 0.708 kg. The average values of differences in daily weight gains of
calves determined over the whole period were nonsignificant. The calf health was not negatively influenced by the tested
product. The calves of experimental group had higher consumption of supplemental feed mixture (55.78 kg + 19%) and alfalfa
hay (70.24 kg + 24%) than the calves of control group (P < 0.001), 46.70 kg, 56.74 kg. The product applications influenced
(P <0.001) the consumption of dry matter, crude protein, fiber, NEL, Ca and P in weekly intervals while the largest differences
between the groups of calves were determined between 29th and 77th day of calf age. The differences of the nutrient
conversion per | kg of weight gain were not significant over the experimental period. The consumption in the calves of
experimental group was 655 g of crude protein, 330 g PDI and 22.43 MJ NEL per | kg weight gain. The respective values
in the calves of control group were lower: 596 g of proteins, 303 g PDI and 21.35 MJ NEL per | kg of weight gain.

Key words: calves; bifidobacteria; lactobacilli; feed consumption; dry matter; crude protein; fiber; NEL

ABSTRAKT: V individudlnom kimnom pokuse v obdobi 12. az 90. dita veku sme u teliat iernostrakatého plemena sledovali
vplyv skrmovania mlie¢neho fermentovaného produktu, ktory v suchom stave obsahoval viac ako 10 aktivnej mikroflory baktérii
rodov Bifidobacterium a Lactobacillus. Telata pokusnej skupiny (n = 11) dosiahli za celé sledované obdobie priemerny denny
prirastok Zivej hmotnosti 0,746 kg (+ 5,4 %) a kontrolnej skupiny (n = 11) 0,708 kg. U teliat pokusnej skupiny sme zistili
vysSiu spotrebu doplnkovej kimnej zmesi (55,78 kg + 19 %) a lucernového sena (70,24 kg + 24 %) oproti telatim kontrolnej
skupiny (P < 0,001) — 46,70 kg, 56,74 kg. Skrmovanie preparétu ovplyvnilo (P < 0,001) spotrebu sufiny, N-litok, vlikniny, NEL,
Ca a P v tyzdiiovych intervaloch, ked najviicSie rozdiely medzi skupinami teliat boli v obdobi 29. aZ 77. diia veku teliat.

Klicové slova: telatd; bifidobaktérie; laktobacily; spotreba krmiv; susina; N-latky; vldknina; NEL

UvoD dobie adaptécie prechodu z mlie¢nej vyZivy a slezové-

ho travenia na rastlinni vyZivu a bachorové travenie.

Profylakticky a terapeuticky ucinok bifidobaktérii
a laktobacilov sa odvija od ich schopnosti adherovat
k intestindlnemu povrchu a osidlovat zazivaci trakt mla-
dat hospodarskych zvierat a takto sutaZit o priestor
a Ziviny s ostatnou mikroflérou. Tieto kmene mikroor-
ganizmov tvoria prirodzenu sucast ¢revnej mikroflory
cicavcov a prostrednictvom vytvorenych metabolitov sa
vyrazne podielaji na potlacani neZiaducej mikroflory
v zaZivacom trakte. V praktickom kfmeni to umoZiiuje
zefektivnit vyuZitie Zivin v obdobi, ked postnatalny vy-
voj teliat z nutri¢ného hladiska predstavuje kritické ob-
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Podla autorov Burgstaller et al. (1984), Kirchgessner
(1987), Svozil et al. (1987), Roth et al. (1992), Wallace,
Newbold (1992) a Kampf, Flachowsky (1997) mliecne
fermentované produkty zvy$uju prirastky Zivej hmotnosti,
zlepSuji konverziu Zivin krmiva a uplatiiujui sa na preven-
ciu hnakovych ochoreni teliat (Bomba ez al., 1996 a ini).

Cielom préace bolo sledovat spotrebu Zivin u teliat
do veku 90 dni pri skrmovani mlie¢neho fermentova-
ného produktu v suchom stave s obsahom viac ako
lOﬁ.g'l aktivnej mikrofléry baktérii rodov Bifidobacte-
rium a Lactobacillus.
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MATERIAL A METODA

Do kimneho pokusu (VUZV Nitra) sme zaradili 22 te-
liat Ciernostrakatého plemena v druhom tyzdni po na-
rodeni (12 £ 5 dni). Telatd sme ustajnili individudlne
v biadach a rozdelili do dvoch skupin (pokusna — P,
kontrolna — K) podla Zivej hmotnosti, veku a pohlavia.
Obidve skupiny zvierat sme napdjali mlie¢nou kfmnou
zmesou MKZ (povodna suSina 949 g) tohto zloZenia
(na kg suSiny): NL 213 g, tuk 37 g, PDI 94 g, NEL
9 MIJ, bielkoviny 196 g, Skrob 86 g, celkové cukry
156 g, Ca 5,2 g, P 8.5 g s tym, Ze pokusnym telatim
sme pridavali mlie¢ny fermentovany produkt MFP (su-
Sina 930 g) tohto zloZenia (na kg suSiny): NL 350 g,
tuk 3 g, PDI 107 g, NEL 9 MJ, bielkoviny 337 g, §krob
74 g, celkové cukry 316 g, Ca 11 g, P 7 g v davkach
odporucenych podla VUM Zilina, kde 100 ¢ MFP na-
hradzalo | liter MKZ. MnoZstvo napoja u oboch skupin
teliat bolo rovnaké. Riedenie MFP a MKZ bolo | : 9.
Telatd sme napdjali trikrat denne. Od 14. do 56. diia
veku dostéavali 8 litrov ndpoja, od 57. do 70. diia 6 1 a od
71. dfa 5 |. Odstav od tekutej vyzivy bol v 12. tyzdni
veku teliat (78-84 dni). Metodicky sme zvolili ,tradi¢-
ny* odchov teliat, aby sa prejavil vplyv pouZitia testo-

vaného pripravku v ¢o najdlh§om ¢asovom obdobi. Lu-
cernové seno (suSina 872 g; na kg suSiny: NL 197 g,
PDI 96 g, vlaknina 336 g, NEL 5 MIJ) a doplnkovi
kfmnu zmes na odchov a vykrm teliat TKS (susina 871 g;
na kg susiny: NL 189 g, PDI 124 g, vldknina 87 g, NEL
7 MJ) sme podavali obom skupinam ad libitum. Spot-
rebu krmiv a Zivin sme sledovali individudlne denne
u kazdého zvierata a prirastky Zivej hmotnosti v dvoj-
tyzdinovych intervaloch. Priemerné vzorky krmiv sme
analyzovali podla STN 46 7092 Analytické metody
skaSania krmiv, Ca na AA spektrofotometri (Unicam
939). P fotometricky (Spekol 11) raz mesacne. Na zd-
klade ziskanych ddajov obsahu Zivin v sledovanych kr-
mivich sme urobili prepoéty vyZivnej hodnoty krmiv
(Sommer et al., 1994). Pokus sme ukoncili v 90. dni
veku teliat. Na spracovanie §tatistickych charakteristik
sme pouZili PC-program Microsoft Excel 7.

VYSLEDKY A DISKUSIA
Za obdobie 12. az 90. diia veku dosiahla pokusna

skupina teliat pri skrmovani mlie¢neho fermentované-
ho produktu priemerny denny prirastok Zivej hmotnosti

I, Priemerny prijem susiny
v gramoch za sledované ob-
dobie (kus a deil) — Average
uptake of dry matter in grams
over the experimental period
(head and day)

For Figs. |-5: kontrola = con-
trol, pokus = experiment. vek
v tyZditoch = age in weeks

% 8 8 8 885888 8 8

2. Priemerny prijem N-litok
v gramoch za sledované ob-
dobie (kus a dei) - Average
uptake of proteins in grams
over the experimental period
(head and day)

vek v ty2dhoch
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vy$8i 0 5 % (P = 0,746 kg, K = 0,708 kg). Do 56. diia
veku teliat sme zistili u pokusnej skupiny priemerny
denny prirastok Zivej hmotnosti 0,605 g a od 57. do
90. diia 0,933 g (kontrolnd skupina teliat — 0,587 g, t.j.
0 3 % menej, resp. 0,889 g, t.j. 0 5 % menej). Zistené
rozdiely v priemernych dennych prirastkoch Zivej
hmotnosti teliat za obdobia nie st Statisticky preukazné
(P > 0,05) a koreSponduji s vysledkami autorov Svozil
et. al. (1987) a Skfivanova, Machatiova (1990).

Za celé obdobie pokusu sme u teliat nezaznamenali
ani jeden dhyn. Telatd pokusnej aj kontrolnej skupiny
boli zdravé, bez zjavnych klinickych priznakov. Vy-
sledky su zrovnatelné s ddajmi uvadzanymi pri aplika-
cii mikrobiédlnych kultir vo vyZive teliat (Burgstaller et
al., 1984; Kirchgessner, 1987 a ini).

Telata pokusnej skupiny spotrebovali viac (P < 0,001)
TKS - 55,78 kg (+ 9 kg, resp. + 19 %) a lucernového
sena - 70,24 kg (+ 14 kg, resp. + 24 %) ako telatd
kontrolnej skupiny. Skrmovanie suSenej mlienej kul-
tiry bifidobaktérii ovplyvnilo prijem krmiv, &o je v si-
lade s vysledkami autorov Czister et al. (1997), ktori
zistili Statisticky preukazne (P < 0,05) vys§i prijem jad-
rového krmiva (okrem 6. tyZdiia veku) a sena pri expe-
rimentdlnom poddvani mikrobidlnych kultar.

Na obr. | aZ 4 uvadzame priemerny prijem suSiny,
N-latok, vldkniny a energie u teliat za sledované obdo-
bie v tyzdennych intervaloch. Statisticky vysoko pre-
ukazné rozdiely (P < 0,001) sme zaznamenali v obdobi
medzi 29. az 77. diiom veku teliat, ked telatd pokusnej
skupiny spotrebovali o 200 aZ 400 g viac sufiny ako
telata kontrolnej skupiny. V priemere za celé sledované
obdobie telatd pokusnej skupiny spotrebovali 2 079 g
suSiny a telata kontrolnej skupiny 1 858 g. Rozdiel bol
Statisticky preukazny (P < 0,05). Pri sledovani prijmu
N-latok v tyZdennych intervaloch sme zaznamenali $ta-
tisticky preukazné rozdiely (P < 0,001) medzi skupina-
mi teliat vo vSetkych tyZdiioch (okrem prvého a po-
sledného tyZdiia sledovania). Telatd pokusnej skupiny
prijali viac N-ldtok ako telatd kontrolnej skupiny.
V priemere za celé sledované obdobie spotrebovali te-
latd pokusnej skupiny 475 g N-14tok a telatd kontrolnej
skupiny 415 g. Podobnii tendenciu sme zistili aj v spo-
trebe vldkniny (obr. 3). V priemere za celé sledované
obdobie prijali telatd pokusnej skupiny o 64 g vlakniny
viac ako telatd kontrolnej skupiny. Rozdiel bol Statis-
ticky vyznamny (P < 0,05). V prijme NEL bol medzi
29. aZ 84. difom veku teliat Statisticky vyznamny rozdiel
(P < 0,001, resp. P < 0,05) medzi skupinami teliat.

3. Priemerny prijem vldkniny
v gramoch za sledované ob-
dobie (kus a defl) - Average
uptake of fiber in grams over
the experimental period (head
and day)

vok v tftdtach

4, Priemerny prijem NEL v MJ
za sledované obdobie (kus a
deit) ~ Average uptake of NEL
in MJ over the experimental
period (head and day)

vak v Iytdfoch
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5. Priemerny prijem Ca a P
v gramoch za sledované ob-
dobie (kus a den) - Average
uptake of Ca and P in grams
over the experimental period
(head and day)

1% P T YL L L S O Ca kortrols
— Sk o 4t oCa patun
<~ G icntrola.
10 * ~a= *Ppolan
5
0
2 3 “ s [} 7 ] ° 10 " 12 )
ek v tytdhoch

1. Statistické spracovanie priemerného prijmu Zivin v tyZdfiovych intervaloch - Statistical processing of data on average nutrient uptake in

weekly intervals

Vek (defi)! | Sugina® | N-litky? | Vldknina®| Organickd hmota® | NEL PDIN | Skrob® | Cukry’ Ca p
8.-14. - - - - - - - - - -
15.-21. - + - - - + - +++ - +
22.-28. - ++ + + - ++ - i+ ++ -
29.-35. +++ +++ ++ +++ +4+ +++ +++ +++ +++ +++
36.-42. ++ +++ ++ ++ + +++ - +++ +++ -
43.-49. bt ++ +4++ EEES 4 ot ot et et +++
50.-56. +++ +++ +++ +++ +++ 4+ +++ H++ ++4 +4+
57.-63. +++ +++ +4+ +++ +4+ 4+ +++ +++ +++ ++t+
64.-70. +++ +++ ++ +++ +++ +++ +++ +++ +4+ +4+
71.-717. +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
78.-84. + + - + + - +++ +++ + -
85.-90. - - + - - - + - - -

Statistickd preukaznost — Statistical significance: + P < 0.05: ++ P < 0.01: +++ P < 0.001

2 3 . 5 .
'ugu (day). “dry matter, “proteins. *fiber. “organic matter, “starch, 7sugars

Telata pokusnej skupiny prijali v tomto obdobi o 1,24 az
2,64 MJ viac NEL ako telata kontrolnej skupiny. V prie-
mere za sledované obdobie prijali telata pokusnej sku-
piny 16,05 MJ NEL a telatd kontrolnej skupiny 14,64 MJ
NEL. Rozdiel bol Statisticky vyznamny (P < 0,05). Pri
sledovani priemerného prijmu vapnika (obr. 5) sme zis-
tili Statisticky vyznamné rozdiely medzi telatami oboch
skupin (P < 0,001) v obdobi medzi 22. aZ 77. dilom veku
a u fosforu v obdobi 29. az 77. dna veku teliat. Telatd
pokusnej skupiny prijali za celé obdobie v priemere 23 g
Caa 13 g P a telatd kontrolnej skupiny 19 gCaa 12 g P.

Skrmovanie suSenej mlieCnej kultiry bifidobaktérii
Statisticky preukazne (P < 0,001) ovplyvnilo spotrebu
Zivin v tyZdiiovych intervaloch, ked najvacSie rozdiely
medzi skupinami teliat boli v obdobi 29. az 77. diia
veku (tab. I). Uinok mliegneho fermentovaného pro-
duktu sa prejavil v spotrebe Zivin aZ po dvoch tyzdioch
jeho skrmovania.
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Pri prepocte spotreby Zivin na | kg prirastku Zivej
hmotnosti sme zistili Statisticky nepreukazné (P > 0,05)
rozdiely medzi skupinami teliat. Pokusna skupina spo-
trebovala na | kg prirastku Z.h. 655 g N-litok, 330 g
PDI a 22,43 MI NEL, zatial ¢o kontrolnd skupina teliat
596 g N-latok, 303 ¢ PDI a 21,35 MJ NEL. Rozdiel
medzi porovnavanymi skupinami bol v spotrebe N-la-
tok 9,9 %, v PDI 8,3 % a v NEL 5,1 %.

Skrmovanie mlie¢neho koncentratu v suchom stave
s obsahom viac ako 10° aktivnej mikroflory baktérii
rodov Bifidobacterium a Lactobacillus u teliat do veku
90 dni pozitivne ovplyvnilo prirastky Zivej hmotnosti
teliat 0 S %. Vyrazne zvysilo spotrebu najmii objemo-
vych krmiv, ked do 56. dia veku teliat sa prijem lucer-
nového sena zvysil 0 33 % a za celé sledované obdobie
0 24 %, ¢o ma vplyv na rychleji rozvoj predzalidkov
a pozitivny vplyv na vyvoj a vyvin teliat. Telata sa tak-
to rychlejSie pripravia na zvySeny prijem objemovych
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krmiv, ¢o sa pozitivne prejavi v neskor§om obdobi ich
vykrmu.
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THE EFFECT OF TARGETED COMBINATION
OF ADDITIVES TO PRESTARTER ON NUTRITION
PARAMETERS AND PERFORMANCE OF PIGLETS"

VLIV CILENE KOMBINACE ADITIV V PRESTARTERU NA NUTRICNI
UKAZATELE A UZITKOVOST SELAT

V. Prokop], J. Hegerz, M. Kumprechtz, L. Klapill

'Research Institute of Animal Nutrition, s.r.o., Pohorelice, Czech Republic
2BIOFAKTORY Praha, spol. s r.o., Prague, Czech Republic

ABSTRACT: A comparative breeding and feeding trial was conducted on 235 piglets from 24 litters to study the effect of
the combination of olaquindox additives, Enterococcus faecium Cernelle 68 probiotic, xylanase and protease enzymes (group
and prestarter 3), olaquindox supplement only (group and prestarter 2) and control without additives (group and prestarter
1), on some breeding and nutrition parameters. The trial lasted from piglet birth to 56 days of age, piglets were weighed at
birth, weaning and 56 days of age. Prestarters were used until 40 days of age, a single starter between 41 and 56 days of age.
All feeds were in granular form.The highest live weight gain by 7-10% was determined in piglets of groups 2 and 3 in the
period from birth to 56 days of age. The lowest mortality of piglets was recorded in group 3 (4.3% only), but it was
significantly higher in groups | and 2 (10% and 14.5%, resp.). Prestarter consumption until weaning was significantly highest
in piglets of group 3, total prestarter consumption was obviously higher in groups 2-and 3 than in group |. Feed conversion
from weaning to 56 days of age was better by 16% and 15%, respectively, in piglets of group 3 than in piglets of groups |
and 2. Apparent digestibility of nutrients and amino acids LYS, THR, MET, CYS, and N balance of prestarters | and 3 in
two balance periods were determined in a metabolic trial on nine piglets. All experimental parameters were higher in prestarter
3: digestibility of proteins by 3%, amino acids by 3-5% (P < 0.01), fiber by 17% (P < 0.01), N utilization from N uptake
by 10% (P < 0.01), and protein deposition per piglet/day by 9% (P < 0.01).

Keywords: piglets; prestarter; growth stimulator; probiotic; enzymes; growth; feed conversion; nutrient digestibility; N ba-
lance y

@
ABSTRAKT: Ve srovndvacim chovatelsko-krmném pokusu s 235 selaty z 24 vrhi byl sledovin vliv kombinace aditiv
olachindoxu. probiotika Enterococcus faecium Cernelle 68, enzymu xylandzy a protedzy (skupina a prestartér 3), dopliiku
pouze olachindoxu (skupina a prestartér 2) a kontroly bez aditiv (skupina a prestartér 1) na nékteré chovatelské a nutri¢ni
ukazatele. Pokus probihal od narozeni selat do 56. dne véku. Selata byla vdZena pfi narozeni, pfi odstavu a v 56. dni v&ku.
Prestartéry byly zkrmovény do 40. dne véku, jednotny startér od 41. do 56. dne véku. VSechny smési byly granuloviny.
Nejvyssiho pfiristku Zivé hmotnosti bylo dosaZeno u selat skupin 2 a 3, a to od narozeni do 56. dne véku o 7-10 %. NejniZsi
thyn selat byl evidovan ve skupiné 3 (pouze 4,3 %), ve skupinach | a 2 byl vyznamné vyssi (10 %, resp. 14,5 %). Spoticba
prestartéru do odstavu byla vyznamné nejvyssi u selat skupiny 3, celkovd spotieba prestartéru byla ve skupindch 2 a 3 zfetelné
vy$si neZ ve skupiné 1. Konverze smési od odstavu do 56. dne véku byla u selat skupiny 3 o 16 %, resp. 15 % lepsi nez
u selat skupiny 1, resp. skupiny 2. V bilan¢nim pokusu s 9 selaty byla stanovena zdénliva stravitelnost Zivin a aminokyselin
LYS, THR, MET, CYS a bilance dusiku prestartérii | a 3 ve dvou bilanénich obdobich. Viechny sledované ukazatele byly
vy$8i u prestartéru 3 — stravitelnost dusiku o 3 %, aminokyselin o 3-5 % (P < 0,01), vldkniny 0 17 % (P < 0.01). vyuZiti
dusiku z pfijatého dusiku o 10 % (P < 0,01) a ukladani N-litek na sele a den 0 9 % (P < 0,01).

Klicova slova: selata; prestartér; stimuldtor rastu; probiotikum; enzymy; rist; konverze smési; stravitelnost Zivin; bilance
dusiku

* This study was supported by the National Agency for Agricultural Research of the Ministry of Agriculture of CR (project No. 7015), by the
company BIOFAKTORY Praha, spol. s r.0., and by the Research Institute of Animal Nutrition. s.r.o., Pohorelice.
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INTRODUCTION

Applications of feed additives are justified particu-
larly in the young of farm animals, mainly in piglets.
Feed additives are crucial for good health, influenced
particularly by balanced microbial colonization of the
digestive tract (eubiosis), as a precondition of high per-
formance and survival. Feed additives are nutritive,
pronutritive, bioregulating, growth-stimulating and
auxiliary. As nutritive additives (minerals, trace ecle-
ments, vitamins, synthetic amino acids) are compo-
nents of the necessary nutrient complex and auxiliary
additives adjust physical properties of feeds (binders,
sorbents), pronutritive, bioregulating and growth-
-stimulating additives are currently highlighted. Since
the desirable state of cubiosis in piglets in the popula-
tion, herds and groups of these animals is accompanied
by latency periods (disturbed cubiosis manifested by
moderate health and dietetic problems) and crisis per-
iods (expressive disbalance of microbial colonization
of the digestive tract manifested by severe dietetic
problems, diarrheas, dehydration and mortality), the
combined use of additives of all the three groups is
very urgent while it is expected to produce additive or
synergetic effects.

The particular preparations of the above groups of
additives are produced by many renowned world com-
panies that usually declare separately positive effects
of their products, but for competition reasons neither
are they willing nor capable o solve the problems aris-
ing when combinations of compatible additives of dif-
ferent and targeted effects are applied. Many foreign
producers of premixes for prestarters and starters for
piglets use combinations of additives but their formu-
lations are empirical or influenced by commercial in-
terests of producers of the particular preparations.

Information on separate effects of the particular ad-
ditives is sufficient, and effects of some simple combi-
nations are also evident. Lists of compatibility are
available for most preparations. Hence it is possible to
expect that the dietetic and productive effects of pre-
starters and starters will be improved by applications
of targeted combinations of pronutritive, bioregulating
and growth-stimulating additives.

Effective additives have to be used in feed mixtures
for piglets in the present conditions of piglet produc-
tion, mainly in prestarters. Effects of the separate pro-
nutritive, growth-stimulating and bioregulating addi-
tives are generally well-known (Prokop. 1996), hence
compatible effective combinations of these additives
are searched for. Possible combinations are often dis-
cussed and partly tested (Anonymous, 1994; Zolotnits-
kaya, 1994). Literary sources dealing with this problem
are scarce, and they often refer to the theoretical exi-
stence of different combinations (Balta, 1994). Infor-
mation on a definite group of additives to be applied to
piglets has been published more frequently, as reported
by Morlacchini (1994) and Dong-Kesu-Xiao-Zhenduo
(1994) in the case of probiotics.
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A book published by Kreuzer (1994) provides more
specific information; he studied parallel effects of pro-
biotics and antibiotics on intestinal fermentation and
characteristics of the intestinal chyme while experi-
mental results were substantially influenced by the rate
of compatibility of the additives of both groups.

The objective of this study is to compare the nutri-
tive and breeding effects of prestarters applied different
additives and their targeted combination.

1. Formulations of experimental feed mixtures (%) and their nutritive
values

Ingredient REcanE Starter
| 2 3
Wheat - - - 29.0
Barley - - - -
Corn - - - 23.6
Wheat bran - - - 3.0
Hulled oats - - - 4.0
Linseed - - - 2.0
Extruded wheat 28.3 28.3 28.3 -
Extruded barley 14.1 14.1 14.1 -
Extruded corn 10.3 10.3 10.3 =
Extruded wheat bran 38 38 38 -
Extruded hulled oats 5.1 5.1 5.1 -
Extruded linseed 2.6 2.6 2.6 -
Soybean extrudate 15.0 15.0 15.0 14.0
Soybean meal - - - 5.0
Fish meal 6.0 6.0 6.0 3.0
Specilac 10 8.0 8.0 8.0 9.0
Meat-bone meal - - - 4.0
Acid pak 4 way - - - 0.2
Premix Lys HCI (50%) 0.5 0.5 0.5 0.2
Premix Met (50%) 0.2 0.2 0.2 =
Premix Thr (20%) 0.7 0.7 0.7 0.3
Calcite 1.1 1.1 L1 LS
Dicalcium phosphate 1.1 1.1 1.1 0.5
Feeding salt 0.2 0.2 0.2 0.2
Rapeseed oil 1.5 1.5 1.5 -
Aminovitan COS Special | 1.5 - - -
Aminovitan COS Special 2 - 1.5 - -
Aminovitan COS Special 3 - - 1.5 -
Aminovitan COS plus - - - 0.5
100 100 100 100
Crude protein a/kg 242 242 242 222
MEp Ml/kg 14.0 14.0 14.0 13.8
Lys a/ke 145 | 145 | 145 | 137
Thr o/kg 93 9.3 93 8.5
Met + Cys glkg 8.3 8.3 8.3 7.1
Fiber glkg 34 34 34 32
Ca gkg 9.9 9.9 9.9 9.7
P glkg 7.8 7.8 7.8 7.5
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MATERIAL AND METHODS

Twenty-four litters with 235 piglets in total were
included in a comparative breeding and feeding trial.
“The trial was conducted in three groups; Table III
shows the number of litters and piglets in the separate
groups. Group | comprised 9 litters, sows were at the
4.1th litter on average, 7 sows were LW x L crossings,
2 sows were Seghers hybrids. The sows in Group 2
were at the 6th litter on average, 7 sows were LW x L
crossings, one sow was a Seghers hybrid. Group 3
comprised 7 litters, sows were at the 5.8th litter on
average, 5 sows were LW x L crossings, 2 sows were
Seghers hybrids. The litter size in the particular groups
was from 9.5 to 10.0 piglets per litter.

11. Contents of active ingredients per | kg of Aminovitan supplements

The three experimental groups received different
contents of additives in prestarters in agreement with
the trial objective (the only difference between their
diets). Tabs. I and II show experimental treatments.
The prestarter for Group | did not contain any pronu-
tritive, bioregulating or growth-stimulating additives
(zero control), the prestarter for Group 2 contained
50 mg of olaquindox per | kg of feed while the pre-
starter for group 3 was added the same dose of olaquin-
dox as Group 2, and Enterococcus faecium 68 in form
of LBC ME-10 at a dose of 1.4 g per | kg of feed as
a bioregulator, and the enzymes xylanase (at least
5,000 units per 1 g) and protease (at least 500 units per
1 g) in form of the preparation Porzyme 8300 at a dose
of | g per 1 kg feed as pronutritive additives.

tgreibinns ks Aminovitan COS supplements

Special | Special 2 Special 3 Plus
Vitamin A i.u. 1 330 000 1 330 000 1 330 000 2 000 000
Vitamin Dy iu. 150 000 150 000 150 000 400 000
Vitamin E mg 6 670 6 670 6 670 6 000
Vitamin Ky mg 120 120 120 300
Vitamin B, mg 130 130 130 200
Vitamin B, mg 510 510 510 900
Vitamin By mg 510 510 510 400
Vitamin B, mg 33 33 33 4
Niacin mg 2670 2 670 2 670 4 000
Calcium pantothenate mg 1 000 1 000 1 000 2 000
Biotin mg 10 10 10 20
Folic acid mg 67 67 67 -
Cholin chlorid mg 33 350 33 350 33 350 80 000
Vitamin C mg 8 340 8 340 8 340 8 000
Antioxidant mg 10 000 10 000 10 000 20 000
Saccharin mg 10 000 10 000 10 000 -
Cobalt mg 43 43 43 1S
Copper mg 11130 11130 11130 27 000
Iron mg 21 350 21 350 21 350 20 700
lodine mg 75 1o 75 185
Manganese mg 4 000 4 000 4 000 9 170
Zine mg 11 700 11700 11700 23 300
Selenium mg 26 26 26 48
Magnesium mg 33 300 33 300 33 300 -
Lys HCI mg 312 500 312 500 312 500 250 000
Thr mg 107 000 107 000 107 000 -
Met mg 47 000 47 000 47 000 -
Trp ng 10 000 10 000 10 000 =
Pig flavor F mg 16 670 16 670 16 670 -
olaquindox mg - 3 300 3300 -
LBC ME 10 mg - - 93 300 -
Porzyme 8300 mg - - 66 660 -
Feeding wheat flour ad | kg ad | kg ad 1 kg ad | kg
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The trial lasted from piglet birth to 56 days of their
age. Piglets were weighed at birth, at weaning and at
56 days of age. Prestarter consumption was recorded
until weaning (31 days of age), from weaning to 40
days of age, and subsequently, starter consumption was
recorded between 41 and 56 days of age. The diets did
not differ since 41 days of age any longer, and all
groups received the same starter; its formulation is
shown in Tab. I. All feeds were granulated on a 2.5mm
matrix. The health of sows and piglets was examined
during the trial. The sows with a diagnosis of MMA
syndrome were not included in the trial.

A metabolic trial was conducted on 9 piglets-bar-
rows to study the effect of a combination of additives
(prestarter 3) on N balance and apparent digestibility
of nutrients and amino acids. Control group consisted
of 5 piglets, experimental group of 4 piglets, average
live weight of experimental piglets was 9.74 kg. Tab. I

111. Results of the comparative trial

shows feed formulations &eontrol — prestarter 1, experi-
mental diet — prestarter 3). The metabolic trial had
2 successive five-day balance periods, every experi-
mental treatment and. parameter were documented by
8-10 data. The data were processed by analysis of va-
riance.

Classical procedures on Tecator apparatuses were
used for nutrient analysis, amino acids were determined
by gradient elution column ionex chromatography on
an AAA 400 apparatus.

RESULTS AND DISCUSSION

Tabs. III and IV show the results of comparative
breeding and feeding trial. The effects of additives
were reflected in the growth of piglet live weight while
live weight gains were higher in Group 2 (olaquindox)

Characteristic Group — diet

! 2 3
Litter number 9 8 7
Number of born piglets 90 76 69
Number of weaned piglets 83 69 67
Number of piglets at 56 days of age 81 65 66
Piglet age at weaning (days) 31 31 31
Average live weight of piglets at birth (kg) 1.45 1.69 1.38
Average live weight of piglets at weaning (kg) 5.71 7.52 6.50
Average live weight of piglets 10 at 56 (kg) days of age 14.42 15.98 15.20
Total mortality (number of piglets) 9 11 3
Mortality rate (%) 10.0 14.5 43
Total weight gain from birth to 56 days (kg) 12.97 14.29 13.82
Index 100 110 107
Total weight gain from weaning to 56 days (kg) 8.71 8.46 8.70
Index 100 97 100
Average daily gain from birth to 56 days (kg) 236 260 251
Index 100 110 106
Average daily gain from birth to weaning (kg) 137 188 165
Index 100 137 120
Average daily gain from weaning to 56 days (kg) 348 338 348
Index 100 97 100

1V. Feed consumption and conversion

Characteristic Group — diet

1 2 3
Prestarter consumption per | piglet until weaning (g) 113 151 258
From weaning to 40 days of age (g) 2952 3551 3448
Starter consumption — 41st to 56th days of age (g) 10 037 8 308 7 485
Feed cc ption from ing to 56th day of age (g) 12 989 11 859 10 933
Feed conversion from weaning to 56th day of age (kg/kg) 1.524 1.510 1.278
Index 100 99 84
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V. N balance and nutrient digestibility

Group diet
Characteristic 1 (n=10) 3(n=28) index
x S5 ¥ s (K = 100)
N digestibility % 87.27 2.65 89.92 1.60 103
Fat digestibility % 88.49" 1.85 91328 1.80 103
Fiber digestibility % 64.84" 8.75 75.98% 3.27 17
Nitrogen-free extract digestibility o 93.37 0.97 94.23 0.98 101
N utilization of N uptake % 62334 2.89 68.60% 311 10
N utilization of N digested % 71.46" 3.46 76.28" 2.87 107
Protein deposition per head/day g 44.30" 1.42 48.17" 1.40 109
Feed conversion in metabolic trial (kg/kg) 1.06 X 101 X 95
A.B-P<00l;a.b-P<005
VI. Amino acid digestibility
Group diet
Characteristic 1 (n=10) 3 (n=8) index
¥ 55 X 55 (K = 100)
Digestibility of LYS % 89.974 0.55 92,968 0.61 103
Digestibility of THR % 85.294 0.72 88.938 0.81 104
Digestibility of MET % 85.754 0.78 89.77° 0.87 105
Digestibility of CYS % 86.077 0.60 89.458 0.68 104
A.B-P <00/

than in Group 3 (combination of additives). Different
live weights of piglets at birth could influence the dif-
ference to some extent. This can be documented by
relative growth rate (RGR); it is a value calculated
from the equation: g =y, — yo/yy - 100 (y, = weight at
a given age, y, = weight at the beginning). The respec-
tive values for groups 1, 2, 3 are 294, 345, 371 at
weaning and 894, 845 and 1001 at 56 days of age. Even
though both cases are respected, Group 3 is clearly
dominant. Piglet mortality showed significant differ-
ences. The respective mortality rates of Groups 1 and
2 were 10.0% and 14.5% while the mortality rate of
Group 3 was 4.3% only. This effect can be ascribed not
only to the growth-stimulating additive but also espe-
cially to the bioregulating additive (E. faecium).
Prestarter consumption until weaning is an impor-
tant indicator of prestarter quality, and consequently of
successful piglet production. The consumption per pig-
let was 1.34 times and 2.28 times higher in Groups 2
and 3, respectively, than in Group 1. Total prestarter
consumption per piglet until 40 days of piglet age was
by 637 g and 641 g higher in Groups 2 and 3, resp.,
than in Group I. The data document positive effects of
applied additives, particularly of their targeted combi-
nation. A compensation was observed between 41 and
56 days of age, when the single starter was used in all
groups and when starter consumption decreased in
groups 1-3 in this order. Total feed conversion from
weaning to 56 days of age was better by 15-16% in
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Group 3 due to the effect of probiotic and enzymatic
applications if compared with Groups 1 and 2.

The results of N balance and nutrient digestibility
indicate positive effects of the applied enzymes, and
also of the probiotic E. faecium; its positive effect on
cellulase activation was determined previously. It is
documented by fiber digestibility higher by 17% in the
piglets of experimental group in our trial. Protease ef-
fects are also evident, illustrated by 10% higher N utili-
zation in the piglets of experimental group. The effect
on N digestibility was not high (by 3% higher in the
experimental group), similarly like the digestibility of
the main amino acids (LYS, THR, MET, CYS) was
higher by 3-5% in the experimental group. Tabs. V and
VI show the results of metabolic trial.
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THE EFFICACY OF DIETARY SUPPLEMENTS

OF BENTONITE AND SULPHUR PLUS MOLYBDENUM
TO ALLEVIATE CHRONIC COPPER TOXICITY IN SHEEP
FED PALM KERNEL CAKE

VPLYV PRIDAVKOV BENTONITU, SIRY A MOLYBDENU DO KRMIVA
NA ZNIZENIE CHRONICKEJ TOXICITY MEDOU U OVIEC KRMENYCH
PALMOJADROVYMI VYLISKAMI

M. Ivan*, M. Rusihan, A. R. Alimon, M. Hair-Bejo, Z. A. Jelan, S. Jalaludin

Department of Animal Science, Universiti Putra Malaysia, Serdang, Selangor, Malaysia

ABSTRACT: Malin-Dorset crossbred sheep of approximately 16 kg live weight were used to study the effects of dietary
supplements of bentonite (16 g/kg dry matter — DM) (treatment BE), sulphur (600 mg/kg DM) plus molybdenum (23 mg/kg
DM) (treatment SM), and the combination of bentonite and sulphur plus molybdenum (treatment BE+SM) on the hepatic and
kidney concentrations of copper and iron in sheep fed a palm kernel cake (PKC) — based control diet (CD). Treatments CD,
BE and SM were assigned five sheep each, whereas treatment BE+SM was assigned four sheep. The sheep were fed the
assigned PKC diet plus 10% grass on a DM basis. After 26 weeks on the experiment the surviving sheep were killed and the
liver and kidney removed for chemical analysis. The bentonite supplement decreased (P < 0.01) the hepatic and kidney copper
concentration, but did not prevent mortality due to high copper in PKC. The supplement of sulphur plus molybdenum
decreased (P < 0.001) the hepatic copper and iron concentrations to normal levels. and none of the shecp showed signs of
copper or molybdenum toxicity. The combination of bentonite and sulphur plus molybdenum supplements produced an
interaction (P < 0.05) which appeared to lower the efficacy of the sulphur plus molybdenum supplement to decrease the
hepatic copper concentration. The results showed that sulphur plus molybdenum supplements can be used to prevent copper
poisoning and detrimental effects of high iron in sheep fed high levels of PKC.

Keywords: sheep; bentonite; sulphur; molybdenum; copper poisoning: liver; kidney

ABSTRAKT: V pokuse zameranom na §tidium vplyvu pridavkov bentonitu (16 g/kg suchej hmoty. BE). siry (600 mg/kg
suchej hmoty) a molybdénu (23 mg/kg suchej hmoty, MM) a v kombindcii bentonitu spolu so sirou a molybdénom (BE+MM)
na koncentriciu medi a Zeleza v peceni a oblickdch boli pouZzité 16kg ovce (kriZenci plemien malin x dorset) kimené
zikladnou kontrolnou diétou, ktord obsahovala hlavne palmojadrové vylisky (KD). V kontrolnej a v pokusnych skupindch
s bentonitom a so sirou spolu s molybdénom bolo v kaZdej skupine 5 oviec. V pokusnej skupine s pridavkom bentonitu a siry
s molybdénom boli 4 ovce. Ovce boli kimené zikladnou diétou (KD) spolu s pridavkom 10 % trivy. Po 26 tyZdiioch trvania
pokusu boli zvieratd, ktoré preZili, odporazené a pecei a obli¢ky boli vybraté pre chemické analyzy. Pridavok bentonitu zniZil
(P < 0,01) koncentriciu medi v oblickach a v peceni, ale nezniZil mortalitu spdsobent vysokou koncentriciou medi v pal-
mojadrovych vyliskoch. Pridavok siry s molybdénom (P < 0.001) zniZil koncentriciu medi a Zeleza v peeni na normilne
hladiny a Ziadna z oviec nevykazovala toxicitu spésobenti medou alebo molybdénom. Kombindcia bentonitu a siry s molyb-
dénom spdsobila zniZenie ofakavaného vplyvu (P < 0.05) medi a molybdénu na koncentriciu medi v peceni. Vysledky
ukazuju, Ze pridavky siry spolu s molybdénom mé6Zzu byt pouzité ako prevencia proti otrave medou a neZiadicemu vplyvu
zvySenej hladiny Zeleza pri skrmovani diét s vysokym obsahom palmojadrovych vyliskov.

Klticové slovi: ovee; bentonit: sira; molybdén; otrava medou; pedeii; obli¢ky

* Present Address: Lethbridge Research Centre, Agriculture and Agri-Food Canada, P.O. Box 3000. Lethbridge. Alberta, Canada T1J 4B1
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INTRODUCTION

Palm kernel cake (PKC) is a by-product of extrac-
tion of oil from the kernel of the palm fruit. Malaysia
is the world’s largest producer of palm oil and, conse-
quently, of PKC which is a potentially useful feed for
ruminants (Jalaludin, 1995). The product is largely ex-
ported, mainly to the Netherlands and Germany for use
in dairy and beef cattle diets. The PKC with its content
of 14 to 16% crude protein and 9.5 to 10.5 MJ/kg
metabolizable energy is the only feedstuff for rumi-
nants produced in sufficient quantities within Malaysia
that is available for use in diets for dairy cattle and
feedlot beef cattle. The use of PKC in diets for sheep
is restricted to a maximum of 50% of the dietary dry
matter (DM). This is due to high contents of copper
(Cu) in PKC (11 to 55 mg/kg DM; Rahman et al.,
1989; Jalaludin et al., 1991) and the relatively high
sensitivity of sheep in comparison with cattle to high
dietary Cu (Underwood, 1966). Dietary inclusions of
over 50% PKC may result in chronic Cu toxicity of
sheep as early as 4 to 6 weeks thereafter (Rahman et al.,
1989; Hair-Bejo, Alimon, 1992). However, in spite of the
restriction of the amount of PKC in the diet to only 50%
of DM, the sheep fed such diets may accumulate Cu in
the liver to concentrations of over 800 mg/kg DM and
develop hypercuprosis and stress induced haemolytic
crisis (Bostwick, 1982). Such a problem is the main
obstacle in efforts to develop an efficient PKC-based
feeding system for the modern sheep production indus-
try within Malaysia. Although cattle, buffaloes and
goats are relatively resistant to toxic effects of Cu in
PKC the hepatic Cu contents in these animals when fed
PKC were found to be increased significantly (Hair-
-Bejo et al., 1993, 1994). Such an increase may not be
desirable because the internal organs are widely con-
sumed by humans. It is, therefore, important to develop
means by which high liver Cu contents could be rapidly
decreased and then maintained at normal levels in all
ruminants, but especially in sheep.

Supplements of sulphur (S) and molybdenum (Mo)
were shown to be effective to control an outbreak of
chronic Cu toxicity in sheep (Hidiroglou et al., 1984).
More recently Ivan et al. (1992) reported that a dietary
supplement of bentonite (BE) decreased the accumula-
tion of Cu in the liver of sheep by 29%. Consequently,
the present experiment was designed to study the effi-
cacy of dietary supplements of BE, S plus Mo (S-Mo)
and the combination of BE and S-Mo to prevent hepatic
Cu accumulation and Cu toxicity in sheep fed a high
level of PKC in the diet. In addition to high Cu, the
contents of iron (Fe) in PKC are also high (800 to
6000 mg/kg DM). Excessive dietary concentrations of
Fe may result in bent legs of lambs (Hidiroglou et al.,
1978) and decreased productivity of dairy cows (Coup,
Campbell, 1964). Consequently, the effects of the
above dietary supplements on the accumulation of Fe
and other elements in the liver and kidney were also
measured in the present experiment.
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MATERIALS AND METHODS

Twenty-three Malin-Dorset crossbred sheep, ap-
proximately 3.5 months old and 16 kg of live weight,
were purchased from the Gurthrie Farm, Seremban, Ne-
gri Sembilan and used in the present study. The sheep
were given corn during a 2-week adaptation period.
Thereafter, four sheep were selected at random and
killed. Livers and kidneys were removed to establish
baseline concentrations of Cu and other mineral ele-
ments. The rest of the sheep were divided according to
body weight into four groups of approximately equal
average body weight and each group was assigned to
one of four diets, The sheep were placed in individual
pens with wooden statted flooring and automatic water
drinking nipples. Group 1 was fed a PKC-based control
diet (CD), while groups 2 to 4 were given the same diet
supplemented with BE (treatment BE), S-Mo (treat-
ment SM), or combinations of BE and S-Mo (treatment
BE+SM), respectively. Groups | to 3 were assigned
five lambs each, whereas group 4 was assigned four
lambs. At the beginning of the experiment there were
no statistical differences in the average body weight
among treatment means (P > 0.05). The lambs were fed
the assigned diets ad libitum and had continuous access
to drinking water. Each sheep was offered grass at ap-
proximately 10% of the intake of the experimental diet
(DM basis). The control diet (CD) consisted (DM ba-
sis) of 96.2% PKC, 1% cobalt-iodized salt and 2.8%
limestone (34% Ca). Vitamins A, E and D were added
to supply 600, 15 and 1100 IU per kg of the diet,
respectively. Additional experimental diets were for-
mulated by adding to the control diet (per kg DM) 16 g
sodium bentonite (NATIONAL® Standard Bentonite,
mesh 200; Bentonite Performance Minerals, Baroid Di-
vision of Dresser Industries, Inc., Denver, CO, USA)
(diet BE); 600 mg S (as sodium sulphate) plus 23 ' mg
Mo (as ammonium molybdate) (diet SM); and 16 g
sodium bentonite and 600 mg S plus 23 mg Mo (diet
BE+SM). On the average the grass used contained (by
analysis) 17.3% DM, 6.4% ash, 9.5% crude protein,
2.1% fat, 47.7% acid detergent fibre, 12 mg/kg Cu,
71 mg/kg Zn and 350 mg/kg Fe. PKC contained 96.9%
DM, 7.4% ash, 15.4% crude protein, 3.7% fat, 45.7%
acid detergent fibre, 23 mg/kg Cu, 0.83 mg/kg Mo,
60 mg/kg Zn, 840 mg/kg Fe and 2.2 g/kg S. Individual
intakes of grass and the assigned diet were recorded
daily. Weighing was performed every two weeks. The
experiment lasted for 26 weeks.

The lambs were monitored daily for any Cu or Mo
poisoning-related signs. Post-mortem was performed
on each dead sheep and the day of death was recorded.
The livers and kidneys of dead sheep were examined,
weighed, sampled, and the samples dried and stored for
chemical analysis. At the end of the experiment all the
sheep were weighed and then one sheep from each
treatment group was killed each consecutive day. The
livers and kidneys were removed, weighed, sampled,
and samples dried and stored for chemical analysis.
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Feed and tissue samples were dried at 60 °C for 48
hours, followed by determination of analytical DM and
proximate analyses. Small amounts of samples (ap-
proximately 2 g) were ashed at 600 °C in a muffle
furnace and mineral elements were determined by
atomic absorption spectrophotometer (Varian Spectra
400) after digesting the ash in hydrochloric acid (As-
sociation of Official Analytical Chemists, 1984). The
results were analysed statistically as 2 x 2 factorial
design and the differences were considered significant
at P < 0.05.

RESULTS

Mortalities during the experiment (Tab. I) occurred
in the group of sheep fed unsupplemented PKC (treat-
ment CD) and in those sheep fed PKC supplemented
with BE. There was no mortality in the groups of sheep
fed the diets containing the S-Mo supplement (treat-
ments SM and BE+SM). The mortality was higher for
the BE treatment (four sheep out of five) than for CD
(three sheep out of five), and on the average deaths
occurred in 126 and 161 days, respectively. For most
cases, mortality occurred one to two days after the ani-
mal showed anorexia, restlessness and recumbence.
Post-mortem findings showed yellowish serous and

mucous surfaces, enlargement and yellowing of the
liver, kidney necrosis and the bladder filled with blood-
stained urine, which are indicative of copper toxicity.
The average daily gain in the surviving sheep ranged
between 108 g (treatment CD) and 140 g (treatment
BE), while the average daily feed DM intake ranged
between 795 g (treatment CD) and 941 g (treatment
BE). The average feed/gain ratio was lowest for the SM
treatment (6.1) and highest for the CD treatment (7.7).

The concentrations of Cu, Fe, manganese (Mn), Zn,
calcium (Ca) and magnesium (Mg) in the liver of sheep
are summarized in Tab. II. In the group of sheep killed
at the beginning of the experiment the average concen-
tration of Cu was 1101 mg/kg DM. The concentration
increased to between 1491 and 2192 mg/kg DM during
the experiment in sheep of treatments BE and CD, re-
spectively. However, the concentration decreased in
both treatments containing the S-Mo supplement (treat-
ments SM and BE+SM). This resulted in a highly sig-
nificant effect of SM treatment on the concentration of
Cu in the liver. Also, there was a significant interaction
between BE and SM treatments. The average concen-
trations of Fe in the liver increased during the experi-
ment in sheep of treatments CD and BE, and decreased
in sheep of treatment SM. For treatment BE+SM, the
concentration during the experiment remained almost
constant. There was a highly significant effect of SM

1. Mortality, live weight gain (g/day). feed intake (g dry matter/day) and feed/gain ratio (g/g) in surviving sheep fed a palm kernel cake-based
control diet (CD) supplemented with bentonite (BE), sulphur plus molybdenum (SM), or BE+SM

ettt Initial number | Surviving number | Days to mortality Live weight gain Feed intake Feed/gain ratio
of sheep of sheep mean SE mean SE mean SE mean SE
CD 5 2 161 21.0 108 26.7 795 36.0 7.1 2.29
BE £ | 126 20.1 140 - 941 - 6.7 -
SM 5 5 - - 137 28 841 25.0 6.1 018
BE+SM 4 4 - - 117 8.6 799 25.1 6.9 0.63

11. Effects of dietary supplements of bentonite (BE) and sulphur plus molybdenum (SM) to a palm kernel cake-based control diet (CD) on
the concentrations (mg/kg dry matter) of mineral elements in the liver of sheep

ST (F— Copper Iron Manganese Zinc Calcium Magnesium
mean SE mean SE mean SE mean SE mean SE mean SE
@° 1101 116.4 250 22.1 6 0.6 134 10.5 465 47.7 449 16.7
CD 5 2192 | 256.3 501 109.8 13 23 133 35.8 545 58.2 590 153
BE ] 1491 | 317.1 406 87.4 20 6.6 120 16.9 568 105.6 550 17.3
SM 5 451 136.0 184 15.1 17 2.6 121 8.1 396 19.7 635 389
BE+SM 4 852 | 189.9 251 30.4 15 0.6 165 34.6 435 39.1 611 16.9
Effects
BE NS¢ NS NS NS NS NS
SM NS NS oo -
Interaction * NS NS NS NS NS

* Includes livers of sheep dying prior to the end of the experiment
¥ Sheep killed at the beginning of the experiment

“ not significant (P > 0.05)

“P <005 " P <0.00l
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treatment on the liver concentration of Fe, but the in-
teraction was not significant. The average liver concen-
trations of Mn and Zn were not affected (P > 0.05) by
any treatments. However, similar to Fe, the SM treat-
ment had a highly significant effect on the liver con-
centrations of Ca and Mg. The S-Mo supplement de-
creased (P < 0.001) the liver Ca concentration. The
concentrations of Mg were higher (P < 0.001) for treat-
ments containing S-Mo supplement than for other treat-
ments, and all concentrations appeared to be higher at
the end than at the beginning of the experiment.

The concentrations of Cu, Fe, Mn, Zn, Ca and Mg
in the kidney cortex of sheep are summarised in
Tab. III. In comparison with the beginning the kidney
cortex concentration of Cu was elevated dramatically
during the experiment in sheep on CD treatment (39 vs.
658 mg/kg DM). In comparison with the CD treatment
the concentration was lower for all other treatments.
The effects were significant for both BE (P < 0.01) and
SM (P < 0.001) treatments, but the SM treatment was
the most effective in decreasing the concentration of Cu
in the kidney cortex. Similar to Cu, the Fe and Zn
concentrations in the kidney cortex also increased dur-
ing the experiment in sheep on the CD treatment. In
comparison with CD, only the S-Mo supplement (treat-
ments SM and BE+SM) decreased the Fe and the Zn
concentrations significantly. Consequently, the concen-
trations of both elements were lower in sheep on SM
and BE+SM treatments than in sheep on other treat-
ments (CD and BE). There were no significant effects
of treatments or interaction on the kidney cortex con-
centrations of Mn, Ca and Mg.

DISCUSSION

In sheep liver, Cu concentrations of up to 500 mg/kg
DM are considered to be normal, but over 800 mg/kg

111. Effects of dietary suppl of b ite (BE) and sulph

DM hypercuprosis and stress induced haemolytic crisis
may develop (Bostwick, 1982). During the latter part of
the prehaemolytic stage and the haemolytic stage of Cu
toxicity, Cu concentrations may reach 1000-3000 mg/kg
DM (Bostwick, 1982). In a reported Cu poisoning in
a sheep flock (Hidiroglou et al., 1984) the average
monthly hepatic Cu concentrations (745-1251 mg/kg
DM) in sheep that died of copper toxicity were similar
to our pre-experimental sheep group (1101 mg/kg
DM). Therefore, Cu concentrations in the livers of
sheep killed at the beginning of the present experiment
indicated a possibility of approaching haemolytic
stage. However, Cu concentrations in the kidneys were
relatively normal, indicating that there was no liver
damage at this point. To rapidly reduce death losses
due to chronic Cu poisoning, Hidiroglou et al. (1984)
used a treatment of dietary supplements of 0.1 g of
ammonium molybdate and 1g of sodium sulphate per
sheep per day, for approximately 4 months. However,
after the end of the treatment there were still dead
sheep with high hepatic Cu concentrations, while
500 mg/kg DM of ammonium molybdate for five
months eliminated completely deaths due to Cu toxicity
(Hair-Bejo, Alimon, 1992). It would appear, therefore,
that a daily supplement of 0.1 g of ammonium
molybdate (approximately 20 mg Mo/kg DM) was not
sufficient to totally prevent Cu poisoning in sheep. In
contrast, dietary Mo supplements between 4 and
16 mg/kg DM were reported as effective to reduce he-
patic Cu concentration to normal levels (Kline et al.,
1971; Suttle, 1977; Van der Schee et al., 1980; Suttle,
1983). We used a somewhat higher level of supplemen-
tal Mo (23 mg/kg DM) than was used by Hidiroglou et
al. (1984), but much lower than that used by Hair-Bejo,
Alimon (1992). However the effectiveness of dietary
Mo supplement may depend on the initial Cu status of
the animal (Gray, Daniel, 1964) and on the dietary Cu
concentration and its biological availability. The rumen

plus molybdenum (SM) to a palm kernel cake-based control diet (CD) on

the concentrations (mg/kg dry matter) of mineral elements in the kidney cortex of sheep

Freatinsnt | ffombied Copper Iron Manganese Zinc Calcium Magnesium
mean SE mean SE mean SE mean SE mean SE mean SE

(4)" 39 &l 94 25.2 10 1.1 130 7.9 798 422 599 117.2

CD 5 658 186.2 1015 335.1 20 38 200 7.8 884 212.8 551 8.7

BE 5 290 105.7 877 | 408.3 22 8.4 184 34.5 653 132.6 531 46.5

SM 5 79 16.1 153 13.2 20 2l 164 19.6 502 20.7 615 244

BE+SM 4 125 53.8 146 10.7 19 2.5 148 16.6 663 41.4 727 29.8

Effects

BE o NS¢ NS NS NS NS

SM NS - NS NS

Interaction NS NS NS NS NS NS

* Includes kidney cortex of sheep dying prior to the end of the experiment

Sheep killed at the beginning of the experiment
‘;not signiﬁeenl P> ().0'5')'
P <005 P<00l; P<0.00]
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solubility and biological availability of Cu in PKC may
be quite high. Indeed, 78% of the 21 mg Cu/kg DM in
PKC was released in the rumen of goats (Jin et al.,
1995).

It is obvious that before the beginning of the present
experiment the sheep accumulated large amounts of Cu
in the liver, with the concentration being at the thresh-
old of chronic Cu toxicity. In both the liver and the
kidney, Cu and Fe concentrations further increased
(2-fold and 17-fold, respectively) during the experi-
ment in sheep fed the PKC control diet (CD), resulting
in three mortalities out of five sheep. It would appear,
therefore, that the biological availability of Cu in the
PKC used in the present experiment was high. It is
interesting to note that in comparison with CD, both
dietary supplements and their combination decreased
notably (between 32 and 79%) the liver Cu concentra-
tion during the experiment. However, only the effect of
S-Mo supplement was significant statistically. There
was also significant interaction that appeared to result
in decreased efficacy of the S-Mo supplement. Simi-
larly, the concentrations of Cu in the kidney were de-
creased by the dietary supplements between 56 and
88%, but in contrast to the liver, both S-Mo and BE
effects, but not the interaction, were significant statis-
tically. The largest relative decreases in Cu concentra-
tions in both liver and kidney were obtained when
S-Mo was supplemented alone or in combination with
BE, and it was accompanied with a zero sheep mortal-
ity for these treatments. It is evident from the results
that there was no additive, but rather, negative effect
on the liver Cu concentration when the supplements
were combined. Such an effect was not expected.
Therefore, S-Mo was the sole supplement that provided
total protection from Cu poisoning in sheep. It also
maintained significantly lower Fe concentrations in the
liver and kidney.

The fact that dietary Mo in the presence of adequate
S can reduce the concentration of Cu in the liver (Dick,
1954; Suttle, 1974) or Cu storage in the liver (Ross,
1966, 1970; Hogan et al., 1968) has been established
decades ago. Later Suttle (1974, 1975) reported that
S in either organic or inorganic form could directly
affect the absorption of Cu, but to a limited degree
only. Our results clearly showed that the amounts of
the S and Mo supplements used in the present experi-
ment were adequate to decrease the hepatic Cu concen-
trations to a normal range and to prevent Cu toxicity.
It is, however, reasonable to suggest that lower
amounts of Mo supplement in PKC-based diets would
be required to maintain a normal range of the hepatic
Cu concentration for an extended time period. Work is
underway to establish an optimal level of dietary Mo
for this purpose, and the necessity for addition of S to
diets based entirely on PKC.

It has been reported that the dietary supplementation
with bentonite decreased the hepatic Cu accumulation
by 29% (Ivan et al., 1992). This is in agreement with
the present results. However the 32% decrease in the

CZECH J. ANIM. SCIL., 44, 1999: 125-130

hepatic copper concentration obtained in the present
experiment was not sufficient to prevent Cu poisoning
in sheep fed the bentonite supplemented diet, resulting
in four mortalities out of five sheep within an average
of 126 days. It is also apparent that the supplement with
bentonite significantly affected the efficacy of the
S-Mo supplement to lower the hepatic Cu concentra-
tion. This is probably due to the adsorptive property of
bentonite, which may have rendered part of the S-Mo
supplement from interacting with the dietary Cu.

The present results clearly show that the dietary
S-Mo supplement is the only one that showed sufficient
efficacy to prevent Cu poisoning in sheep when fed
PKC-based diets. In addition to decreased hepatic Cu,
Fe and Ca concentrations, the S-Mo supplement de-
creased also the concentrations of Cu, Fe and Zn in the
kidney. The decreases in the Fe concentrations in the
liver and the kidney is especially significant because
deleterious health effects of both high Cu and high Fe
in PKC when fed to sheep may be alleviated by using
the same dietary supplement (S-Mo). However. more
research is required to determine the exact levels of the
supplement required to prevent Cu poisoning, without
creating Cu deficiency and/or molybdenosis, in sheep
when fed PKC diets with variable Cu contents, and for
prolonged periods of time.
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VLIV DOJENI S RUZNYM PODTLAKEM A STRUKOVYMI
NAVLECKAMI RUZNEHO TVARU NA ZMENU TEPLOTY
POVRCHU STRUKU"

THE INFLUENCE OF MILKING WITH DIFFERENT VACUUM AND
DIFFERENT DESIGN OF LINER ON THE CHANGE OF TEAT SURFACE
TEMPERATURE

P. Kunc', I. Knizkova', M. Koubkova>

'Research Institute of Animal Production, Prague-Uhfinéves, Czech Republic
2Czech University of Agriculture, Faculty of Agronomy, Prague, Czech Republic

ABSTRACT: The objective of this study was to investigate the dynamics of surface teat temperature changes in dependence
on vacuum changes and changes of design of rubber liner by means of thermography. Two experiments were conducted in
an autotandem milking parlour with 5 milking boxes. The teats of 9 (or 7) dairy cows (H x C, milk yield 5,650 1) were
measured in 2 milking boxes by thermovision set AGA 880 in 3 series (2 days): series A (evening milking): vacuum 45 kPa;
series B (morning milking): vacuum 40 kPa; series C (evening milking): vacuum 45 kPa. In the first experiment rubber liners
with circular section (55° Shore) were located as follows: box 2: all 4 teats — left fore teat (LP). right fore teat (PP), left hind
teat (LZ) and right hind teat (PZ). In the second experiment rubber liners with triangular section were located as follows:
box 1: only 2 teats — left fore teat (LP) and right tore teat (PP). The thermograms of measured teats were obtained in each
experiment: 1. before milking (A), 2. immediately after milking (B), 3. two minutes after milking (2B). The differences
between B : A, 2B : B and 2B : A were calculated. CM-SOFT computer program was used for data and thermogram analyses.
The thermographic study of teat temperature responses to machine milking showed that milking causes considerable tempe-
rature changes in the teats. These teats are in direct contact with milking machine and they are strained during milking.
However, after evaluation of all thermograms with a combination design of liners with circular section — vacuum 45 kPa vs.
a combination design of liners with circular section — vacuum 40 kPa it was found that lower vacuum with these liners acted
positively. The changes of teat surface temperature after milking with 40 kPa were lower (Tab. I) and the traumatization of
mammary gland decreased. The use of liners with triangular section did not reduce traumatization of teats by means of the
changes of vacuum from 45 to 40 kPa

Keywords: dairy cows; teats; machine milking; vacuum; rubber liners; teat temperature; thermography

ABSTRAKT: Pomoci termografické metody byla sledovina dynamika teplotnich zmén strukd dojnice v zavislosti na zmé&né
podtlaku a tvaru strukovych nédvledek. Pokus byl uskutetnén v autotandemové dojirné. Struky 14 vybranych dojnic byly
méfeny termograficky ve tfech sériich: série A (veCerni dojeni) — podtlak 45 kPa; série B (ranni dojeni) — podtlak 40 kPa:
série C (veCerni dojeni) — podtlak 45 kPa. V kaZdé sérii byly pouZity gumové strukové ndvlecky trojihelnikovitého a kruho-
vého priifezu. U kaZdé dojnice byly vytvofeny termogramy struki: 1. pfed dojenim, 2. bezprostiedné po dojeni, 3. dvé minuty
po dojeni. Porovnanim termogramii s dojenim kombinaci kruhové navlecky — podtlak 45 kPa vs. kruhové névlecky — podtlak
40 kPa bylo zjisténo, Ze pii pouZiti téchto navlecek se projevil pozitivné niz§i podtlak — zji§téné zmény teplot strukti po dojeni
byly vyznamné& niZ8i neZ pfi dojeni s 45 kPa. Pfi pouZiti strukovych ndvledek trojihelnikového prifezu nebylo zménou
podtlaku z 45 na 40 kPa dosaZeno sniZeni traumatizace struku.

Klicovi slova: dojnice; strojni dojeni; podtlak; strukové navlecky; teplota struku; termografie

UvVOD nezdvadné mléko a pfitom zajistit dobry zdravotni stav
mlééné Zlazy. Dojeni nesmi byt pro dojnici nepfijemné

Béhem dojeni se dojici stroj dostdva do tésného kon-  a bolestivé a je tieba ho pfizpusobit anatomii vemene
taktu s velmi senzitivnim organem dojnice — mléénou  a fyziologii uvoliiovani mléka (Kejik, MaSkovd, 1989).
Zlazou. Strojni dojeni md za ukol ziskat hygienicky  Prokazalo se, Ze se zvySujicim se podtlakem klesa podil

*  ResSeni bylo uskutenéno v ramei grantu NAZV &, EP 0960006313,
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zdravych &tvrti. Rovnéz tak nevhodné strukové gumy
&i zvySeny pocet pulzd jsou vyznamnymi traumatizuji-
cimi Ciniteli (Stros, 1998). AvSak i dojeni v pripadech,
kdy technické parametry charakterizujici proces dojeni
jsou v souladu s normou, miiZe zpisobovat traumatiza-
ci mlé¢né Zlazy. Vznikaji traumatizaéni zony, které se
projevuji zvySenou teplotou zejména na strucich a ne-
Ize je detekovat zrakem ani podchytit kontaktnim tep-
lomérem. Pribéh téchto teplotnich zmén na vemeni
a strucich lze objektivné zjistovat pomoci termografic-
ké metody, kterd podava uceleny obraz o teplotni ode-
zvé organismu na dané podminky. Hamann (1985) zjis-
til termografickym méfenim, Ze bézné dojici systémy
zvy3Suji povrchovou teplotu strukd b&hem dojeni o 2 °C.
Magkova (1991), kterda pomoci termografie hodnotila
novy tvar strukové gumy, zjistila, Ze hrot struku neni
novym tvarem vyznamné namahan. Kunc a Knizkova
(1997a) monitorovali teplotni reakce vemene zdravych
dojnic v bé&Znych provoznich podminkach v autotande-
mové dojirné, kde veskeré technické parametry odpo-
vidaly normé&. Z porovnani viech ziskanych termogra-
fickych snimkd vyplynulo, Ze béhem procesu dojeni
dochdzelo k vyraznym zménam zejména na strucich,
které jsou b&hem dojeni v pfimém kontaktu s dojicim
strojem a jsou zna¢né namdhdny. Rozdil teplot pied
dojenim a po ném zde €inil az 5 °C. Teplotni zmény ve
vemeni nepiekroCily 1 °C. Obdobné sledovali Kunc
a Knizkova (1997b) teplotni reakce vemene na tipravu
dojiciho stroje, resp. na vyménu strukovych navlecek.
Na zédkladé zhodnoceni teplotnich reakci mlé¢né Zlazy
konstatovali, Ze dynamika zmén teplot vemene a struki
byla vyménou strukovych ndvleéek ovlivnéna. Po vy-
méné strukovych navlecek bylo zaznamenano delsi pre-
trvdvéni vysSich teplot strukd oproti teplotnim staviim
pied vyménou.

Cilem prace bylo sledovat pomoci termografické
metody dynamiku teplotnich zmén strukdi vemene doj-
nic v zavislosti na zménach fyzikalnich parametra do-
jiciho zatizeni. Ke sledovéni byla vybrdna zména pod-
tlaku a zména tvaru strukovych navlecek.

MATERIAL A METODA

Byly uskutednény dva soub&Zné experimenty v pro-
voznich podminkéch, v autotandemové dojirné tvaru I
s péti dojicimi stanimi. Méfené dojnice (kfizenky H x C
s pramérnou uZitkovosti 5 650 1), resp. vemena byla
snimana v dojicich boxech ¢. | a €. 2 termovizni sou-
pravou AGA 880.

Termovizni snimani v obou pokusech se uskutecnilo
ve tiech snimacich sériich ve dvou po sobé& nasleduji-
cich dnech:

Série A (vecerni dojeni): podtlak béZné pouzivany — 45 kPa
Série B (ranni dojeni): podtlak byl sniZen na 40 kPa
Série C (vecerni dojeni): podtlak navricen na 45 kPa.

Pokus ¢. 1 — Vliv zmény podtlaku: pocet meie-
nych dojnic n = 9; box ¢. 2: navlecky kruhového pra-
fezu (tvrdost gumy = 55° Shore) na na vSech Ctyfech
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strucich — levy predni (LP), pravy piedni (PP), levy
zadni (LZ), pravy zadni (PZ).

Pokus ¢. 2 — Vliv zmény podtlaku a zmény stru-
kovych navlecek: pocet méfenych dojnic n = 7; box
¢. 1: navlecky trojihelnikového priifezu (tvrdost gumy
vyrobcem neuvedena) na levém prednim struku (LP)
a pravém piednim struku (PP), na levém zadnim struku
(LZ) a pravém zadnim struku (PZ) navlecky kruhového
priiezu (55° Shore).

V obou pokusech u kazdé dojnice byla z termozaz-
nami vytvorena tato teplotni zobrazeni: 1) stav pied
dojenim, 2) stav bezprostfedné po sejmuti strukovych
ndsadci, 3) stav dvé minuty po skon¢eném dojeni. Na
zédkladé zmén teploty strukl v t&chto Casovych interva-
lech byla posouzena intenzita traumatizace.

Soubézné s termoviznim snimdnim byly po dobu ex-
perimenti méfeny tyto veli¢iny: teplota vzduchu a re-
lativni vlhkost pomoci zdznamového termohygrografu
Commeter, a to na tfech stanovistich v dojirné (u dvefi,
stfed a zadni Cast dojirny), dale proudéni vzduchu
a zchlazovaci hodnota pomoci Hillova katateploméru
(tfikrat po dobu termovizniho méfeni) a také nadoj
mléka.

Vyhodnoceni vSech nasnimanych termogramui a zis-
kanych dat bylo uskute¢néno pomoci specidlniho poci-
tatového programu CM SOFT.

VYSLEDKY A DISKUSE
Mikroklimatické podminky v dojirné béhem méieni

Série A (odpoledni dojeni): Teplota vzduchu se po
dobu méfeni pohybovala od 12,8 do 15,5 °C, u relativni
vlhkosti bylo zaznamenano rozpéti 61-68 %. Proudéni
vzduchu bylo v rozmezi od 0,1 do 0,2 m.s™!, zchlazovaci
hodnota byla zji§téna v rozmezi 209-215 W.m™2.

Série B (ranni dojeni): Teplota vzduchu se pohybo-
vala béhem méfeni od 14,4 do 16,7 °C, relativni vih-
kost od 64 do 77 %. Proudéni vzduchu dosihlo rozpéti
0,1-0,25 m.s™', zchlazovaci hodnota se vyskytovala
v rozmezi od 207 do 382 W.m ™.

Série C (odpoledni dojeni): Teplota vzduchu byla
zaznamendna v rozpéti od 14,0 do 16.5 °C, relativni
vlhkost se pohybovala od 68 do 76 %. Proudéni vzdu-
chu bylo zji§téno v rozmezi 0,1-0,25 m.s~', zchlazova-
ci hodnota pak v rozmezi 205-383 W.m™>,

Primérny niddoj mléka béhem méfreni

Série A (odpoledni dojeni): Pramérny nadoj ve sle-
dovaném boxu &. 1 byl 7 litrt, ve sledovaném boxu ¢&. 2
7.9 litrd mléka.

Série B (ranni dojeni): Pramérny nadoj ve sledova-
ném boxu ¢. | byl 7,4 litra, ve sledovaném boxu ¢&. 2
8,2 litri mléka.

Série C (odpoledni dojeni): Pramérny nadoj ve sle-
dovaném boxu ¢. | byl 7.4 litri, ve sledovaném boxu
¢. 2 6,8 litri mléka.
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Zhodnoceni vlivu zmény fyzikélnich parametra
na teplotni reakce struki

Pokus & 1: Vliv zmény podtlaku

Srovnani teplotnich zmén na strucich béhem dojeni
s b&Zn& pouZivanymi navleCkami kruhového prifezu
a se zménou podtlaku ze 45 na 40 kPa je uvedeno
v tab. I. Teplotni zmény jsou uvadény pro jednotlivé
struky. Byly vypocteny rozdily v teplotach strukd bez-
prostiedné po dojeni a pied dojenim (B : A), dile te-
plotni stav 2 minuty po dojeni a bezprostiedné po do-
jeni (2B : B) a rozdil mezi stavem 2 minuty po dojeni
a pocate¢nim teplotnim stavem strukd pred dojenim
(2B : A). V tomto pfipadé lze hodnotit viechny Ctyii
struky: levy predni (LP), pravy piedni (PP), levy zadni
(LZ) a pravy zadni (PZ).

LP: Ze srovnani stavu B : A vyplynulo, Ze podtlak
40 kPa v kombinaci s béZnymi navleckami vyrazné sni-
%il povrchovou teplotu struku, a to o 1,63 °C, u srov-
nani 2B : B byla zaznamenana rovnéZ niZsi teplota
(rozdil ¢inil 1,07 °C). Na zakladé porovnani stavu 2B
: A lze konstatovat, Ze i v tomto piipadé byla teplota
u podtlaku 40 kPa niZsi (rozdil 0,59 °C).

PP: U rozdilu B : A byla zaznamenana niZsi teplota
struku bezprostfedné po dojeni 0 2,15 °C ve prospéch
podtlaku 40 kPa, u srovnani 2B : B byla rovnéZ zazna-
mendana niz§i teplota, a to 0 0,13 °C, u stavu 2B : A by-
la zjiSténa stejna teplotni rekace (o 2,02 °C niZ§i oproti
45 kPa).

LZ: Rozdil B : A ¢inil 3,72 °C pro podtlak 40 kPa,
u stavu 2B : B byl zjistén rozdil 0,7 °C au 2B : A pak
rozdil 3,01 °C opét ve prospéch snizeného podtlaku.

PZ: V piipadé porovnani A : B byla teplota struku
pri dojeni 40 kPa nizsi o 1,78 °C, v pripadé 2B : B vak
byla tato teplota na struku nepatrné vy$si, rozdil oproti
45 kPa byl 0,39 °C. Stav 2B : B opét vykazal nizsi
teplotu struku pro 40 kPa (rozdil 2,17 °C).

Celkové Ize konstatovat, Ze sniZeni podtlaku z 45 na
40 kPa s pouzitim béznych navlecek kruhového priie-
zu se projevilo vyraznym sniZenim povrchovych teplot
strukl, a to zejména v porovnéni stavu bezprostiedné
pied dojenim a bezprostiedné po ném. Tyto zazname-
nané teplotni zmény byly v pfipadé B : A u LZ statis-
ticky vyznamné (P < 0,01). Rovnéz tak v pripadé 2B :
A byl zjistén u LZ statististicky vyznamny rozdil mezi
teplotami strukd pii 45 a 40 kPa (P < 0,01). I kdyz
ostatni hodnoty nebyly statisticky prikazné, v mnoha
pfipadech se pritkaznosti limitné bliZily.

Pokus ¢. 2: Vliv zmény strukovych ndvlecek a zmény
podtlaku

Srovnani teplotnich zmén na strucich béhem dojeni
s ndvleckami trojihelnikového prifezu a zménou pod-
tlaku ze 45 na 40 kPa je uvedeno v tab. II. Teplotni
zmény jsou uvadény pro jednotlivé struky. Byly vypoc-
teny rozdily v teplotich struki bezprostfedné po dojeni
a pred dojenim (B : A), dale teplotni stav 2 minuty po
dojeni a bezprostfedné po dojeni (2B : B) a rozdil mezi

1. Srovndni teplotnich zmén na strucich béhem dojeni podtlakem 45 a 40 kPa (ndvlecky s kruhovym prifezem) — Comparison of teat surface
temperature changes during milking with 45 and 40 kPa vacuum (design of liners with circular section)

LP PP LZ PZ
Rozdil
fezi) B:A |B:2B [2B:A | B:A | B:2B [2B:A | B:A | B:2B [2B:A | B:A [ B:2B [ 2B: A
o e o oc o oc oc oc oc o oc oc
45 kPa 3,09 -1,12 2,00 4,59 -0.48 4,11 5.64 -1,13 451 4,23 =0.31 392
40 kPa 1,46 -0,05 1.41 244 -0,35 2,09 1,92 -0.43 1.50 245 -0.70 1,75
Rozdil? 1,63 -1,07 0,59 2,15 0,13 2,02 3,72° -0,70 301" 1,78 039 2,17
“P<00l

A = pied dojenim — pre-milking; B = po dojeni — post-milking; 2B = 2 minuty po dojeni — 2 minutes after milking

'difference between difference

I1. Srovnani teplotnich zmén na strucich béhem dojeni podtlakem 45 a 40 kPa (ndvlecky s troihelnikovym prafezem) — Comparison of teat
surface temperature changes during milking with 45 and 40 kPa vacuum (design of liners with triangular section)

LP PP
Rozdil mezi' B:A B:2B 2B:A B:A B:2B 2B : A
o °C °C o¢ °c G
45 kPa -0.39 043 0.04 234 -0.19 2.16
40 kPa 2.10 0,20 230 2,62 -0,20 242
Rozdil? 249" 0.23 -2.26 -0.28 0,01 -0.26
"P<0.01

A = pred dojenim — pre-milking; B = po dojeni — post-milking;

!difference between, difference
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stavem 2 minuty po dojeni a pofate¢nim teplotnim sta-
vem struki pred dojenim (2B : A). V tomto piipadé Ize
hodnotit pouze struky levy ptedni (LP) a pravy piedni
(PP), na kterych byly pouZity nové navletky.

LP: Ze srovnani stavu B : A vyplynulo, Ze u sou-
béZného pouziti navlecek trojihelnikového priufezu
a sniZeného podtlaku 40 kPa byla zaznamenéna vyraz-
né vyssi teplota tohoto struku po dojeni v porovnani
s podtlakem 45 kPa, a to 0 2,1 °C. U srovnéni 2B : B
v3ak byla zjiSténa teplota struku niZsi pro 40 kPa (roz-
dil ¢inil 0,23 °C). U stavu 2B : A lze opét zaznamenat
vyraznéj§i pretrvavani vyssi teploty struku u 40 kPa,
rozdil oproti 45 kPa ¢inil 2,26 °C.

PP: U rozdilu B : A bylo zaznamenano zvySeni tep-
loty tohoto struku o 0,28 °C ve srovnani s 45 kPa, u 2B
: B byly zji§té€ny prakticky shodné teploty strukd jak
pri 45 kPa, tak pfi 40 kPa. Rozdil &inil 0,01 °C, aviak
po porovnéni rozdilu 2B : A pfetrvavala opét u podtla-
ku 40 kPa na struku vys§i teplota (rozdil 0,26 °C).

Na zakladg zji§té€nych hodnot, resp. rozdilt Ize kon-
statovat, Ze u kombinace soub&zného pouZiti navlecek
trojuhelnikového prifezu a sniZeni podtlaku z 45 na
40 kPa byl zaznamendn negativni vliv této kombinace
na teplotni zmény na obou strucich, a to zejména na
levém piednim struku, kde teplotni zmény byly statis-
ticky vyznamné v pripadech B : A a2B : A (P <0,01).

Ze sledovani teplotnich reakci struki dojnic na stroj-
ni dojeni pomoci termovizniho méfeni vyplynulo, Ze
povrchové teplota struki bezprostiedné po dojeni je
zvySend, coZ koresponduje se zjiSté€nimi autori Ha-
mann (1985), Kejik, Maskova (1989), Malik et al.
(1989), aviak i Caruolo et al. (1989), ktefi stejné tep-
lotni zmény na strucich zjistili i po strojnim dojeni koz.
Avsak na zdkladé porovnani kombinace kruhové na-
vlecky — podtlak 45 kPa vs. kruhové navlecky — pod-
tlak 40 kPa, bylo zjiSténo, Ze niZsi podtlak s témito
navleckami se projevil v danych podminkach pozitivné.
Zjisténé zmény povrchovych teplot strukd. po dojeni
byly niZ§i neZ pfi dojeni s 45 kPa, a byla tak sniZena
traumatizace mlé¢né Zlazy.

Pii pouziti strukovych navlecek trojuhelnikového
prifezu nebylo dosaZzeno zménou podtlaku ze 45 kPa
na 40 kPa sniZeni traumatizace struki. Vysledky nazna-
¢uji, Ze pro dany typ strukové navlecky je vhodnéjsi
vy$8i hladina podtlaku.
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INFORMATION - STUDIES - REPORTS

NUTRITIONAL FACTORS AFFECTING EGGSHELL
QUALITY

NUTRICNI FAKTORY OVLIVNUJICI KVALITU SKORAPKY

Y. Nys

INRA, Station de Recherches Avicoles, Tours, Nouzilly, France

ABSTRACT: The hen's eggshell has a perfectly ordered structure, sequentially elaborated during a defined period in the
isthmus and the uterus. It is composed of calcium carbonate pervaded by a small amount of organic components which are
believed to influence calcite nucleation and growth, and, consequently, the biomechanical properties of the eggshell. Eggshell
quality therefore depends on the supply of ionic material, calcium and carbonate but also on the organisation of eggshell
deposition. At the production level, eggshell quality is influenced by management, nutritional and environmental factors.
Adequate dietary levels of calcium have to be provided during the rearing, transition and laying periods but further increasing
the level of calcium or the use of Ca step-up phase feeding system is poorly efficient. Factors favorising the supply of calcium
during eggshell formation, i.e during the night, are more important. Midnight feeding can improve eggshell quality. The use
of coarse particle size of calcium improves eggshell quality especially in old hens compared to young ones and in hens
suffering from high temperatures. The origin of the calcium source little affects the response. Particle size has to be between
I and 4 mm. Pelleting process (crumble feed) decreases calcium particle size and could therefore reduce the positive effect
of Ca particle size. An elevated consumption of saturated fatty acids leads to the formation of calcium soaps and decreases
calcium and fat retention. There are no negative effect on shell quality when dietary fat is lower than 6%. High levels of
dietary phosphorus are detrimental to eggshell quality and 0.3% available phosphorus allows normal performance and bone
integrity. Dietary Na (minimum 0.12%) and K levels have a low effect on eggshell quality but elevated chloride (> 0.2 %)
is unfavourable. Mg is largely supplied by the vegetal feed (1500 mg/kg) and can depress eggshell quality when in large
excess (> 5000 mg/kg). Synthetic zeolites (0.75%) with high cationic-exchange capacity slightly improve shell quality but
they are solubilized in the intestine and provide aluminium. Other natural clays have a low effect on shell quality. Increasing
vitamin D dietary level has no influence on eggshell quality and dietary supplementation with its active metabolite has a low
cffect. High temperatures decrease eggshell quality as a consequence of the reduced Ca consumption and the respiratory
alkalosis induced by hyperthermia. The positive effects of nutritional factors (coarse calcium particle. zeolites) are more
pronounced in hot environments, and additional factors may also be useful: carbonated water, bicarbonate, vitamin C. An
adequate supply of nutrients will limit the incidence of eggshell breakage, which remains elevated despite considerable efforts
in manipulating the nutritional, environmental or genetic factors.

Keywords: poultry; egg; eggshell quality: nutrition

ABSTRAKT: Skofipka slepiciho vejce ma dokonale organizovanou strukturu, kterd vznika b&hem jeho prichodu vejcovodem
z istmu do délohy. Tato skofdpka se sklddd z uhli¢itanu vipenatého, ktery je prostoupen malym mnoZstvim organickych
sloZek, u nichZ se predpokldda, Ze ovliviiuji nukleaci kalcitd a rast, a tim také biochemické vlastnosti skoidpky. Kvalita
skofdpky tudiZ zdvisi jednak na piisunu iontového materidlu, vipniku a uhli¢itand a jednak na organizaci jejich ukladani ve
skofdpce. Na produkéni tirovni je kvalita vajecné skofdpky ovlivnéna oSetfovinim a nutri¢nimi a environmentélnimi faktory.
Béhem odchovu, pfechodného obdobi i snasky je tfeba zajistit adekvitni dietetickou hladinu védpniku; dal§i zvySovini hladiny
vdpniku nebo pouZiti krmného systému s fazi zvySeného piisunu Ca (Ca step-up phase feeding system) v3ak je jen milo
ucinné. Mnohem duleZitéjsi jsou faktory podporujici pfisun vipniku v obdobi tvorby vaje¢né skofdpky. tj. b€hem noci. Krmeni
o pllnoci miZe kvalitu skofdpky zlepSit. PouZiti hrubé namletych &istic s obsahem vipniku zlepSuje kvalitu vajecnych
na odezvu u zvifat jen maly vliv. Velikost poddvanych ¢istic se ma pohybovat v rozmezi od | do 4 mm. Granulace (expan-
dované krmivo) zmensuje velikost ¢astic Ca a miZe tudiZ redukovat zji§téné pozitivni uinky této velikosti. Zvy$eny pfijem

* Part of this work was prepared with the support of the ECOS-CONICYT (France — Chile).
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nasycenych mastnych kyselin vede k tvorb& mydelnych sloucenin obsahujicich vdpno a sniZuje jak retenci vapniku, tak také
retenci tukd. Pii dietetické hladin& tukt pod 6 % nebyl pozorovin Zidny nepfiznivy vliv na kvalitu skofdpky. Vysoké hladiny
dietetického fosforu maji na kvalitu skofipky Skodlivy ucinek; dosaZeni normdlni uZitkovosti a zachovini integrity kosti
zarucuje pfisun 0,3 % dostupného fosforu. Dietetické hladiny Na (minimdlné 0,12 %) a K maji na kvalitu vajec¢né skofdpky
jen maly vliv, zvySena hladina chloridi (> 0,2 %) v3ak pusobi nepfiznivé. Mg je z v&tSi Casti dodavan v rostlinné sloZce
potravy (1 500 mg/kg) a pfi znaéném nadbytku (> 5 000 mg/kg) miZe kvalitu vajedné skofdpky zhor3it. Syntetické zeolity
(0,75 %) s vysokou kapacitou vymény kationtd kvalitu skofapky mirné zlepSuji, ve stievé se vSak rozpouStéji a uvoliuji
hlinik. Ostatni pfirodni jily maji na kvalitu skofdpky jen maly vliv. ZvySend dietetickd hladina vitaminu D nema na kvalitu
skofapky Zadny vliv a dopliiovani krmné déavky jeho aktivnimi metabolity je jen malo Gcinné. Vysoké teploty kvalitu skofapky
zhorSuji v disledku sniZeného piijmu Ca a respiradnich alkal6z, jeZ jsou hypertermii vyvoldviny. Pozitivni uginky nutri¢nich
faktord (tj. vdni hrubych &astic s obsahem Ca a zeoliti) jsou zfetelné&jsi v prostiedi se zvySenou teplotou, uZite¢né viak mohou
byt i dalsi faktory, napfiklad karbonétova voda, bikarbonat &i vitamin C. Dostateény pfisun Zivin omezuje vyskyt poskozeni
skofdpky (kfapu), ktery zatim zistdvd pomérné vysoky i pfes zna¢né usili, které je vénovano kontrole nutri¢nich, environ-

mentélnich ¢ genetickych faktort.

Klicova slova: drubez; vejce; kvalita skofapky; vyZiva

INTRODUCTION

The calcareous eggshell protects the contents of the
egg from the microbial environment and controls the
exchange of water and gases through the pores during
the extrauterine development of chick embryo. Egg-
shell quality is therefore essential for the reproduction
of the species and for egg commercialisation. For the
last 20 years, the number of eggs produced per hen has
largely increased (+70) without being associated with
a change in the percentage of cracked eggs (about 8%
in Europe) because of the numerous efforts in genetics,
nutrition and in the control of environmental factors.
90% of downgraded eggs result from breakage of the
eggshell and, therefore, control of the eggshell quality
still has a part to play. A better understanding of egg-
shell formation and of the role of the organic matrix in
eggshell mineralisation may help in the future to lower
the incidence of cracks in market shell eggs but, pres-
ently, variation in eggshell quality and downgraded
eggs between producers can be mainly alleviated by
a better control of quality factors such as nutrition and
environmental variables. After a brief description of
eggshell structure, the present review summarises in-
formation on nutritional factors, mainly minerals which
can affect the eggshell quality in normal or hot envi-
ronment.

STRUCTURE AND FORMATION OF THE
EGGSHELL

The avian eggshell is a highly ordered calcareous
structure which is divided into six layers. The inner-
most two layers are the inner and outer shell mem-
branes made up of a network of fibres which envelop
the yolk and albumen. The calcified portion of the shell
is anchored on the outer membrane fibres, and forms
irregular cones corresponding to the mammillary knob
layer. The palisade layer extends for 200 pm beyond
the base of the cone and ends in a thin vertical crystal
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layer aligned perpendicularly to the shell surface. The
cuticle, an organic layer, is laid on the surface of the
egg and contains a large part (2/3) of superficial pig-
ments (Nys et al., 1997).

The membranes are produced 3.5 hr after the ovula-
tion of the yolk, in the distal part of the oviduct, the
isthmus. Spherulitic crystal growth is initiated caudally
to this region, in the transition of the red isthmus and
the uterus, by deposition of calcium carbonate (calcite)
on specific aggregates, the precursors of the mammil-
lary knobs, which have previously been laid on the
outer shell membranes. The bulk of calcite is deposited
thereafter, from 10 to 22 hrs post ovulation in the
uterus giving rise to the cone and palisade layers. Shell
formation is therefore a sequential process, the phases
of which follow a definite duration after the ovulation
of the ovum. The ovulation of the yolk is synchronised
with the oviposition of the preceding egg. In a 14-10
light dark lighting programme, the majority of ovipo-
sition occurs 2—4 hrs after lights on and therefore, egg-
shell deposition is initiated a few hours before lights
off and mainly occurs during the night.

The eggshell is formed in the uterus which secretes
a hypersaturated milieu relative to calcite solubility
during the phase of eggshell formation. The uterine
fluid also contains organic molecules which are precur-
sors of a matrix and pervade the calcified layer. The
matrix is composed of a complex array of proteins,
among them ovocleidin-17 (OC17), a specific uterine
protein and osteopontin, a bone matrix protein. Serum
albumin, ovalbumin, lysozyme and ovotransferrin are
also present in hen eggshell. Eggshell extracts or uter-
ine fluid contain components which are able in vitro to
delay, from a metastable solution of calcium and car-
bonate, the rate of precipitation of calcium carbonate
and to modify the size and crystal morphology of the
resulting calcite. Proteoglycans, primarily keratan- and
dermatan-sulfate are also found in the eggshell matrix,
and they also modify crystal precipitation and morphol-
ogy. These observations suggest that these macromole-
cules influence the organisation of crystal growth by
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controlling size, shape and orientation of calcite crys-
tals. The analysis of their biochemical and functional
properties may be useful in the future for the develop-
ment of new approaches to control eggshell quality.
Further research is needed to quantify the importance
of this factor. In contrast, it is established that eggshell
quality depends on the amount of eggshell deposited in
the uterus and on the proportion of shell material rela-
tive to egg weight. Numerous efforts in nutrition have
been carried out to optimise the uterine supply of min-
eral and to alleviate the decrease in eggshell quality
observed in old hens.

CONTROL OF EGG WEIGHT

One of the main concerns about eggshell quality is
the increase in egg breakage with increasing age of
hens. The increase in egg weight with a concomitant
decrease in percent eggshell partially explains the im-
pairment in shell quality with age (Washburn, 1982).
However, attempts to limit the increase in egg weight
with age by decreasing the dietary protein level or the
methionine intake were unsuccessful as it can reduce
hen performance. Similarly, many reports indicate no
response of egg weight to change in energy level of the
diet because hens adapt their level of food consumption
to the energy content of the diet (Summers and Robin-
son, 1995). In contrast, adding fat to the laying diet
increases egg size. The positive effect of vegetal oil and
especially linoleic acid on egg size is well established.
The substitution of vegetal oil by tallow reduces the
egg weight (March and MacMillian, 1990). That may
be used toward the end of the laying year for improving
eggshell quality as the lowering of egg weight occurs
without change in eggshell weight (Joly, 1994).

CALCIUM NUTRITION
Dietary calcium level

During the growing period of the pullets, the cal-
cium requirement of bird is 0.9-1.1% calcium between
8 and 16 weeks of age and excessive dietary calcium
during this period depresses the growth performance of
pullets, causes kidney damages and increases mortality
(Sauveur, 1987). The level of calcium has to be in-
creased 2-3 weeks before the onset of egg production
to facilitate the development of the medullary bone.
A delay in the introduction of a higher calcium diet
negatively affects the eggshell quality of the first eggs
but is also detrimental for the whole laying period
(Leeson et al., 1986). It is therefore recommended to
introduce a higher calcium diet (2.5%) two weeks before
the expected period of the first egg. Coarse particles of
calcium in free choice could be used and it is observed
that the consumption of calcium increases in parallel with
that of egg production (Mongin, Sauveur, 1979).
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During the laying period, hens export daily 2.2 g
calcium and the laying hen diet should supply at least
4.5 g calcium. A low level of dietary calcium (< 2.5%)
increases hen’s mortality and depresses egg production
(Hartel, 1990). In order to alleviate the lost due to egg
breakage, the level of calcium in the diet tends to be
increased with hen age but evaluation of high calcium
level in layer diet demonstrated the low efficiency of
such an increase on shell quality (Hartel, 1990). The
increase from 3.5 to 4.5% of calcium in hens fed 0.27
to 0.47% available phosphorus does not affect shell
breaking strength or thickness, but tends to decrease
slightly food intake and egg mass (Hartel, 1990). In
hens of 80 weeks at age, a high level of dietary calcium
(5%) affects little eggshell quality (Keshavarz, 1986).
A step-up phase feeding system (3.5, 4.5, 5.5% Ca) is
also without effect on eggshell quality (Keshavarz,
Nakajima, 1993).

Coarse particles of calcium

The daily kinetics of intestinal calcium absorption is
of great importance because of the lack of coincidence
between the deposition of calcium for shell formation
in the uterus during the night and the calcium intake
during the day. The specific appetite for calcium in
hens and storage of food in the crop compensate partly
for this gap and it is well established that the use of
coarse calcium particles favours the expression of this
physiological property of hens. However. the positive
effect of calcium particles is inconsistently observed
and it is of interest to know the origin of the factors
which modify the eggshell response to calcium par-
ticles.

The sources of calcium carbonate obtained from
quarries or of marine origin (oyster shells or other spe-
cies of bivalves) are available under various particle
sizes and correspond to various chemico-physical char-
acteristics. Chemical analysis shows that calcium and
trace mineral levels largely vary (Reid, Weber, 1976;
Guinotte, 1992) but the crystal types of calcium car-
bonate (calcite, aragonite, amorphous) have no in-
fluence on eggshell quality in laying hens (Brister et
al., 1981). Physical characteristics mainly depend on
particle size (ground or coarse) and to a smaller extent
on the origin of the sources. The review of the literature
since 1927 (320 experimental comparisons; Guinotte,
Nys, 1993) allows the evaluation of various factors in-
fluencing the response of calcium source and size on
eggshell quality and bone response. In 51% of the trials
a significant increase is demonstrated in eggshell qual-
ity in hens fed coarse particles of calcium compared to
those fed ground calcium. The marine origin is favour-
able in 13% of the trials compared to limestone what-
ever the size of the particle. The percent of positive
responses is higher (51 vs 19%) when particles are
larger than 1 mm compared with smaller particles (0.2—
I mm, or inferior to 0.2 mm). It is slightly increased
(53 vs 41) when half of the calcium carbonate is sup-
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plied as coarse particles in lieu of 33 or 100% or dis-
tributed completely separated from the diet. Use of
coarse calcium source is particularly efficient under hot
climate environment (78 vs 43%) and when distributed
to hens toward the end of the laying period (62 vs
30%). Feeding low to medium levels of dietary calcium
increases also the frequency of positive responses. The
use of coarse calcium carbonate particles induces in most
of the experiments (83%) an increase in bone mineraliza-
tion but the origin of the sources has no effect.

It will be very convenient to predict by an in vitro
test the efficiency of a calcium source with a defined
size. /n vitro measurement of calcium salt solubility
may be of importance because calcium carbonate solu-
bilization is a prerequisite to calcium absorption in the
digestive tract. Solubility of various calcium sources
mainly decreases in proportion to the size of the parti-
cles and depends also on the origin of the source. More-
over, technological treatments modify solubility of
a source. The treatment of marine shells by phosphoric
acid (Guinotte, 1992) and of oyster shells by high volt-
age current (Fujita et al., 1988) increases their solubil-
ity. Tentatives to optimise particle size of a source for
improving eggshell quality from its solubility are in-
conclusive due to interactions between origin of the
source and size of the particle (Nys, 1995). Neverthe-
less, a coarse particle with a very low solubility will be
deleterious for eggshell quality when introduced as the
only calcium supplement in the diet.

Coarse calcium particles are retained longer in the
crop and gizzard than other feed particles because of
their large size (Meyer et al., 1973; Gonalons, Moretto,
1989). Particles have to be superior to 0.8 mm for se-
lective retention in the gizzard (Rao, Roland 1990).
They increase also the enzyme activity responsible for
gastric acid secretion in laying hens by 20% (Guinotte
et al., 1993) due to dilatation of the crop (Ruoff, Sew-
ing, 1971; Lee et al., 1988). The amount of intestinal
calcium solubilized during the night (i.e. the period of
eggshell calcification when there is no food intake) in-
creases with coarse particles. As a consequence, the
intestinal supply of calcium is synchronised with egg-
shell calcification, favouring eggshell quality and bone
mineralization.

The use of coarse calcium particles completely sepa-
rated from the food requires an additional silo of cal-
cium carbonate to distribute calcium a few hours be-
fore extinction of lights. However, coarse particles of
calcium carbonate could be incorporated into the diet
as laying hens preferentially eat the calcium at the on-
set of shell formation due to a specific appetite for cal-
cium. Pelleting of diets and the use of crumbs have
been suggested to overcome insufficient feed consump-
tion, which could be observed at the onset of egg pro-
duction or in hens submitted to high temperature. Pel-
leting the diet reduces the size of the calcium carbonate
particles (Guinotte, 1993) and, therefore, coarse cal-
cium should be mixed after pelleting and crumbling
rather than incorporated early in the diet.
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An additional means to synchronise calcium intake
and eggshell formation is the introduction of midnight
feeding. Eggshell quality is improved when intermit-
tent lighting supplement (2 h) was introduced in the
middle of the night (Grizzle et al., 1992). Combination
of midnight feeding and food distribution with an auto-
matic feeder can improve eggshell quality especially
for the egg laid after light on (Harms et al., 1996).

Fat incorporation and calcium utilization in hens

In the digestive tract, fatty acids can associate with
calcium and magnesium and form insoluble soaps par-
ticularly when fats are enriched with saturated fatty
acids. In laying hens, an increase in calcium level or
the use of coarse particles of calcium and the consump-
tion of a large amount of fat or saturated fatty acids
lead to the formation of calcium soaps in the digestive
tract (Atteh, Leeson, 1985) which are excreted (March,
Amin, 1981). Calcium retention is lower in hens fed
a high level (10%) of saturated fat (Atteh, Leeson,
1985) and fat retention decreases when calcium level
increases in the diet. However, calcium and fat absorp-
tion are not affected by the formation of soaps when
the level of fat in the diet is inferior to 6%. Eggshell
quality and bone mineralization are not, therefore,
modified (Atteh, Leeson, 1985). Various hypotheses
may explain the limited effect of fat on calcium absorp-
tion in hens. Firstly, intestinal calcium absorption takes
place before fat absorption and calcium soaps form
from the nonabsorbed calcium and free fatty acids in
the distal part of the digestive tract (Guéguen, 1992).
Secondly, bile secretion which lowers soaps formation
(Krogdahl, 1985) is higher in adult birds than that of
young birds. Finally, gastric emptying and digestive
transit time is longer when fat is added to the diet
(Krogdahl, 1985) facilitating calcium solubilization
and its absorption which may compensate the adverse
effect of soap formation.

PHOSPHORUS

Numerous studies have demonstrated that eggshell
quality decreases in the presence of high levels of avail-
able phosphorus (Miles, 1980; Vogt, 1982; Roland,
1989a; Keshavarz, Austic, 1990). In young hens, how-
ever, levels of available phosphorus lower than 0.25%
have negative effects on egg production and bone qual-
ity (Rao et al., 1995). As a consequence, the European
mineral group of the WPSA recommends that phospho-
rus should be incorporated in the diet at a constant
level of 0.28% available phosphorus throughout the
laying period (Sauveur, 1992). Phosphorus require-
ments decrease with age and production in laying hens.
Phase-feeding experiments (Roland, 1989a) show that
step-down available phosphorus phase feeding regi-
mens of 0.35, 0.25 and 0.15% aP at 20-35, 35-50,
50-70 wks of age maintain laying hens performance
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(Rodriguez et al., 1984) especially when hens are fed
with calcium carbonate particles (Kerhavarz, Naka-
jima, 1993). Incorporation of particular calcium de-
creases mobilisation of bone reserves and permits
lower dietary phosphorus levels (Sauveur, 1992). It is
noteworthy that the addition of mineral phosphorus
could be reduced by 0.1% when diets contain at least
300 UP vegetal (Sauveur, 1989) or microbial phytase
(Aubert, Bouvarel, 1995; Usayran, Balnave, 1995).
There is evidence that the phosphorus requirement
of laying hens slightly increases in hot environments.
aP levels below 0.25% increase mortality in hens ex-
posed to high temperatures (Garlich et al., 1978). These
authors recommended 350 mg/day/hen to sustain skele-
tal mineralization. Scheideler, Sell (1986) and Usayran,
Balnave (1995) have demonstrated a reduction in phos-
phorus retention at high temperatures. A low dietary
phosphorus level (0.3% aP) associated with low cal-
cium intake, as is frequently observed at high tempera-
tures, causes weak bone (Frost, Roland, 1991) and may
facilitate the appearance of cage fatigue in layers.

VITAMIN D

Vitamin D controls calcium metabolism and intesti-
nal absorption of calcium (Norman et al, 1992;
Ameenuddin et al., 1985). There have been abundant
researches in this area but it is beyond the scope of this
review to summarise this work (Soares et al., 1995;
Sauveur, 1981). Briefly, vitamin Dj is essential for egg
production and eggshell quality and the requirement is
400 UI for normal performance (Whitehead, 1986;
300 IU/kg NRC, 1994). In practise, higher levels are
used but there is little evidence that it improves shell
quality (Tsang, Grunder, 1993; Keshavarz, Nakajima,
1993). 25(0OH) D3 shows a higher biological activity
than vitamin D3 and can be substituted to vitamin D3
(Soares et al., 1995) but again when large dietary levels
are used, no improvement in eggshell quality is ob-
served. Supplementation of hens with calcitriol, the ac-
tive metabolite of vitamin D improves calcium reten-
tion but effects on eggshell quality are inconsistent,
possibly because of the small difference between the
optimal dietary level and toxic level (Tsang, Grunder,
1993). Moreover, when supplemented in addition to
dietary vitamin D, the calcitriol has no influence on
specific gravity (Harms et al., 1990). These data are in
agreement with the observation that calcitriol stimu-
lates calcium absorption but is unable to improve cal-
cium transfer at the uterine level (Nys, 1993). In
84 weeks old hens, the combination of vitamin D with
2 pg 1,25(0H), D3 tends however to reduce the per-
cent of broken eggs and the presence of vitamin C
reinforces the positive effect (Volker, Weiser, 1993).

MAGNESIUM

The concentration of magnesium in the eggshell is
similar to that of phosphorus (0.9% total mineral).
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A deficiency in Mg (< 0.021%) reduces egg production
and the deposition of eggshell (Waddell er al., 1989).
Use of high dietary phosphorus increases the severity
of magnesium deficiency (Edwards, Nugara, 1968).
However, there is no routine supplementation of Mg in
the diet because of high Mg level in the raw vegetal
material. A layer diet (corn-soya) contains about 0).16%
magnesium, i.e four times the requirement of laying
hens (0.04 %; Vogt et al., 1984). This level can be
higher when foodstuffs (bran, sunflower, rapeseed,
meat meal or dolomitic limestone) are used and the risk
for eggshell quality is therefore that of an excess of
magnesium. However magnesium incorporated into
layer diet up to 0.52% (Anonymous, 1996) or 0.77%
(Atteh, Leeson, 1983) has no detrimental effect on egg
specific gravity or eggshell deformation even if the
concentration of magnesium in the eggshell increases
with the level of Mg supplementation. Increasing mag-
nesium increases water consumption and has a cathartic
effect at high level (> 0.6%) and therefore could in-
crease the number of dirty eggs.

DIETARY ELECTROLYTES

Electrolyte balance of the diet influences the acid-
-base homeostasis which is also markedly modified by
eggshell formation (Mongin, 1978). Attemplts to estab-
lish the optimum dietary ratio between Na, K and CI
have been inconclusive. Changes in Na + K/CI ratio
from 0.4 to 7.7 induced by moditying the levels of Na
and CI, markedly modify blood pH and ionic concen-
trations but have no consequences on eggshell quality
(Hamilton, Thompson, 1980) in agreement with the ob-
servations of Sauveur and Mongin (1978).

Numerous observations have shown that an excess
of chloride has detrimental effects on eggshell quality.
Weaker shells are observed when 0.75% (Austic,
1984), 0.8 (Keshavarz, Austic, 1990) or higher levels
are used (Hamilton, Thompson, 1980). However, at
a level lower than 0.3% of chloride, eggshell quality is
not affected (Vogt, 1977; Hess and Britton, 1989).
High sodium levels (0.35 and 0.45%) combined with
high (0.47%) or low (0.12%) chloride levels also de-
press shell quality (Hughes, 1988). Sodium chloride
when present in drinking water (2 g/1 NaCl) reduces
eggshell quality but the incidence of eggshell defects
can be lowered by supplementing dietary zinc (0.1
g/kg, Balnave, Zhang, 1993). On the other hand, defi-
ciencies in sodium (< 0.1, Sauveur, Mongin, 1978) and
chloride (< 0.11%, Vogt, 1977; 0.14%, Sauveur, Mongin,
1978) decrease performance or eggshell quality.

ALUMINOSILICATES (CLAYS) AND EGG QUALITY
Numerous natural and synthetic clays are available.

Their ion-exchange capability and adsorption proper-
ties have been tentatively exploited in animal nutrition

139



as binding agents in pelletized foodstuffs, to improve
feed efficiency or to control moisture and ammoniac
content of manure and their malodour.

In laying hens, sodium aluminosilicates (zeolites)
have received much attention because of their ability to
complex with calcium and their potential to improve
shell quality. Sodium zeolite is a synthetic crystalline
material with a three dimensional structure, a high ion-
-exchange capacity and high selectivity for calcium. It
has the formula Naj,((Al0;)5(510,);,).27H,0 and
contains 13% Na, 15% Al and 18.6% Si.

Most of the trials (77% of the 35 assays) show
a beneficial effect of Na zeolite on shell quality as
measured by egg specific gravity. The positive effect is
observed in all cases when the level of calcium in the
diet is marginal (2.75%, Roland et al., 1985; Roland,
1989b) and seems greatest in elevated environmental
temperature (Keshavarz, McCormick, 1991). The fre-
quency of positive responses is not affected by the level
of sodium zeolite (77% and 74% for levels of 0.75 and
1.5% zeolite in the diet, respectively).

Sodium and chloride adjustment has been carried
out to correct for the increase in dropping moisture
observed after the addition of Na zeolite (Roland,
1989b). Correcting for Na has no influence on the hen
response to sodium zeolite and is ineffective in restor-
ing the dropping moisture to normal (Keshavarz,
McCornick, 1991) which may be affected, conse-
quently, by the supply of aluminium (0.15%) or silicon
(0.18%) following the supplementation of 1% zeolite.
The combination of sodium zeolite with particulate cal-
cium maintains a positive response suggesting that they
may affect shell quality by different ways. The lack of
effect of sodium zeolite on bone mineralization or on
the plasma level of phosphorus during the laying cycle
in opposite to the changes induced by particulate cal-
cium confirms this hypothesis.

It is noteworthy that the attribute of zeolite which is
responsible for its positive effect is still controversial.
It may exert its effect by its ion-exchange capacity as
supported by the disappearance of the beneficial effect
when zeolites of similar formula but little cation-ex-
change capacity are used. However, Roland et al.
(1993) show that sodium zeolite is solubilized in the
intestine and consequently loses its physical properties.
Aluminium salt (0.15%) has no influence on shell qual-
ity but decreases the phosphorus availability which
may explain the negative effect of sodium zeolite on
hen performance when the level of phosphorus is mar-
ginal in the diet. In the opposite, this antagonism may
influence positively shell quality at high levels of phos-
phorus (0.7%) which were used in part of the first tri-
als. Moreover, aluminium is known to be toxic to hens:
egg production decreases in quail when 0.15% Al is
added to the diet and is interrupted at a level of 0.3%
(Hussein et al., 1988). This observation and the intes-
tinal absorption of 10 to 25% of aluminium and 40%
of silicon from sodium zeolite in laying hens (Roland
et al., 1993) may limit the use of such an additive.
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Natural zeolite has the composition Ca
NayK4(A10,)6(Si0,)30.24H,0. It has no ion-exchange
capacity and is more stable than synthetic zeolite which
may explain the lack of positive effect of natural zeo-
lite, on shell quality.

NUTRITIONAL MEANS TO IMPROVE EGGSHELL
QUALITY IN HENS EXPOSED TO HIGH
TEMPERATURES

Optimum ambient temperature for production by
laying hens is about 24 °C (Mardsen, Morris, 1987).
Heat acclimation of bird occurs mainly by a reduction
in heat production as the capacity of the birds to in-
crease heat losses is limited (Geraert, 1991). Conse-
quently, the only means for the birds is to decrease feed
consumption. Above 30 °C, feed consumption or
metabolizable energy intake and, as a consequence,
body weight, egg production and egg weight decrease
in hens exposed to constant high temperatures. The
decrease in feed intake induced by high temperature
reduces calcium intake and partly explains the reduc-
tion in eggshell quality induced by high constant tem-
peratures. The decrease in eggshell quality is lower
when hens are subjected to cycling daily temperature
as compared to constant high temperature (Deaton et
al., 1982, De Andrade et al., 1977). This is especially
so when the lowest daily temperature is inferior to
25 °C. The decrease in shell quality is, however,
greater when heat exposure is during the day than when
it is during the night (Wolfenson et al., 1979). Abrupt
increases in temperature induce an immediate decline
in shell quality (Miller, Sunde, 1975; Wolfenson et al.,
1979) and this before any change in feed intake occurs.
It is, therefore, likely that physiological modifications
induced by hyperthermia are responsible for part of the
decline in shell quality. Heat stress induces panting and
respiratory alkalosis (Mongin, 1978). The high rate of
respiration decreases the carbon dioxide content of the
blood and induces a higher blood pH. Bicarbonate ions
are, therefore, eliminated by the kidney to restore the
normal pH value. The decrease in carbonic anhydrase
activity (Goto et al., 1979) and blood flow (-40%,
Wolfenson et al., 1981) in the uterus also contribute to
reduce deposition of shell material.

The addition of sodium bicarbonate to the diet has
been used in attempts to correct the decline in bicar-
bonate and carbon dioxide blood levels observed at
high temperatures but no improvement in shell quality
was observed (Sauveur, Picard, 1987; Grizzle et al.,
1992). Carbon dioxide enriched air increases shell
quality as demonstrated 30 years ago (Franck, Burger,
1965; Mongin, 1968 — cit. Sauveur, Picard, 1987) but
could not be used practically because of the need to
reduce ventilation. However, drinking of carbonated
water during periods of hot weather (35 °C) improves
eggshell quality (Odom er al., 1985; Koelkebeck er al.
1992 — Koelkebeck et al., 1993) but this finding was
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not confirmed in a third experiment (Koelkebeck et al.,
1993).

The use of coarse calcium particles restores partly
the decline in eggshell quality and could increase the
feed consumption in hot environments. Introduction of
a midnight lighting may also be favourable by allowing
feed and calcium consumption (Grizzle et al., 1992).
Na zeolites also improve shell quality at high tempera-
ture environments. The positive effects of these nutri-
tional factors are higher in hot environment as com-
pared to normal temperatures.

Vitamin C has been reported to have beneficial ef-
fects on eggshell quality in hens exposed to high tem-
perature (Njoku, Nwazota, 1989) but the results in the
literature are inconsistent.
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