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SIMULTANEOUS ESTIMATION OF THE COVARIANCE
STRUCTURE OF FIELD AND STATION TEST TRAITS
IN SLOVAKIAN PIG POPULATIONS

SIMULTANNY ODHAD KOVARIANCNEJ STRUKTURY
UKAZOVATELOV MERANYCH V POLLNOM A STANICNOM TESTE
OSIPANYCH NA SLOVENSKU

E. Groeneveld', D. Pegkovicova®

Institute of Animal Science and Animal Behaviour Mariensee, FAL, Germany
2Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: The (co)variance matrices and genetic parameters for five production traits in pigs were estimated for breeds
White Improved (WI) and White Meaty (WM) in Slovakia. The field test traits ultrasonic backfat (BFFT) and average daily
gain (ADGFT) measured on boars and gilts at farms (1992-1995) and average daily gain at station (ADGST), percentage of
valuable cuts (VC) and backfat thickness (BFST) measured at the stations during the period 1986-1995 were used in this
analysis. A completely random animal model (except the fixed SEX effect) with different models for different traits was used
to estimate 48 (co)variance components using VCE program separately for each breed. The heritabilities calculated as ratios
of variance estimations were 0.33 (BFFT), 0.13 (ADGFT), 0.23 (ADGST), 0.50 (VC). 0.39 (BFST) for WI breed and 0.26
(BFFT), 0.16 (ADGFT), 0.19 (ADGST), 0.43 (VC), 0.28 (BFST) for the smaller breed WM. The genetic correlations between
daily gain at field and station were 0.42 and 0.67 for WI and WM breed and 0.53 and 0.49 for backfat at the field and station
test. Rather high values (around 0.30) of variance ratios for herd x year x season for field test traits BFFT and ADGFT were
found.

Keywords: pigs: field test: station test: covariance matrices; genetic parameters; REML

ABSTRAKT: Prispevok sa zaoberd odhadom (ko)varianénych matic a genetickych parametrov pre piit produkénych znakov
oSipanych plemien biele uslachtilé (BU) a biele misové (BM) na Slovensku. Do analyzy boli zaradené dva ukazovatele
merané v polnom teste (tzv. test vlastnej tZitkovosti) v obdobi 1992-1995 — hribka chrbtovej slaniny merand ultrazvukom
(BFFT) a priemerny denny prirastok (ADGFT), a tri produk¢&né ukazovatele merané v teste SVIJH (1986—1995) — priemerny
denny prirastok v teste (ADGST), percento cennych misovych Casti (VC) a hribka chrbtovej slaniny (BEST). Pouzity bol
pitznakovy animal model s roznymi Statistickymi modelmi pre rézne ukazovatele. Odhady 48 kovarianénych komponentov
boli robené pomocou programu VCE pre kaZzdé plemeno zvlas(. Odhady heritabilit pre sledované ukazovatele boli 0,33
(BFFT). 0,13 (ADGFT). 0.23 (ADGST), 0.50 (VC), 0,39 (BFST) pre plemeno BU a 0,26 (BFFT), 0,16 (ADGFT), 0,19
(ADGST), 0,43 (VC), 0,28 (BFST) pre mengie plemeno BM. Genetické korelicie medzi priemernym dennym prirastkom
v polnom teste a teste SVJH boli 0,42 (BU) a 0,67 (BM), genetické korelicie medzi hribkou chrbtovej slaniny v polnom
teste a teste SVJH boli 0,53, resp. 0,49 pre BU, resp. BM. Spolu s nizkymi hodnotami heritability sme zistili pomerne vysoky
podiel (hodnoty okolo 0.30) negenetickych efektov chov x rok x sezona na variabilite znakov meranych v polnom teste.

KItcové slovi: oSipané: polny test; stani¢ny test; kovarianéné matice; genetické parametre; REML

INTRODUCTION

In animal breeding, selection of parents of the next
generation is based on their predicted breeding value.
Selection indices currently used for selection of pigs in
Slovakia do not account for environmental effects such
as herd, year and season and other non genetic effects.
Best lincar unbiased prediction (BLUP) in the frame-
work of mixed model methodology using an animal
model has been widely accepted for genetic evaluation.
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BLUP requires the knowledge of the variance covari-
ance matrices of the model. These are hardly ever
known in practical situations and have to be estimated.
For Slovak pig populations, only the genetic parame-
ters from univariate ANOVA type analyses without re-
lationship have been available before (Flak et al., 1990;
Honko et al., 1992).

The aim of this paper is to present the simultaneous
estimates of covariance matrices and genetic parame-
ters for traits measured under field test conditions at
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farms and at the test stations for the most numerous pig
breeds in Slovakia, White Improved (WI) and White
Meaty (WM) using the multivariate Restricted Maxi-
mum Likelihood (REML) method. The statistical
model and (co)variance matrices obtained will be used
in genetic evaluation of pigs in Slovakia, which is cur-
rently being introduced.

MATERIAL AND METHOD

Data

Field and station test data were available from the
computing center of the State Breeding Institute of the
Slovak Republic. On farm field test data included ul-
trasonic backfat (BFFT) measurements on boars and
gilts between 80-120 kg and 70-110 kg, respectively.
Furthermore, the weight at the end of the field test
(WOFFT) and the average daily gain (ADGFT) were
recorded. Field test records from 1992 to 1995 were
used in this analysis.

. General statistics — WI breed

The data sets from the test stations were collected
during the period 1986-1995. Boars and gilts were
tested at three stations, fed ad libitum. The test period
was from 30 kg to 100 kg live weight. After slaughter-
ing carcass data were recorded according to the State
Breeding Institute protocol (Anonymous, 1992). The
traits already used now in the selection index were also
chosen for genetic analyses here. They are average
daily gain in station test (ADGST), percentage of valu-
able cuts (VC), and backfat thickness in ¢cm (BFST).
Weight of the cold carcass side (WST) in kg was used
as a covariable in the model for BEST. General statis-
tics including number of data records, mean and stan-
dard deviations for all five traits and covariables in-
cluded in the analysis are given in Table I and II for
WI and WM respectively. The pedigree data sets con-
tained 31,471 animals for WI and 9,789 for WM breed.
Obviously, the field and station test records are mutu-
ally exclusive.

Statistical model and methods

The five trait animal model with individual models
for each trait was used for the estimation of the covari-
ance matrices. The multivariate animal model and data

Trait n Min Max Avg 5
BFFT (cm) | 12773 0.67 2.67 1.41 0.26
ADGFT (g) | 12773 | 333.0 796.0 | 514.5 51.6 I1. General statistics — WM breed
ADGST (g) | 11 114 | 543.0 | 1373.0 | 850.6 108.1 .
Trait n Min Max Avg K
vC (%) | 11114 | 3573 61.03| 48.07 3.03
BFFT (cm) 3827 0.73 2.63 151 0.30
BFST (cm) 14 1.00 4.00 233 0.38
ADGFT (g) 3827 | 340.0 | 805.0 | 531.8 61.9
WOFFT (kg) 12773 70.00 130.00| 102.61 10.90
ADGST (g) 3231 560.0  ]1346.0 8419 105.6
WST (kg) [ 11 114 | 33.50 47.50( 3951 1.52
vC (%) 3231 38.71 57.21 47.34 2.80
BFFT — ultrasonic backfat thickness measured in the field test, BFST (cm) 3231 1.20 3.90 2.36 0.34
Al.)GFI'.- nvernge daily gain in the field l.esl.“ADGST - :werfge WOFFT (kg) 3827 80.00 | 130.00 | 101.44 12.05
daily gain at station, VC - per ge of cuts at
station, BFST — backfat thickness at station test. WOFFT — weight WST  (kg) | 3231 35.00 | 44.00 | 39.38 1.42
at the end of field test, WST — weight of cold carcass side at station,
Avg - average, s — standard deviation See Table | for explanation of symbols
I11. Statistical model
Type Number of levels
Effect BFFT ADGFT ADGST vC BFST
of effect WM w1
WOFFT C 1 1 X - - - -
WST C | 1 - - - - X
Animal A 9 789 31471 X % X X X
SEX F 3 3 X X X X X
Litter R 4163 13 350 X X X X X
hysft R 51§ 1 457 X X = - =
stys R 118 252 - - X X X

C - covariable, F - fixed effect, A — random genetic effect, R - random environmental effect. WOFFT — weight at the end of the field test
(covariable). WST — weight of the cold carcass side (covariable). SEX - fixed effect of sex. animal — random effect of the animal. litter —
random environmental litter effect. hysft — random herd x year x season effect of the field test, stys — random station x year x season of the

station test

See Table 1 for explanation of the other symbols
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structure for both breeds is given in Table III, where C
means the covariable, A — random genetic effect with
additive relationship matrix, F - fixed effect, R — non
genetic random environment effect. In matrix notation,
the model can be presented in the following form:

y=XB+Zh+Zs+Zl+Za+e

where expectation and covariance matrix can be written
as follows:

4 xp]| V R %G, 26, 2G, 2,6,
7 0| RuRY 0 u0.. 01040
roull o Gz,0 G, 0 0 0
s 0flgz.o 0 G, 0 0
/ of [ gz on. 006 110
o | L T )

V=R+2/6,2,+26 2 +2,G,Z,

R=@]_ Ry,
G, =1,®G
G.=1®G
G.=1,®Gy
G,=A®G,

— vector of observation

- incidence matrix for fixed effects,
hysft, stys, litter effects and animal ef-
fect

where: y
X,2,72.2,.2,

B.h s a - vector of unknown parameters for
above effects

[3 - residual vector

A - additive genetic relationship matrix

R, - residual covariance matrix between
traits of order 5

Gy Gy Gpy — covariance matrices for stys effect,

hysft or litter
G, — matrix of additive genetic covariances
between traits of order §

I.L. 1, — identical matrices of order equal num-
ber of levels in stys. litter or hysft
®, & - Kronecker product and direct sum

The animal model for field test contained fixed ef-
fect of sex (SEX), random environmental litter effect
(litter), random herd x year x season of the field test
(hysft) effect and random additive genotype value of
the animal (animal). As the ultrasonic back fat values
are measured on animals from 70 to 120 kg weight, the
covariable weight at the end of field test (WOFFT) was
included in the model for this trait. Two month periods
were used for coding the season effect in hysft (January,
February, equal Ist season; March, April, as 2nd season
etc.).The fixed effect of SEX (boars and gilts at field
test and castrate and gilts in the station), the random
effect of test station x year of test x bimonth season
(stys), litter effect, additive genotypic value — the ran-
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dom effect of animal with additive relationship matrix
were included in the linear mixed models for average
daily gain on test and valuable cuts. Fixed effects com-
mon to all traits and covariable WST were used in models
for back fat thickness.

The model equations for the test station traits do not
include the herd of origin effect. Single trait analyses
showed that the herd of origin has little effect on these
traits (the herd variance ratios were around 0.02%).
Restricted maximum likelihood method (REML) and
optimization by a quasi Newton algorithm with analy-
tical gradients (Neumaier, Groeneveld, 1998) as imple-
mented in VCE 4.0 program (Groeneveld, Garcia, 1998)
were used to estimate the (co)variance structure sepa-
rately for each breed.

RESULTS AND DISCUSSION
Computing issues

As the model used was completely random (except
the fixed effect of sex and covariables used for backfat
at field and station), covariance matrices with compli-
cated structure had to be estimated. According to the
model structure, 48 parameters were estimated simultane-
ously, resulting in an equation system with 227,792 equa-
tions and 2,957,661 nonzero elements (in half stored
format) for the WI breed with the respective numbers
for the WM breed being 71,161 and 900,293. Conver-
gence was reached after 90 and 107 iterations for WI
and WM respectively. The CPU time used for the big-
ger job (WI breed) was 14 hours on a 200MHz Pentium
Pro with 512 MB RAM running VCE 4.1 under Linux.

Notes on the statistical model

There is no general answer to the question if envi-
ronmental effects like herd, year, season or station,
year, season, should be considered as direct or as com-
posite effects. The answer depends on the data structure
(if the data sets were randomly chosen and are repre-
sentative for the population) and distribution of data
across the effects. We preferred using random effects
with interactions herd x year x season at field (hysft)
and station x year x season effects for field and station
traits, respectively. Comparing the model with random
herd effect and fixed year x season effect to the model
with random hysft (both analyses produced on WM
breed), we calculated the variance ratio for herd 0.17
(BFFT) or 0.15 (ADGFT) and variance ratio for hysft
0.34 (BFFT) or 0.31 (ADGFT). While general herd
effects over time certainly exist, its effect will be modi-
fied by temporary influences such as an outbreak of
influenza or some other detrimental condition. This
situation will result in a herd x time interaction which
can conveniently be modelled by including a compos-
ite herd x year x season effect into the model. Schmutz
(1996) claimed that using random hys effect gives more

147



accurate estimations of breeding values especially
when the number of animal per subclass is less than 10.
In our analyses hysft groups consisted at least of 10
records. Hysft classes can be viewed as a random sam-
ple from the wider population of classes. This lead us
to define this effect as random.

Covariance matrices and genetic parameters

Heritabilities and genetic correlations between the
analyzed traits are given in Table IV and V for WI and
WM breed respectively. Tables VI and VII contain the
variance ratios and covariances for random environ-
mental effect hysft, stys and random litter effect. As
hysft effect was included in the models for field test traits
BFFT and ADGFT, only the (co)variances (2 x 2 mat-
rices) for these traits were estimated. Similarly, the
(co)variance matrices and variance ratios for stys were
only defined in station test traits model equations
(ADGST, VC and BFST). With two groups of traits

each measured on a different set of animals no covariance
is defined between them. This results in separate con-
tribution of the field test and station test datasets — each
with their own residual covariance matrice to the mixed
model equations. In our case their dimension is 2 x 2
and 3 x 3 for field test and station test, respectively.

The estimated covariance matrices on the natural
scale are given in Tables VIII and IX for the WI and
WM breed. Standard errors of heritabilities were around
0.01-0.02 for both breeds. Those for the genetic corre-
lations were around 0.02-0.03 for the bigger WI breed,
while the standard errors of genetic correlations for
smaller WM breed were 0.03 to 0.09. Here the higher
standard error values above 0.05 were found in corre-
lations between station and field test traits.

For the field test traits, the heritabilities for backfat
in the field were 0.33 and 0.26 for WI and WM, respec-
tively, and 0.13 or 0.16 for average daily gain with low
values for the genetic correlation (0.09 or 0.15 for WI
or WM, respectively) between them. The heritability

IV. Heritabilities (on the diagonal) and genetic correlations (above) V. Heritabilities (on the diagonal) and genetic correlations (abovel)
for WI breed for WM breed
BFFT | ADGFT | ADGST vc BFST BFFT | ADGFT | ADGST vc BFST
BFFT 0.33 0.09 -0.10 -0.52 0.53 BFFT 0.26 0.15 -0.15 -0.55 0.49
ADGFT 0.13 0.42 -0.14 0.02 ADGFT 0.16 0.67 -0.08 0.05
ADGST 0.23 0.06 -0.02 ADGST 0.19 0.09 0.09
vc 0.50 -0.74 vC 0.43 -0.52
BFST 0.38 BFST 0.28

See Table I for explanation of symbols

VI. Variance ratios (on diagonal) and correlations (above) for lirter,
hysft and stys effects — WI breed

See Table 1 for explanation of symbols

VII. Variance ratios (on diagonal) and correlations (above) for litrer,
hysft and stys effects WM breed

Litter BFFT | ADGFT | ADGST | VC | BFST Litter BFFT | ADGFT | ADGST | vC | BFST
BFFT 0.14 0.20 0.25 -0.31 -0.39 BFFT 0.1 0.15 0.41 0.85 0.75
ADGFT 0.26 0.20 0.00 0.23 ADGFT 0.31 -0.04 0.58 0.36
ADGST 0.22 0.68 -0.43 ADGST 0.30 0.53 -0.28
vc 0.02 0.31 vC 0.01 0.60
BFST 0.02 BFST 0.02
hysft BFFT | ADGFT | ADGST | VC | BFST hysft BFFT | ADGFT | ADGST | vC | BFST
BFFTtL 0.23 0.16 - - - BFFT 0.34 0.42 - - -
ADGFT 0.34 - = = ADGFT 0.31 - - -
ADGST - = - ADGST - - -
ve - - ve i Y
BFST - BFST -
stys BFFT | ADGFT | ADGST | VC | BFST stys BFFT | ADGFT | ADGST | VC | BFST
BFFT - - - - = BFFT = 5 - = =
ADGFT - - - - ADGFT = = = -
ADGST 0.14 0,11 0.23 ADGST 0.13 -0.09 -0.08
vC 0.11 0.07 vC 0.15 -0.28
BFST 0.10 BFST 0.17

See Table 1 and 111 for explanation of symbols
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VIII. (Co)variance matrices for W1 breed

IX. Covariance matrices for WM breed

Effect BFFT | ADGFT | ADGST vC BFST Effect BFFT | ADGFT | ADGST vC BFST
Residual 0.012 0.706 - - - Residual 0.014 0.682 - - -
0.706 | 660.241 - - - 0.682 | 540.204 - - -
- - 4516.866 | -51.898 | 6.601 - - 4212316 | ~38.483 4.180
- - -51.898 3.009 | -0.163 = = -38.483 2815 | -0.161
- - 6.601 | -0.163 | 0.066 = - 4.180 | -0.161 0.057
Animal 0.014 0.193 -0.635 | -0.123 | 0.014 Animal 0.012 0.329 =0.770 | =0.104 0.009
0.193 | 328.832 [ 389.785 | -5.020 | 0.098 0.329 | 417.087 | 612.760 |+ -2.841 0.158
-0.635 | 389.785 | 2661.658 6.544 | -0.224 =0.770 [ 612.760 | 2024.606 6.963 | 0.724
-0.123 -5.020 6.544 4.099 | -0.341 -0.104 -2.841 6.963 2922 | -0.152
0.014 0.098 -0.224 | -0.341 0.051 0.009 0.158 0.724 | -0.152 0.029
Litter 0.006 0.391 0.997 | -0.010 | -0.002 Litter 0.005 0.297 1.677 0.017 ():()()2 ‘
0.391 | 633314 | 256.675 0.011 | -0.323 0.297 | 799.615 [ -68.586 4459 | 0410
0.997 | 256.675 [ 2550.465 [ 14.857 | -1.219 1.677 | -68.586 | 3228.217 8.166 | —0.644
=0.010 0.011 14.857 0.187 0.007 0.017 4.459 8.166 0.074 0.007
-0.002 | -0.323 -1.219 0.007 { 0.003 0.002 0.410 -0.644 0.007 | 0.002
hysft 0.010 0.460 - - - hysft 0.016 1.492 - - -
0.460 | 830.841 - - - 1.492 | 794.742 - - -
stys - - - - - stys - - - - -
- - 1626.577 | -4.313 | 1.055 - - 1392949 | -3.551 | -0.384
- - -4.313 0.924 | 0.007 = = -3.551 1.026 | -0.038
- - 1.055 0.007 | 0.013 = - -0.384 [ -0.038 0.018

See Table T and 111 for explanation of symbols

estimates for field test traits were lower than those cal-
culated by other authors. Higher values of about 0.3-0.4
were found by Ducos (1993). Similarly, low heritabili-
ties were found by Groeneveld et al. (1998) in four pig
breeds in Czech Republic for daily gain in the field
(0.11-0.14), and in Hungarian pig population
(Groeneveld et al., 1996). According to the last author,
the low heritability estimates together with low genetic
response support the view that there were problems
with the accuracy of recording. This may also be the
case here.

The heritabilities of the station test traits for WI
breed (0.23, 0.50 and 0.38 for ADGST, VC and BFST)
were higher than those estimated for WM breed (0.19,
0.43, 0.28). The heritabilities estimated for average
daily gain at station agree better with other authors’
results (Ducos et al., 1993; Schmutz, 1996; Groeneveld
et al., 1996, 1998). The heritability for valuable cut
percentage around 0.50 were similar to the values cal-
culated by Hofer (1990), Schmutz (1996), Ducos (1993),
who reported the values from 0.40-0.60. Groeneveld et
al. (1998) estimated lower values lower than 0.40 for
heritability of valuable cuts in Czech population of pigs.

A strong negative genetic correlation was estimated
between the percentage of valuable cuts and backfat at

CZECH J. ANIM. SCL., 44, 1999: 145-150

See Table I and T1I for explanation of symbols

station. The values were —0.74 and —0.52 for the WI
and WM breed, respectively. Covariances and genetic
correlations between field and station-test traits are es-
timated on the basis of genetic links between environ-
ments. The genetic correlations between the corre-
sponding station and field test backfat traits were 0.53
and 0.49 for WI and WM respectively. Similar values
were estimated for genetic correlations between daily
gain in the two testing environments (0.42 for WI and
0.67 for WM). Genelic correlations between daily gain
in field and test station (about 0.50) are similar to the
results of Groeneveld et al. (1998).

A large proportion of variability (from 23% to 34%)
of the field test traits BFFT and ADGFT is caused by
environmental effect hysft. These high values of vari-
ance ratios for nongenetic environmental effect together
with low heritabilities may indicate some problem with
the accuracy of recording, especially in daily gain. Vari-
ance ratios for stys effect in station test traits were from
0.10 to 0.14 (WI breed) and from 0.13 to 0.17 (WM
breed).

The highest variance ratios for the litter effect
(around 0.25 for WI, and around 0.30 for WM breed)
were found for the daily gain traits (ADGFT. ADGST).
The values of the litter ratios for backfat measured at
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field test were above 0.10 (0.14 in WI breed and 0.11 in
WM). The values of litter ratios for other station traits
VC and BFFT were low (0.01 and -0.02).

CONCLUSION

The heritabilities of station and field daily gain are
uncommonly low. Here it seems advisable to look into
the data recording process to find the reason. Currently,
we see no genetical reason why the heritabilities — par-
ticularly at the station — should be this low. An increase
perhaps due to improved recording would certainly speed
up the selection response.

It is still not uncommon to perform a separate ge-
netic evaluation on station and field test traits. How-
ever, for the datasets under consideration this is clearly
suboptimal. The magnitude of the genetic correlations
vendors a joint evaluation more efficient, as considerable
additional information can be obtained in predicting sta-
tion test BLUPs from field test records and vice versa.

The covariances obtained for the WI breed are based
on a sufficiently large data set. Accordingly, the stan-
dard errors are small. Thus, these covariance matrices
will be used for BLUP genetic evaluation as they are.
The dataset of the WM breed is much smaller resulting
in larger standard errors. With this in mind the differ-
ences in genetic correlations between the two breeds
are within the range indicated by the standard errors.
However, the heritabilities are sufficiently different to
lead us to the conclusion that the covariance structure
is indeed not identical. Consequently we decided on
using the WM covariance matrices as they are in the
routine BLUP genetic evaluation.Once more data are
available the parameters should be reestimated and the
covariance matrices used be adapted.

Apart from the breeds discussed groups for a num-
ber of smaller breeds exist for which genetic evaluation
have to be performed. Because these populations are
too small to estimate their covariance structure, their
genetic evaluation will be done jointly with the WM on
the basis of its parameter set. An additional breed effect
will account for the breed differences.
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UCINOK INHIBITOROV PROTEAZ V SOJI
NA AKTIVITU CHYMOTRYPSINU V TENKOM CREVE
HOSPODARSKYCH ZVIERAT

THE EFFECT OF SOYA PROTEASE INHIBITORS ON THE ACTIVITY
OF CHYMOTRYPSIN IN SMALL INTESTINE OF FARM ANIMALS

R. Kastel, M. Tuckova, M. Bartik

University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: Influence of soya protease inhibitors was studied with respect to the activity of chymotrypsin in small intestine
of clinically healthy 8 hens (Shaver, 16 months old, weighing 1.5-2.0 kg); 7 calves (Slovakian Pied cattle, 10 days old.
weighing 35-44 kg); 6 crossbred pigs (Landrace + Slovak White Improved, 4 months old, weighing 35-40 kg). The exocrine
function of pancreas was estimated by indirect assessment of chymotrypsin activity by estimation of p-aminobenzoic acid
concentration (PABA) in blood plasma released from administered 4(N-acetyl-L-tyrosyl)-aminobenzoic acid (ALTAB) as
substrate by HPLC method (Figs. I, 3, 4. 5). At the beginning of the experiment, 250 mg of the ALTAB substrate per kg of
live weight was given to animals after 24 h of starvation. Three hours after substrate administration, blood samples were
obtained for estimation of PABA. Seven days after the administration of soya flour added to the animals feed (100 g/calve/day;
570 g/pig/day: 120 g/hen/day) the PABA was estimated under the same conditions as at the beginning of the experiment.
Feeding of soya flour to calves (P < 0.05) and hens (P < 0.05) significantly increased the plasma levels of PABA (calves
16.0 + 1.3 umol.I™" before and 27.5 % 3.3 pmol.I”! after supplementary feeding of soya flour; hens 203.8 + 31.6 pmol.I™!
before and 349.2 + 18.3 },lmol.l'l after supplementary feeding of soya flour). Feeding of soya flour to pigs significantly (P < 0.01)
decreased plasma levels of PABA from 174.8 + 18.2 umol.I”! to 33.1 + 3.1 umol.I"! (Fig. 6). which manifests the significant
inhibition of chymotrypsin activity in the small intestine because pancreas of pigs, unlike in calves and hens, does not enlarge
in response to protease inhibitor consumption.

Keywords: protease inhibitors; soya; hens; calves; pigs; chymotrypsin; p-aminobenzoic acid; HPLC

ABSTRAKT: Bol sledovany vplyv inhibitorov protedz obsiahnutych v sdji na aktivitu chymotrypsinu v tenkom ¢reve u kli-
nicky zdravych 8 sliepok (hybrid: Shaver, vek: 16 mesiacov, hmotnost: 1,5-2,0 kg); 7 teliat (plemeno: slovenské strakaté,
vek: 10 dni, hmotnost: 35-44 kg): 6 oSipanych (kriZzence plemien landrase + slovenské biele uslachtilé, vek: 3-5 mesiacov,
hmotnost: 35-40 kg). ‘Exokrinnd funkcia pankreasu bola sledovand metodou nepriameho stanovenia aktivity chymotrypsinu
in vivo stanovenim koncentricie p-aminobenzoovej kyseliny (PABA) v krvnej plazme uvolnenej z podanej 4(N-acetyl-L-ty-
rozyl)-aminobenzoovej kyseliny (ALTAB) ako substratu metédou HPLC. Zvieratim bol na zaCiatku experimentu po 24-ho-
dinovom hladovani podany substrit ALTAB v mnoZstve 250 mg/kg Zivej hmotnosti. Tri hodiny po podani substritu im bola
odobratd krv na stanovenie PABA. Po 7-dilovom poddvani krmiva s pridavkom séjovej mucky (100 g/tela/dei; 570 g/pra-
sa/deii; 120 g/sliepka/dei) bola stanovovand PABA za rovnakych podmienok ako na zaCiatku experimentu. Skrmovanie sojovej
micky u teliat a sliepok spdsobilo signifikantné zvySenie koncentricie PABA v krvnej plazme (u teliat 16,0+ 1,3 |.|mul.|'l
pred podanim a 27,5 + 3.3 ],lmol.l’l po podani sdje; u sliepok 203.8 + 31,6 umol.l'l pred podanim a 3492 * 183 |.1mo|.l'l po
podani soje, P < 0,05). U oSipanych spdsobilo skrmovanie s6jovej micky signifikantné zniZenie koncentricie PABA v plazme
zo 1748 £ 18,2 ,,lmol.l'l na 33,0+ 3,1 umol.l" (P < 0,01), ¢o sved¢i o vyraznej inhibicii aktivity chymotrypsinu v tenkom
¢reve. Pankreas prasiat oproti telatim a sliepkam nereaguje zvii¢Senim sa na privod proteazovych inhibitorov krmivom.

KIicové slovi: inhibitory protedz; s6ja; sliepky: telatd; ofipané; chymotrypsin; kyselina p-aminobenzoova; H?LC

UvoD nepriama metéda, zaloZend na podavani syntetického
substratu 4(N-acetyl-L-tyrozyl)-aminobenzoovej kyseli-

Vysetrenie exokrinnej funkcie pankreasu pri skrmo-  ny (ALTAB) pre chymotrypsin s C-koncovou kyselinou
vani inhibitorov proteaz sa uplatiiuje pri poruchach tra-  p-aminobenzoovou (obr. 1). Tento substrat sa v tenkom
venia a vyuZitia Zivin v tenkom c¢reve zvierat. Na po-  Creve katalytickym uc¢inkom rozstiepi, pricom sa uvolni
stidenie exokrinnej funkcie pankreasu je velmi vhodna  kyselina p-aminobenzoova (PABA). MnoZstvo odstie-
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CH3—CO—NH-CH- CO-/{NH— @-COOH
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I/ CHYMOTRYPSIN

1. Schéma katalytického vplyvu chymotrypsinu na perorilny substrit
4(N-acetyl-L-tyrozyl)-aminobenzoovi kyselinu (ALTAB). Chy-
motrypsin Stiepi molekulu substritu a uvoliiuje kyselinu p-ami-
nobenzoovii (PABA) — Scheme of catalytic influence of chymotryp-
sin on the peroral substrate 4(N-acetyl-L-tyrosyl)-p-aminobenzoic
acid (ALTAB). Chymotrypsin splits the molecule of the substrate
and p-aminobenzoic acid (PABA) is released

penej PABA je imerné aktivite chymotrypsinu v reve
a odzrkadluje exokrinni funkciu pankreasu. Kyselina
p-aminobenzoova sa z ¢reva resorpciou dostiva do kr-
vi, Ciastoéne je metabolizovana v peceni a komplexne
vylu¢ovanda mocom.

Pre stanovenie PABA sme vypracovali modifikovani
metédu s vyuZitim vysokoucinnej kvapalinovej chro-
matografie (HPLC), ktord umoZiiuje $pecificky stano-
vit PABA v krvi, moci a truse hospodarskych zvierat
(Kastel et al., 1994). HPLC metdda je oproti klasickej
spektrofotometrickej metéde vyuZivajicej Bratton-Mar-
shallovu reakciu vyhodnejsia, pretoZe ja Specifickejsia,
jednoduchsia a efektivnejSia. Ako separaénid metéda
vylucuje vplyv inych aromatickych aminov. Vo veteri-
narnej praxi je vyhodnejSie stanovovat PABA v krvi
ako v moci zvierat, a to pre jednoduchost a nendroc-
nost odberu.

Nas novy metodicky postup spocival na stanoveni
PABA v krvi zvierat tri hodiny po podani syntetického
substratu ALTAB, pred ovplyvnenim a po ovplyvneni
pankreasu skrmovanim séje. Interval odberu krvi po
podani substritu ALTAB bol zisteny meranim zavis-
losti koncentricie PABA v krvi na Case po perordlnom
podani ALTAB.

Cielom price bolo zistit iCinky inhibitorov protei-
niz v s6ji na aktivitu chymotrypsinu v tenkom &reve
teliat, sliepok a ofipanych a overit, ¢i je uvedena me-
téda schopna detegovat zmeny aktivity chymotrypsinu
podmienené podanim séjového krmiva, ktoré obsahuje
inhibitory chymotrypsinovej aktivity.

MATERIAL A METODY

Zvieratd a kimenie

V pokusoch boli pouZité nasledovné, klinicky zdra-
vé zvierata:
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1) 8 sliepok vo veku 16 mesiacov — hybrid Shaver,
s hmotnostou 1,5-2,0 kg;

2) 7 teliat plemena slovenské strakaté vo veku 10 dni,
s hmotnostou 35-44 kg; ‘

3) 6 oSipanych vo veku 4 mesiace — kriZence plemien
landrase a slovenské biele uslachtilé, s hmotnostou
35-40 kg.

Zvierata boli kfmené takto:
1) sliepky — kfimna zmes NV-RM (Agrocas, KoSice);
2) tel'atd — mlie¢na zmes Laktavit B (Milk Plant, Kogice);
3) ofipané ~ kfmna zmes COS (Agrocas, KoSice).

V priebehu experimentu boli pocas 7 navykovych

dni kimené krmivom s pridavkom séjovej micky:

1) sliepky — kimna zmes NV-RM, ktord obsahovala
15 % s6jovej mucky, ¢im sa zvySil obsah N-latok
v zmesi zo 157 na 183 g/kg;

2) telatd — k mlie¢nej zmesi Laktavit B bolo pridanych
100 g sojovej macky pre telata na den;

3) osipané — zmes kukurice (1 330 g) a s6jovej mucky
(570 g); doplnok biofaktorov a minerdlna prisa-
da I (50 g).

Davky soje boli uréené na ziklade potreby SNL pre
jednotlivé druhy zvierat s prihliadnutim na ich vek.

Zvierati kimené krmivom bez pridavku sdje boli
podrobené 24-hodinovému hladovaniu, po ktorom im
bol podany substrit ALTAB v mnozstve 250 mg/kg
Zivej hmotnosti. Tri hodiny po podani substritu im bola
odobrana krv do skimaviek s heparinom — ofipanym
a telatdm z vena jugularis a sliepkam z vena ulnaris.

Nasledovalo sedemdiiové obdobie podéavania s6jo-
vej micky, kde po 7. dni opit nasledovalo 24-hodinové
hladovanie, po ktorom bol zvieratim podany substrit
ALTAB a odobrata krv za rovnakych podmienok ako
na zaciatku pokusu.

ANALYZY

Reagencie

Boli pouZité kyselina p-aminobenzoova a kyselina
m-hydroxibenzoova (interny $tandard), analyticky Cisté
z Loba Chemie (Viedeii, Rakiisko); synteticky substrat
kyselina 4(N-acetyl-L-tyrozyl)-aminobenzoova z f. Lé-
tiva (Praha, Ceska republika). Ostatné pouZité chemi-
kilie boli analyticky ¢isté z Lachemy (Brno, Cesk4 re-
publika).

Vysokoudinnid kvapalinovi chromatografia

Na stanovenie kyseliny p-aminobenzoovej v krvi
bol pouzity HPLC pristroj firmy Spectra Physics (Santa
Clara, Ca,, USA) model SP 8700. Analyzy boli robené
na reverznej kolone Separon SIX-C 18 (150 x 3,2 mm),
s Sum Casticami (Laboratérne pristroje, Praha, Ceska
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2. Chromatogram $tandardnej zmesi obsahuje (1) kyselinu p-aminoben-
zoovi (25 mg.ml"). (2) kyselinu m-hydroxybenzoovii (25 mg.ml") -

START

0,01 AUFS

Imin]

3. Chromatogram plazmy telati: (1) kyselina p-aminobenzoovi.
(2) kyselina m-hydroxybenzoova — Chromatogram of calf blood
| (1) p-aminobenzoic acid, (2) m-hydroxybenzoic acid

Chromatogram of standard mixture ¢ ing of (1) p-aminobenzoic
acid (25 pg.ml"). (2) m-hydroxybenzoic acid (25 p.g.ml")

republika). Pri izokratickom spdsobe elicie bola ako
mobilna faza pouZitd zmes metanolu a 0,02 mol.I"} oc-
tanu aménneho v pomere 20 : 80, pH 4,0, prietok
0,5 ml.min™" (tlak 13,5 MPa). Detekcia bola roben na
spektrofotometrickom detektore pri 280 nm.

Priprava vzoriek

Krvna plazma (1 ml) bola deproteinizovana pridav-
kom 0,5 ml 10% kyseliny trichléroctovej, ktord obsa-
hovala zname mnoZstvo interného §tandardu (IS) a bo-
la centrifugovana pri 900 otackach/min. Supernatant
bol 1 hodinu hydrolyzovany 4 mol.I”! NaOH pri 120 °C.
Po ochladeni bola k 0,1 ml hydrolyzatu pridana
0,5mmol.I”! kyselina aceténova v mnoZstve 0,9 ml. Na
kol6nu bolo nastreknutych 15 pl vzorky, ktord obsaho-
vala 0,18 mmol.I"! interného §tandardu.

Vysledky analyz boli Statisticky hodnotené Studen-
tovym t-testom. Variacny koeficient metody bol 1,1 %.

VYSLEDKY

Na obr. 2 je znazorneny chromatogram $tandardnej
zmesi obsahujicej PABA a kyselinu m-hydroxybenzoo-
vii (interny $tandard), obe v koncentracii 0,18 mmol.l'l.
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Start = start

ktory sved&i o dobrej separacii delenych substancii.
Chromatografické zaznamy analyz krvnej plazmy teliat
a hydiny po podani ALTAB st na obr. 3 a 4.
Skrmovanie sojovej micky, obsahujicej proteazové
inhibitory, ktoré vplyvaji na pankreas a na aktivitu chy-
motrypsinu v tenkom Creve, sme sledovali u teliat, oSipa-
nych a hydiny. Na obr. 5§ vidiet signifikantny rozdiel
v priemernej koncentracii PABA v krvnej plazme stano-
venej pred skrmovanim a po skrmovani séjovej micky
u teliat, o§ipanych a sliepok. Na zaciatku pokusu boli tie-
to hodnoty PABA v plazme: u teliat 16,0+ 1,3 umol.l",
u sliepok 203,8 + 31,6 umol.I”!, u osipanych 174.8 £
18,2 umol.l". Po skrmovani séje sme namerali u teliat
27,5 + 3,3 pmol.I"!, u sliepok 349,2 + 18,3 pmol.I™!
a u oSipanych 33,0 + 3,1 p.mol.l_'. Signifikantné zvy-
genie hodnot PABA v plazme teliat a sliepok sa preja-
vilo na hladine vyznamnosti P < 0,05. U oSipanych
doslo k signifikantnému zniZeniu koncentricie PABA
v plazme na hladine vyznamnosti P < 0,01. Na obr. 6
je znazornena zavislost aktivity chymotrypsinu na
mnozstve séjovej macky v inkuba¢nom roztoku.

DISKUSIA
Zmeny koncentracie PABA v krvi zvierat (uvolne-

nej z podaného peptidového substratu ALTAB), ktoré
sme zistili po skrmovani sdjovej micky, svedc¢ia o ov-

153



I———START
0,01 AUFS

0 Qilighdy 6 8 Imin]

400

4. Chromatogram plazmy kurciat: (1) kyselina p:
(2) kyselina m- hydroxybcnzoova - Chromalogmm of poultry blood
pl (D ic acid, (2) m-hydroxybenzoic acid

plyvneni proteolytickej aktivity v tenkom &reve a ov-
plyvneni exokrinnej funkcie pankreasu. Vplyv protea-
zovych inhibitorov pritomnych v skrmovanej séjovej
miuicke sa viak neprejavil rovnako u vietkych nami sle-
dovanych zvierat.

Privod proteazovych inhibitorov do zazZivacieho traktu -

sposobil vyrazné zvySenie aktivity chymotrypsinu
v tenkom Creve sliepok a teliat. Sved¢i o tom zvySenie
koncentricie celkovej PABA v krvi o 71 % u sliepok
a 0 72 % u teliat. Tieto vysledky potvrdzuji tdaje au-
torov Chernick et al. (1968) a Garlick et al. (1966),
Zhang, Parsons (1991), Zhang ef al. (1993) a Guen et
al. (1993), ktori vySetrovali velkost pankreasu a prote-
olyticku aktivitu v ¢reve po usmrteni kurciat kimenych
s6jou. Podla tychto autorov skrmovanie protedzovych
inhibitorov, v&itane séjového trypsinového inhibitoru
(SBTI), sposobuje zvicSenie pankreasu hydiny, ktory
na privod SBTI reaguje rychlo a vyrazne. ZvicSeny
pankreas vylucuje do tenkého Creva vicSie mnozstvo
proteolytickych enzymov. Dékazom tohto zistenia je aj
nami pozorované zvySenie koncentracie PABA v krvi
po skrmovani séjovej mucky. Rascon er al. (1985) zistili
medzidruhové rozdiely v inhibicnom vplyve extraktu
zo sOje na aktivitu trypsinu a chymotrypsinu u 12 dru-
hov Zivocichov.

U oSipanych do§lo naopak k opacnému efektu — skr-
movanie soje zniZilo koncentriciu PABA v krvi o 81 %,
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Start = start (umoLl") (priemernd hodnota * stredni chyba priemeru)
prasiat (n = 6), teliat (n = 7) a kurdiat (n = 6) — Concentration of
p-aminobenzoic acid in pmol.I”' (mean # standard error) in pig (n = 6),
calf (n = 7) and hen (1 = 6) plasma

3 - pred podanim surovej sdje — before supplementary feeding of raw
soya

~ po podani s j s6je — after suppl y feeding of raw soya
Kyselina p-aminobenzoovi bola vyhodnocovani pomocou HPLC
3 hodiny po podani 250 mg 4(N-acetyl-L-tyrozil)-p-aminobenzoovej
kyseliny na kg Zivej hmotnosti (P <005 " P<00l)- p-ami-
nobenzoic acid was evaluated by HPLC 3 hours after administration
of 250 mg 4(N-acetyl-L-tyrosyl)-aminobenzoic acid per kg of body
weight (P < 0,05, "* P < 0.01)

¢o svedCi o vyraznej inhibicii aktivity chymotrypsinu
v tenkom Creve. Toto zniZenie aktivity je spdsobené
ako tvorbou komplexu enzym-inhibitor, tak aj nereago-
vanim na privod proteazovych inhibitorov krmivom
zvicSenim sa. NaSe zistenie je v silade s udajmi autorov
Yen et al. (1977), Birk er al. (1989), Schulze er al.
(1993) a Guen et al. (1993), ktori vySetrovali pankreas
a aktivitu chymotrypsinu v obsahu ¢reva po usmrteni
ofipanych kimenych séjou. Zistili inhibiciu aktivit en-
zymov Creva a pankreasy nezvicSené. Pankreas krys, my-
§i, Skreckov a kurCiat sa zvicsi, ak ich krmivo obsahuje
tepelne nespracovany séjovy §rot (Hasdai, Liener,
1983).

Telata mali v porovnani s prasatami a sliepkami po-
merne niZ§ie hladiny PABA v krvi, ¢o sa da vysvetlil
bud niZSou aktivitou chymotrypsinu v tenkom c¢reve,
vyplyvajicou z moznych medzidruhovych rozdielov, od-
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6. Zavislost aktivity chymotrypsinu na mnoZstve inhibitora séje v in-
kubagnom roztoku — Dependence of chymotrypsin activity on the
amount of soya inhibitor in incubation solution

liSnym usporiadanim zaZivacieho traktu, alebo rozdiel-
nym vekom pokusnych zvierat. Krogdahl (1984) uva-
dza, Ze u mladat sd aktivity traviacich proteaz niZie.

Zistenia uvedeného autora sme potvrdili novym ne-
priamym postupom postdenia exokrinnej funkcie pan-
kreasu zvierat in vivo, pomocou perordlneho podania
substritu pre chymotrypsin s C-koncovou PABA, sta-
novenim katalyticky odstiepenej PABA v krvi pred poso-
benim a po pdsobeni inhibitorov pritomnych v séji na
pankreas zvierat.

Odlisné odpovede pankreasu na pdsobenie podanych
inhibitorov telatim a oSipanym v naSom experimente
nesthlasia s idajmi autorov Liener et al. (1985), ktori
klasifikuji o$ipané a telata spolu so psami ako zvierata
prezentujice skupinu, ktord na protedzové inhibitory
neodpoveda zvicienim pankreasu. Tieto rozdiely mozu
byt podmienené roznym obsahom proteinov v diéte te-
liat. Odpoved pankreasu na skrmované proteizové in-
hibitory zavisi od obsahu proteinov v krmive (Liener
et al., 1985).

Nase vysledky moZno vysvetlil tak, Ze u teliat
sposobuje skrmovanie proteazovych inhibitorov nefy-
ziologické zvicSenie pankreasu, ktoré vyvoldva zvySe-
nie produkcie pankreatickej $tavy, a tym aj mnoZstva
chymotrypsinu v tenkom Creve. U oSipanych sa zvy3e-
nie sekrécie pankreatickej $tavy nedostavuje. Podany
inhibitor (50 mg séjovej migky inhibuje 1 mg chymot-
rypsinu) inaktivuje urciti ¢ast chymotrypsinu pritom-
ného v tenkom Creve, a preto zaznamendvame aj zniZe-
ni koncentraciu PABA v plazme. Z toho usudzujeme,
Ze u oSipanych s6jové inhibitory pankreas priamo ne-
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poskodili a ani nestimulovali zvySenie produkcie pan-
kreatickej $tavy.

Zaverom moZno povedat, Ze pouZitd metéda sa osved-
¢ila, je schopnd detegovat zmeny aktivity chymotryp-
sinu podmienené podanim séjového krmiva obsahuji-
ceho inhibitory chymotrypsinovej aktivity a méZe byt
pouZitd pri diagnostikovani a §tiudiu choréb pankreasu
u zvierat.
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AGE EFF ECTS ON IN VITRO CAECAL FERMENTATION
IN RABBITS"

VLIV VEKU NA IN VITRO FERMENTACI V SLEPEM STREVE KRALIKU

M. Marounekl‘z, V. Fievez2, L. Mbanzamihigoz, D. Demeyerz, L. Maertens’

U Institute of Animal Physiology and Genetics, Academy of Sciences of the Czech Republic,
Prague-Uhrinéves, Czech Republic

& University of Gent, Department of Animal Production, Melle, Belgium

3 CLO-Gent, Research Centre for Small Stock Husbandry, Merelbeke, Belgium

ABSTRACT: Four litters of rabbits were sequentially slaughtered at the age of 4 (before weaning), 6, 8 and 11 weeks. Rabbit
caecal contents were diluted with buffer and incubated anaerobically for 24 and 48 h. Net productions of volatile fatty acids
(VFA), hydrogen and methane were determined. Whereas total VFA production was not influenced by the age of rabbits,
molar proportions of acetate and butyrate increased after weaning, with a concomitant decrease of propionate and isoacids
proportions. Fermentation shifts were more pronounced in cultures incubated for 48 h. Methane production started in one of
four rabbits at the age of 6 weeks. At the age of 11 weeks one of four rabbits still did not produce any methane. In all rabbits,
the hydrogen recovery and the methane/VFA ratio increased with the time of incubation. Our results suggest that the reductive
acetogenesis was partially replaced in the course of incubation by other hydrogen-consuming reactions, apparently by met-
hanogenesis in methane-producing rabbits. The concentration of soluble sugars in the culture fluid (ca 1 mg/ml) was not
greatly affected by the 48h-incubation, thus, factors other than the depletion of fermentable substrates may influence aceto-
genic activity. In a separate experiment, rabbit milk added at 4.8% (v/v) significantly decreased production of total VFA,
acetate, propionate, isoacids and methane in caecal cultures. No inhibitory effect of a corresponding mixture of the cow milk
fat, casein and lactose was observed.

Keywords: rabbit; caecal fermentation; weaning

ABSTRAKT: Krilici ze ¢tyf vrhi byli postupné poraZeni ve véku 4 tydni (pfed odstavem), 6, 8 a 11 tydni. Obsahy slepych
stfev byly zfedény pufrem a inkubovény za anaerobnich podminek 24 a 48 hodin. Zjiftovali jsme produkci tékavych mastnych
kyselin (TMK), vodiku a metanu. Zatimco celkové produkce metanu nebyla vékem krélikii ovlivnéna, molarni podily acetitu
a butyrdtu po odstavu vzrostly, za souasného sniZeni zastoupeni propiondtu a izokyselin. Zmény ve sloZeni metaboliti byly
vyrazngj$i v kulturich inkubovanych 48 hodin. Produkce metanu obsahem slepého stieva zatala u jednoho ze Ctyf kriliki ve
véku 6 tydnli. Ve véku 11 tydni jeden ze Ctyf krdlika stéile je$t€ neprodukoval metan. U viech kréliki rostly recovery vodiku
a pomér metan/TMK s dobou inkubace. Z naSich vysledk vyplyva, Ze v prabéhu inkubace byla reduk&ni acetogeneze z&isti
nahrazena jinymi reakcemi vyuZivajicimi vodik. U kralikd produkujicich metan je to pfedeviim tvorba metanu. Koncentrace
rozpustnych cukri v inkubaéni kapaliné (ca | mg/ml) nebyla dlouhou dobou (48 h) inkubace vyrazné ovlivnéna. Z toho Ize
piedpoklddat, Ze metabolickd aktivita mixotrofnich acetogennich bakterii neni ani pfi takto dlouhé inkuba&ni dobé omezovina
nedostatkem organickych substriti. Ve zvlaStnim pokuse jsme potvrdili, Ze krali¢i mléko obsahuje antimikrobialni litky, které
ovliviiuji mikrobidlni metabolismus v travicim traktu. Pfidavek krdli¢iho mléka v mnoZstvi 4,8 % (v/v) vyznamné sniZil
celkovou produkci TMK, produkci acetitu, propiondtu, izokyselin a metanu v kulturich stfevnich obsahli. Tento inhibiéni
acinek neméla odpovidajici smés mlééného tuku krivy, kazeinu a laktézy.

Kli¢ova slova: krilik; slepé stievo; fermentace; odstav
INTRODUCTION ents leaving the small intestine to volatile fatty acids
(VFA), gases (CO,, CH,), ammonia, and compounds
The caecum is the largest compartment and the main  incorporated into microbial cells. The VFA can make

site of the microbial metabolic activity in the digestive  up a sizeable proportion of the animals energy require-
tract of rabbits. Caecal microorganisms convert nutri- ment. The principal microorganisms in the caecum are

* This work was partially supported by the Grant Agency of the Czech Republic (project No. 524/97/1306).
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gram-negative bacteria (Straw, 1988). Numbers of gram-
-positive bacteria are lower. There is no report on the
presence of anaerobic fungi and protozoa; on the other
hand the rabbit caecum is colonized by yeast Cyni-
clomyces (formerly Saccharomycopsis) guttulatus
(Kockova-Kratochvilova, 1990).

The caecal microflora of suckling and adult rabbits
is considerably different. It has been shown that the
number of facultative anaerobes decreased sharply from
the second week of life and almost disappeared after
weaning. Non-sporulating anaerobic bacteria domi-
nated over other bacterial groups since the third week
of life (Gouet, Fonty, 1979). Methanogens appeared in
the rabbit caecum in the fifth week of life (Piattoni et
al., 1996). The fermentation pattern in the caecum re-
flects changes of the microbial metabolism. Piattoni er al.
(1996) observed the age-dependent shift from propion-
ate to butyrate and a progressive decrease of ammonia
production with age. The caecal fermentation plays a sig-
nificant role in the digestive physiology of the rabbit.
Digestive disturbances and associated mortality are
particularly important during the post-weaning period
(Gidenne, 1997). The aim of this work was to investi-
gate fermentation pattern in rabbits before and after
weaning in in vitro experiments using a batch incuba-
tion technique suitable for this purpose. Two incuba-
tion times were compared: 24 h and 48 h. The effect of
the rabbit milk on fermentation was investigated as well.
Results of previous experiments related to this study
were submitted for the publication elsewhere (Marounek
et al., 1999).

MATERIAL AND METHODS
Rabbits, diet and sampling

Rabbits from the dam line of the Research Centre
for Small Stock Husbandry were used. Four litters born
on the same day from multiparous does were chosen
for the experiment. At 29 days of age, rabbits were
weaned and kept together in a fattening cage. The same
standard reproduction diet was fed ad libitum to the
does and the young both before and after weaning. The
feed contained (%): lucerne meal — 32.3, soft wheat
middlings — 30.0, wheat — 12.0, soybean meal - 7.0,
flax hulls - 6.0, sunflower meal — 5.6, molasses — 4.0,
fat — 0.5, vitamin/mineral supplement — 2.6. Proximal
chemical composition on dry matter basis was as fol-
lows (%): crude protein — 18.6, ADF — 19.2, fat — 4.7,
starch — 17.6. Rabbits were slaughtered at the age of 4,
6, 8 and 11 weeks, between 8.30 and 11.30 a.m. For
any experimental age, one rabbit was slaughtered from
each litter. At the age of 4 weeks (one day before wean-
ing), however, two rabbits were slaughtered in order to
collect enough caecal contents for incubation. Immedi-
ately after slaughtering, the caecum was isolated by
tying off the three extremities with a string, to prevent
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movement of the digesta. The. caecal content was
squeezed out into a beaker under CO, flushing.

Incubation and analyses

Caecal contents were diluted five times with a buffer
solution at pH 6.9, containing NH;HCO; (1.41 g/l) as
N source (Burroughs e al., 1950). Twenty ml of di-
luted caecal contents were transferred into gas-tight in-
cubation flasks. Flasks were filled with CO, and incu-
bated in a shaking waterbath at 39 °C. The incubations
were done in duplicate for the two incubation times
(24 and 48 h). One sample was not incubated (blank)
and immediately mixed with 0.4 ml of H;PO,/JHCOOH
(10 : 1) to stop the fermentation. At the end of the
incubation, 2 ml of the fermentation gas were sampled
with a gas-tight syringe and analysed for methane and
hydrogen by adsorption gas chromatography (Marty,
Demeyer, 1973). Incubation was then stopped by add-
ing 0.4 ml of H3PO,/HCOOH, incubation fluid centri-
fuged (10 min/15 000 g), filtered and the filtrate was
used for VFA analysis by gas-liquid chromatography
(Marty, Demeyer, 1973).

Samples from the beginning (0 h) and the end (48 h)
of the last incubation were analysed for soluble sugars
by phenol-sulphuric acid method (Herbert er al., 1971)
and for reducing sugars according to Somogyi (1952).
The former method is based on H,SO4-mediated con-
version of soluble sugars to furfural or a derivative of
furfural. A colour is then produced by reaction of fur-
fural with phenol. Its intensity was measured at 488 nm.
The latter procedure includes reactions of reducing
sugars with a copper reagent and an arsenomolybdate
reagent. A blue colour appears and is read at 520 nm.
Both methods were calibrated with glucose.

Effect of rabbit milk on in vitro fermentation

The caecal content of a 12-week-old rabbit was di-
luted five times with the Burroughs buffer. Forty ml of
diluted caecal contents were transferred into nine incu-
bation flasks. Two ml of rabbit milk or 2 ml of buffer
(negative control), or cow milk fat (250 mg), casein
(300 mg), lactose (20 mg) and 2 ml of buffer (positive
control) were added to incubation flasks. Cultures were
incubated under CO, at 39 °C for 24 h. One sample per
treatment was not incubated (blank) and immediately
mixed with 0.8 ml of H3PO,/HCOOH. The above men-
tioned amounts of milk fat, casein and lactose were
chosen with respect to the rabbit milk composition.

Calculations

Metabolic hydrogen recovery was calculated accor-
ding to Marty and Demeyer (1973):

2H jeased = 2A + P + 4B + 3V
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2H, ccopred = 2P + 2B +4V + 4M + H,

2Hn:cnvcry = (2anccpled/2Hn:lcnscd) . 100

where A, P, B, V. M and H, represent net molar pro-
duction values (analysed values minus values obtained
for the blank) of acetate, propionate, butyrate, valerate,
methane and hydrogen, respectively. Such calculation
tests the hypothesis that the amount of hydrogen liber-
ated in pyruvate and acetate production equals that de-
posited in the production of methane, propionate and
butyrate.

The data summarized in tables were corrected for
amounts present before incubations. Effects of age and
the rabbit milk were analyzed with one-way analysis of
variance (GraphPAD Software, version 1.14, Birthe
Avery, Md). Bonferroni test was used for means com-
parison, where appropriate. The significance of differ-
ences between cultures incubated for 24 and 48 h was
evaluated by the r-test. The significance was declared
at P < 0.05.

RESULTS AND DISCUSSION

Table I presents data on the effects of age and the
time of incubation on the end-product formation and
2H recovery in in vitro caecal cultures. Average VFA

production was 1106 and 428 mol per flask in the first
and the second day of incubation, respectively. Molar
proportions of acetate and butyrate increased after wean-
ing, with a concomitant decrease of propionate and
isoacids proportions. Molar proportions of acetate,
propionate and isoacids were changed significantly in
cultures incubated for 48 h. Small amount of hydrogen
(4.6 pmol, on average) was detected in all incubation
flasks. Methane was not produced in pre-weaned rabbits.
One out of four rabbits sampled at the age of 6 weeks
produced methane. At the age of 8 and 11 weeks, one of
four rabbits did not produce methane. The hydrogen
recovery, methane production and molar percentages of
propionate, valerate and isoacids tended to increase in
the course of incubation, whereas acetate percentages
tended to decrease. The hydrogen recovery decreased
after weaning and then increased progressively with
age. Low 2H recovery values indicate that hydrogen
produced via pyruvate was not deposited in reduced
fermentation end-products, but used for synthesis of
acetate from CO,. This reductive acetogenesis repre-
sents an alternative hydrogen sink to methane produc-
tion. In all rabbits, the methane/VFA ratio increased
with the time of incubation. These age and incubation
time effects were not statistically significant, due to
high variability of data.

The average amount of soluble sugars (as glucose
units) was 134.3 and 108.4 pmol/flask at the start (0 h)

- . s o 2 G - T |
1. Effect of age and incubation time on in vitre caecal fermentation' in rabbits’. Means  standard errors

PaiariEE Incubation time Age of rabbits (weeks)
(h) 4 1
Total VFA? 24 1054 + 192 1169 z 67 1059 £ 77 1143 £ 30
(umol/flask) 48 1494 + 222 1680 + 94° 1437 + 92° 1526 + S8°
Acetate 24 683 + 24 765 £ 1.2 IS L0 758 £ 1.6
(mol.%) 48 653 + 1.5 728 £ 1.0 73.0 £ 09" 73.0 £ 16"
Propionate 24 127 + 24 6.8 £ 0.3 63 + 0.7 6.1 £ 04
(mol.%) 48 13.2 £ 16" 8.1 = 0.5 704,020 13;£,0.5"
Butyrate 24 11.8 + 1.4 13.5 £ 09 162 £ 0.9 162 £ 1.2
(mol.%) 48 125 £ 1.2 146 = 0.8 164 £ 1.2 157 = 1.1
Valerate 24 1.3 £ 02 1.0 £ 0.2 0.8 = 0.1 0.7 = 0.1
(mol.%) 48 19 £ 02 14 £ 03 09 £ 02 1.3 £ 05
Isoacids 24 59+ 14 22 + 04 1.6 £ 0.6 12 £ 0.2
(mol.%) 48 7.1 £ 09* 31+ 04 2.6 £ 0.7" 23 + 0.6"
Hydrogen 24 46 = 03 59 = 0.6 37+ 08 40 % 1.0
(1mol/flask) 48 64 + 03" 6.1 £ 04 29 + 1.0 34 = 1.6
Methane 24 0 0 63 + 35 98 + 33
(pmol/flask) 48 0 0 106 = 45 141 = 49
2H recovery (%) 24 273 + 24 208 + 09 213 77 365 * 5.6
48 298 £ 1.7 238 + 0.8° 36.3 £ 6.6 40.5 = 5.6

:4 g of caecal contents and 16 ml of buffer per flask

4 rabbits from different litters

* Values corrected for T before incubati

:h Values in the same row with different superscripts differ significantly

Significantly different from the corresponding 24 h-value
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11. Effect of rabbit milk on in vitro caecal fermentation. Means * standard errors

Parameter Ticatmont
< rabbit milk? positive control?

Total VFA* (umol/flask) 2456 + 56 1584 + 20" 4968 + 35
Acetate (mol.%) 725 = 207 444 £ 10 40.6 + 09"
Propionate (mol.%) 7.0 £ 0.3* 6:1:% 0.2¢ 17.2 + 05"
Butyrate (mol.%) 150 £ 1.4 455 + 0.8" 23T E 008
Valerate (mol.%) 1.6 £ 0.1* 30 + 0.0 7.3 £ 02
Isoacids (mol.%) 39 = 0.1° 1.0 £ 01" 1.2 £ 0.1¢
Hydrogen (umol/flask) 1.7 £ 0.1° 102 + 0.6 1.3 £ 0.2°
Methane (umol/flask) 489 + 55" 159 £ 24" 307 £ 59

' 3 flasks per treatment: incubation time: 24 h
2 4.8% (vIv)
¥ See Material and Methods for explanation
Values corrected for amounts present before incubation

3 Values in the same row with different superscripts differ significantly (P < 0.05)

and the end (48 h) of incubation, respectively. Corre-
sponding values for reducing sugars were 43.1 and
32.7 pmol/flask.

Rabbit milk added at 4.8% (v/v) decreased production
of total VFA, acetate, propionate, isoacids and methane
(Table II). No inhibitory effect of the mixture of the
cow milk fat, casein and lactose (a positive control) was
observed. Butyrate and valerate increased in treated cul-
tures, presumably due to the milk fat lipolysis. Hydrogen
gas accumulated in cultures containing rabbit milk fat,
but not in controls.

Our in vitro experiments confirmed a fermentation
shift from propionate to butyrate associated with the
weaning, as also observed earlier by Piattoni et al.
(1995, 1996). Furthermore, changes of the fermentation
stoichiometry related to the weaning also include the
decrease of acetate and isoacid molar proportions, and
a temporary decrease of the 2H recovery. Fermentation
shifts were more pronounced in caecal cultures incu-
bated for 48 h than in those incubated for 24 h. The
latter incubation time, used in previous studies (Piattoni
etal., 1996,1997), seems to be more suitable, if we take
into account the retention time of the digesta in the
rabbit caecum: 11-14 h (see Gidenne, 1997). Longer
incubation time (fasting in vitro), on the other hand,
allows an insight into relationships of some important
microbial groups. The increase of the 2H recovery in
the second day of incubation suggests that the reductive
acetogenesis was partially replaced by other hydrogen-
-consuming reactions, apparently by methanogenesis in
rabbits producing methane, as also evidenced by the
increase of the methane/VFA ratio. Piattoni et al.
(1997) observed in in vitro experiment that caecal con-
tents of fasted rabbits produced more methane, acetate
and butyrate than caecal contents of rabbits fed ad li-
bitum before slaughter. The authors concluded than the
withdrawal of substrate by fasting inhibited the aceto-
genic bacteria. The addition of easily available substrate
(starch) to fasted cultures, however. did not stimulate
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acetogens, judging from 2H recovery values. In this
study, fasting in vitro shifted a fermentation pattern
from acetate to methane in spite of the fact that the
concentration ot soluble sugars (which can be utilized
by some mixotrophic acetogens) was relatively stable.
We suppose that soluble sugars were released continu-
ously into the incubation fluid by a microbial hydroly-
sis of carbohydrate polymers. It is possible that the
growth factor depletion by fasting rather than depletion
of carbohydrate substrates inhibits bacteria involved in
the reductive acetogenesis.

According to Smith (1965), suckling rabbits are
unique amongst animal species (7 species examined) in
that the contents of the stomach and small intestine
were often almost completely sterile. Canas-Rodriguez
and Smith (1966) found in the rabbit milk fat antimi-
crobials identified as octanoic and decanoic acids. It is
shown in this paper that the rabbit milk at 4.8% inhi-
bited the caecal fermentation in vitro. Corresponding in
vivo effect remains uncertain as milk fat is well di-
gested in the small intestine (Parigi-Bini er al., 1991).
An alternative explanation for fermentation shifts after
weaning is the change in the substrate composition, and
sequential colonization of the caeccum by various
groups of microorganisms.
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USE OF GRAIN AMARANTH (AMARANTHUS
HYPOCHONDRIACUS) FOR FEED AND ITS EFFECT
ON RUMEN FERMENTATION IN VITRO"

VYUZITIE AMARANTOVYCH ZRN (AMARANTHUS
HYPOCHONDRIACUS) AKO KRMIVA A ICH VPLYV NA BACHOROVU
FERMENTACIU IN VITRO

D. Jalé, M. Baran, P. Siroka

Institute of Animal Physiology Slovak Academy of Sciences, KoSice, Slovak Republic

ABSTRACT: Grain amaranth (Amaranthus hypochondriacus) was used as a partial substitute for barley in diets fermented
in an artificial rumen (Rusitec). Four fermenters (V, V,, V3, V,) were inoculated with rumen fluid and digesta from Slovak
merino sheep with a ruminal cannula, fed a diet of 80% hay and 20% barley. The diet in V| (control) consisted of hay (80%)
and barley (20%), 5% of the barley was replaced by grain amaranth in V,, 10% in V5 and 20% in V,. The experiment lasted
12 days; 6 days for adaptation and 6 days for sample collection. All diets contained the same amount of nitrogen (13% crude
protein). Dry matter, organic matter and cellulose digestibility were not affected and detergent fibre (NDF, ADF, hemicellu-
lose) degradation was lower (P < 0.05) for fermentation of experimental diets (V,, V3, V) than for the control (V). Total
gas production, methane and NH;-N production were similar for all diets. Total VFA and acetate productions were not affected
and propionate, n-butyrate productions (mmol.day™) were slightly lower for all experimental diets than for the control diet.
Molar proportions of VFA (mol%) were changed by increases in acetate. n-butyrate (V,) and n-valerate (V,) and a decrease
in propionate (V,. V). The energetic efficiency of VFAs was significantly lower in V. Microbial yield (N,/OMF) was
similar in V, or slightly lower in V,, V, than in V. Thus, grain amaranth partially substituted for ground barley in ruminant
diets in vitro.

Keywords: amaranth grains: rumen fermentation; artificial rumen: barley substitution

ABSTRAKT: Amarantové zrnd (Amaranthus hypochondriacus) boli pouZité ako Ciasto¢nd ndhrada jaémena v diétach fer-
mentovanych v umelom bachore (Rusitec). Styri fermentory (V,, V,, V3, V,) boli inokulované bachorovou tekutinou a tuhym
bachorovym obsahom ziskanym z fistulovanych oviec plemena slovenské merino kimenych diétou pozostivajicou z 80 % -
sena a 20 % ja¢meiia. Diéta vo V| (kontrola) obsahovala seno (80 %) a jamei (20 %). Amarantovymi zrnami bolo nahradené
5 % jatmeiia vo V,, 10 % jaCmeiia vo V3 a 20 % jameiia vo V,. Experiment trval 12 dni, z toho 6 dni trvala adaptaénd
perioda. V3etky diéty boli izonitrogénne (13 % hrubého proteinu). Strivitelnost susiny, organickej hmoty a celulozy neboli
ovplyvnené a degradabilita detergentnej vlikniny (NDF, ADF, hemicelul6za) bola niZiia (P < 0.,05) pri fermentdcii experi-
mentéalnych diét (V,, V. V,) v porovnani ku kontrole (V). Celkovi produkcia plynov, metinu a amoniakalného dusika bola
podobnd u vietkych diét. Celkovi produkcia unikavych mastnych kyselin (UMK) a produkcia kyseliny octovej neboli ov-
plyvnené a produkcia kyseliny propionovej a n-maslovej (mmol.deii™") bola mierne niZia u vietkych experimentilnych diét
v porovnani ku kontrolnej diéte. Molarne proporcie UMK (mol%) boli zmenené, a to zvySenim molarneho podielu kyseliny
octovej, n-maslovej (V4) a n-valérovej (V,) a poklesom kyseliny propionovej (V,, V,). Energetickd dcinnost UMK bola
signifikantne zniZend pri V4. U experimentdlnych diét (V3, V,) bol zisteny milo vyznamny pokles (P < 0.05) inkorporicie
mikrobidlneho dusika (N;;)). Mikrobiilna vytaZnost (N /OMF — fermentovana organicka hmota) bola nezmenena (V,), resp.
o milo niZ§ia (V3, V4) oproti kontrolnej diéte. Vysledky tohto experimentu naznaCuji, Ze amarantové zrnd len Ciastoéne
nahradili jatmeil v diétach preZiivavcov v podmienkach in vitro.

KItcové slova: amarantové zrnd; bachorovi fermentécia; umely bachor; néhrada ja¢meia

*  This research was supported by funds from the Grant Agency for Science of the Slovak Academy of Sciences.
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INTRODUCTION

The nutritional value of cereal proteins is usually
estimated by lysine content. Wheat, a major cereal
crop, is deficient in the essential amino acid lysine.
Diets containing wheat must therefore be fortified with
non-wheat proteins, such as those from soybean or pea-
nut. Grain amaranth is a novel source of proteins to
fortify cereal protein. It has a high protein content with
high concentrations of lysine, tryptophan and methio-
nine (Bressani et al., 1987). Amaranth grows rapidly and
yields of 0.5 to 0.6 tonnes of seed per ha are produced
(Hindley, 1979). Grain amaranth proteins (14-20% pro-
tein content) are highly nutritious and consist of easily
digested albumins and globulins (more than 50% of
total protein) (Zheleznov et al., 1997). Three species of
the genus Amaranthus produce edible seeds: Amaran-
thus caudatus, Amaranthus cruentus and Amaranthus
hypochondriacus (Ravindran et al., 1996). Grain ama-
ranth (Amaranthus hypochondriacus) has been used as
a dietary component for rabbits (Reddy, Reddy, 1993),
rats (Fadel et al., 1996), and broiler chickens (Ravin-
dran et al., 1996). Green, ensiled and pelleted amaranth
(Amaranthus hypochodriacus) has been used in cattle
feed (Skultéty er al., 1991) and amaranth straw for lambs
(Sanchez et al., 1988).

The aim of this paper was to study the use of grain
amaranth (Amaranthus hypochondriacus) as a partial
substitute for barley in ruminant diets fermented in an
artificial rumen (Rusitec) and to compare the fermen-
tation characteristics of control (80% hay + 20% bar-
ley) and experimental diets in which barley was re-
placed by 5%,10% and 20% of amaranth grains.

MATERIAL AND METHODS

The rumen simulation technique (Rusitec), as de-
scribed by Czerkawski and Breckenridge (1997), was
used. Rusitec was equipped with four fermentation ves-
sels (V=V,), each with a nominal capacity of 850 ml.
Inoculum was obtained from 3 ruminally cannulated
Slovak merino wethers fed 1.2 kg.day'I a diet of 80%
orchardgrass hay and 20% ground barley. Ruminal
fluid was collected and filtered through four layers of
cheesecloth. The fermentation vessels were filled with
500 ml filtered rumen fluid, 350 ml McDougall’s buffer
artificial saliva, 80-100 g wet solid rumen digesta and
16 g (14.8 g DM) of diet. Digesta and diets were placed
in nylon bags (70 x 120 mm with pore size of 200 pm).
The digesta bag was replaced by a feed bag after 24 h.
Artificial saliva (Mc Dougall, 1948) was infused con-
tinuously into the fermentation vessels at a rate of
820-870 ml.day". The pH of the ruminal fluid in each
vessel was measured daily during feed bag exchange.

A basal diet consisting of 80% orchardgrass (Dac-
tylis glomerata) hay and 20% barley (Hordeum vul-
gare) grain was prepared. Hay was cut (1-2 cm length)
and barley was ground through a 3 mm screen. The
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ground barley was then sieved and particles passing
through a 2.0-mm screen, but retained by a 1.0-mm
screen were used. The basal diet was fermented in fer-
mentation vessel V| and experimental diets in V,, V3
and V. The Amaranthus hypochondriacus grains used
in this study contained 170.3 g.kg‘l crude protein;
40.7 g.kg‘I ash; 216.0 g.kg_| NDF; 55.0 g.k‘g‘I ADF;
48.0 gkg! cellulose; 161.0 g.kg™' hemicellulose;
7.9 gkg ' lignin. The grains were lenticular, brownish
in colour, and 1.4 x 1.2 mm in size. Grain amaranth
was used as a partial substitute — 5% (V5), 10% (V3),
20% (V4) for ground barley (Table I). We ensured that
all diets contained 13% crude protein (CP) by adding
2199 mg (V)); 217.5 mg (V,): 215.0 mg (V3) and
210.5 mg (V4) mg of urea dissolved in 1 | of McDou-
gall’s buffer (Mc Dougall, 1948).

I. Ingredients, chemical composition and daily input of dicts (% DM)

Item Diet

Vessel 1| Vessel 2| Vessel 3| Vessel 4
Orchard grass hay (g) [ 12.8 128 12.8 12.8
Ground barley (g) 3.2 3.04 2.88 2.56
Amaranth grains  (g) - 0.16 0.32 0.64
Chemical composition
(% dry matter)
Organic matter 95.21 95.18 95.16 95.23
Crude protein 9.58 9.63 9.66 9.73
NDF 62.02 62.01 62.01 62.0
ADF 3291 3302 | 3333 33.78
Hemicellulose 29.10 | 28.87 | 28.67 | 28.20
Cellulose 23.88 23.91 2394 240
Lignin 8.99 9.01 9.03 9.08

V, - hay (80%) + barley (20%): V, — 5%: V3 — 10%:; V- 20% of
barley replaced by amaranth grains

The experimental period (12 days) consisted of
a 6-day adaptation period followed by a 6-day collec-
tion period. The general incubation and preparation of
samples for analysis were as described by Czerkawski
and Breckenridge (1977). Dry matter, ash and crude
protein in feed and undigested feed samples (residues)
were determined by Association of Official Analytical
Chemists methods (Horowitz, 1980).

The neutral detergent fiber (NDF) and acid detergent
fiber (ADF) content of samples was determined as de-
scribed by Goering and Van Soest (1970). Hemicellu-
lose was determined as the difference between NDF
and ADF contents. Cellulose was calculated as the dif-
ference between ADF and lignin contents. Liquid efflu-
ent was analysed for volatile fatty acid (VFA) concen-
trations by gas chromatography (Cottyn, Boucque,
1968) using crotonic acid as the internal standard in
a Perkin-Elmer gas chromatograph. Effluent was also
analysed for total nitrogen by the Kjeldahl method and
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for ammonia by the microdiffusion method (Conway,
1962). The volume of gas produced was measured with
a gas meter and methane gas was analysed in Perkin-
-Elmer 8500 gas chromatograph as described by Czer-
kawski and Clapperton (1968). Nitrogen incorporated
by the microflora (N,;,) was estimated by the difference
between total N (liquid overflow + bag feed residue) and
NHj; plus urea N: N, = Ny = (NNyga + Nygea) (mg/day)
and microbial yiceld = N, /OMF (mg/g) (Alves de
Oliveira et al., 1997). The other fermentation variables —
energetic efficiency of VFAs (Orskov et al., 1968),
fermented hexose, organic matter fermented — OMF
(Van Nevel, Demeyer, 1977a, b), production, utiliza-
tion and recovery of hydrogen (Demeyer, 1991) were
calculated from the stoichiometry of rumen fermentation.

Means of results from treatments were compared
with one-way analysis of variance (ANOVA). Treat-
ment means were separated using Duncan’s multiple-
-range test at the 5% level of probability.

RESULTS AND DISCUSSION

The chemical composition of individual diets was
similar (Table I). The differences between amaranth
grains and barley were in nitrogen and ash contents (%) —
2.72 vs. 2.07 and 4.07 vs. 2.5 used in this experiment.
Amaranth grains contain 14-20% protein and high con-
centrations of essential amino acids, especially lysine,
the concentration of which is about 1.6 times higher
than that of barley. Amaranth grains contain lower amounts
of other amino acids (leucine, isoleucine, threonine, tryp-
tophan, valine) than barley (Dodok et al., 1996).

The fermentation of diets containing amaranth
grains in V,, V3 and V4 resulted in slightly lower levels
of dry matter (DM) and organic matter (OM) digestion.
This decrease (2.5-3.0 units) was not significant. NDF,
ADF and hemicellulose digestion was also reduced
mainly in V, and V5 (Table II). Cellulose digestion was
unaffected. Therefore, the nutrients in grain amaranth
were utilized to a lesser extent than those in barley. The
pH in the experimental fermenters (V,, V3) was be-
tween 6.85 and 6.89 and differed from the pH in the
control fermenter (V).

The NH5-N pool produced by degradation of urea in
saliva and feed nitrogen is the main source of nitrogen
used by bacteria for protein synthesis. A nonsignificant
decrease in the pool of NH;-N (Table II) in experimen-
tal diets resulted from these being less nitrogen in ef-
fluent and more nitrogen in residues (undigested feed
samples) for experimental diets. It was identified by the
nitrogen balance determination in this experiment.
NH;-N concentration depends on ammonia use and re-
lease by the microbial population (Mansfield et al..
1995).

Rumen metabolism results in a fermentation pattern
defined by the following factors: the amount and molar
proportions of VFAs produced, the amount of methane
formed and organic matter fermented (OMF), the
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11, Effect of grain amaranth (Amaranthus hypochondriacus) on dry
matter. organic matter and detergent fiber degradability (%) in Ru-
sitec

Diet SEM
Vi Vs Va Vi

Degradability (%)
Dry matter 55.04 | 51.56 52,10 | 5194 113
Organic matter 56.09 | 5230 | S52.83 | 5298 1.13
NDF 4092 | 38.39 3553 | 39.07 | 144
ADF 3425 26,65 | 2888 | 31.96 | 1.64
Hemicellulose 48.41° [ 51.94° | 4262 | 47.52| 1.25
Cellulose 26.65 | 27.23 3089 | 29.20| 1.74
pH 6.92" 685 | 6.86| 6.89] 0.02
NH;-N (mg.l") 134.08 97.78 | 11090 | 125.03 | 9.94

V, = hay (80%) + barley (20%): V, = 5%: V3= 10%: V4 = 20% of
barley replaced by amaranth grains

Average and standard error mean (SEM) of six replicates. Values in
a row with different postscript letters (a, b, ¢) differ at P < 0.05

amount of microbial matter synthetized and the effi-
ciency of this anabolic process (Demeyer, Van Nevel,
1986). All these factors were determined in this experi-
ment using Rusitec. The concentrations of total VFAs
and acetate were not affected and propionate, n-butyrate
(mmol.day_') productions were slightly lower for the
fermentation of experimental diets (Table III). Molar
proportions (mol%) of acetate, n-butyrate, isobutyrate
and n-valerate were higher and the mol% of propionate
lower, particularly for fermentation of the experimental
diet in V4, and to a lesser extent of that in V, (Table III).
Total gas production (l.day'l) and methane produc-
tion (mmol.day") were similar for all diets. There was
a negative relationship between methane and propion-
ate production due to the bacterial interspecies transfer
of metabolic hydrogen (Wolin, 1975). The correlation
coefficients for these relationships represent the values
for V| (-0.019); V, (-0.042); V5 (0.663): V, (0.884)
respectively (correlation coefficient significance in V,
only). The other fermentation characteristics were cal-
culated from the stoichiometric relationships ol rumen
fermentation. The energetic efficiency of VFAs was
slightly lower for fermentation of experimental diets,
mainly in V4 (P < 0.01) reflecting the proportions
(mol%) ot propionate and butyrate in ,amaranth* diets
(Table IV). There were also lower levels of OMF
(g.duy“') and fermented hexose (mmol.duy“') in all ex-
perimental diets in comparison to control diet. The pro-
duction, utilization (mmol.day") and recovery of meta-
bolic hydrogen (%) were similar for all diets.
Microbial metabolism in the rumen plays a key role
in digestion, and the efficiency of microbial conver-
sions determines the overall efficiency of feed use by
ruminants (Van Nevel, Demeyer, 1996). Microbial pro-
tein synthesis was estimated by microbial nitrogen in-
corporation — N, .. with the N, /OMF ratio determining

m”
the protein synthesis yield. These microbial protein
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I11. Effect of grain amaranth (Amaranthus hypochondriacus) on volatile fatty acid (VFA) and gas production in Rusitec

Diet SEM
v, \A \'A v,

mmaol.day™!
Total VFA production 48.82 45.99 46.43 47.27 0.86
Acetate 28.19 26.69 27.09 27.73 0.49
Propionate 12.66™ 1136 11.95 11.31 0.27
Butyrate 4.90P¢ 454 451 515 0.08
A/P ratio 2.28 235 227 2.45%* 0.03
Molar %
Acetate 57.75" 58.04 58.20 58.67 0.17
Propionate 25.93" 24.91" 25.73¢ 23.92 0.23
Butyrate 10.03 9.88 9.73 10.90%"< 0.10
Iso-butyrate 0.81 0.87 0.79 1.04 0.03
Valerate 2.77 3.07Y 2.73 2.56 0.08
Iso-valerate 1.56 1.84 1.60 1.67 0.10
Total gas (L.day™") 3.26 347° 3.08 333¢ 0.08
Methane (mmol.day™") 7.88 8.85 8.17 8.68 0.31

V, - hay (80%) + barley (20%); V, - 5%: V3 - 10%: V- 20% of barley replaced by amaranth grains
Average and standard error mean (SEM) of six replicates. Values in a row with different postscript letters (a. b, c) differ at P < 0.05

IV. Effect of grain amaranth (Amaranthus hypochondriacus) on stoichiometric parameters of rumen fermentation in Rusitec

Diet
SEM
v, v, v, v,

E% 77.0" 76.63" 76.87" 76.27 0.08
OMF (g.day™") 432 4.04 4.09 4.19 0.07
Fermented hexose (mmol.dny") 25.32 23.56 24.02 24.67 043
Hydrogen halance
Production (mmol.day" ) 92.83 87.41 88.14 91.36 1.55
Utilization (mmol.day™") 67.97 68.61 66.86 68.83 1.68
Recovery (%) 73.22 78.58 75.83 75.32 1.45
Ny (mg.day™") 116.17 103.81 78.17" 95.84" 9.42
N,/OMF (mg/g) 26.88 25.69 19.10* 22.87" 2.20

E - energetic efficiency of VFA's, OMF — organic matter fermented. N, — nitrogen incorporated by microflora. V, — hay (80%) + barley
(20%): V5 = 5%: V3= 10%: V, - 20% of barley replaced by amaranth grains
Average and standard error mean (SEM) of six replicates. Values in a row with different postscript letters (a. b, ¢) differ at P < 0.05

synthesis parameters were significantly lower in V5 and
V. The lower levels of microbial nitrogen production
and lower pH values with experimental diets may be
due to lower microbial efficiency (Demeyer, Van Nevel,
1986).

Thus, our results show that grain amaranth can par-
tially, but not fully, substitute for ground barley in
diets. The fermentation of experimental diets was charac-
terised by lower levels of detergent fiber digestion and
less intensive rumen metabolism with lower levels of
production of total and individual VFAs, and lower
energetic efficiency of VFAs than the control. Ama-
ranth grains contain anti-nutritional factors mainly phe-
nols which are heat-labile and can be destroyed by
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moist-heat treatment (Tillman, Waldroup, 1986). The
more extensive replacement of barley in ruminant diets
by grain amaranth (after heat treatment) will be studied
in the artificial rumen.
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HOSPODARSKE ASPEKTY ZKRMOVANI ZRNA
BEZPLUCHEHO OVSA™

ECONOMIC ASPECTS OF FEEDING HULL-LESS OAT GRAIN

K. Vaculovél, Jv. Heger2, F. Machaii'

' Kromeviz Agricultural Research Institute, s.r.o., Kromériz, Czech Republic
2Biofakz‘ory Praha, s.r.o., Brno workplace, Brno, Czech Republic

ABSTRACT: Selected materials of hull-less oat (Abel variety, new lines KM 187, KM 191 and KM 195) and spring barley
(Tolar and Krona varieties) were grown in field conditions of the KroméfiZ Agricultural Research Institute, s.r.o., in 1994-1996;
their grain was examined by chemical analyses and tested in the company Biofaktory Praha, s.r.0., in metabolic experiments
on laboratory sewer-rats. These parameters were investigated: grain yield (t/ha). grain weight (TGW in g), nutrient content
in grain — starch, proteins (P), fat, fatty acids (FA), beta-glucans (BG), lysine — all components in g/kg, and lysine in P (/16 g N).
The following indicators of grain feeding value were determined by metabolic experiments or by calculations: gross energy
and digestible energy contents (GE and DE in MJ/kg), coefficients of energy apparent digestibility and nitrogen true diges-
tibility (CED and CTD in %), indicators of protein biological value (PBV) and net protein utilization (NPU), nitrogen balance
(NB, mg/day), protein efficiency ratio (PER in %) and content of utilizable protein (UP in g/kg). The variability of protein,
starch and fat contents and of most parameters of feeding values of oat and barley grain was low; high variability was
determined in lysine content and concentrations in barley (coefficient of variation = 32.3% and 42.4%, respectively) and in
fiber content in oats (29.3%). In general, variability of metabolic parameters was lower than that of nutrients and commercial
parameters. Barleys outyielded oats in average grain yield (by 29.6%), TGW (by 47%) and fiber content (by 35.3%). The
two species did not basically differ in lysine concentrations in proteins (4.18% in oats and 4.02% in barley) and in average
starch content (598.4 g/kg in oats, 599 g/kg in barley). Oats had higher contents of fat (by 74.1%), proteins (13.5%), lysine
in grain dry matter (18.8%), beta-glucans (BG — 15.6%), and higher values of all evaluated indicators of grain feeding value,
namely of utilizable protein (UP 21.1%, Tables I and IV). Statistically significant differences were determined between the
hull-less oat types in commercial traits (yield and TGW), protein content, lysine concentration, fat and starch contents and
most indicators of grain feeding value. Abel variety had lysine content higher by 9-14% than the new lines of hull-less oats,
its fiber content was lower by 41.5-48.9% while BG content was significantly higher. The characteristics of Abel variety
resulted in the statistically significantly higher level of CED (94.22%) in comparison with the lines KM 191 and KM 195,
and in the significantly higher content of DE (17.13 MJ/kg) in comparison with the new line KM 195 (Tables Il and V). The
new line of hull-less oat KM 195 had a statistically significantly different content of palmitic acid from that of KM 191 and
of oleic acid from that of Abel variety (Table II1). An increase in polyunsaturated FA contents, accompanying growing fat
contents, was observed in all hull-less oats (y = -3.71 + 0.488x — Fig. 2). Comparison of nutrient and energy production per
unit area showed that hull-less oats had statistically significantly higher fat yields than barleys (by 229.6 kg/ha, i.e. on average
by about 63%) while no significant differences were confirmed either in lysine production or in UP between the two species.
But barleys had statistically significantly higher starch yields (by 36%), and higher fiber content in grain. Tolar variety showed
higher production of proteins and digestible energy while Krona had significantly different parameters only from the KM
195 line of hull-less oats even though absolute values of these parameters were high. Calculations of correlation relations
indicated that neither grain yield nor TGW had statistically significant negative effects on the other parameters in oats (Table VII).
An insignificant relations was determined between protein content and related balance parameters — CTD and CED. Negative
relations of different intensity were observed between protein content and other parameters while the relation between the
indicators of grain feeding value and proteins was closest in PBV (r = -0.75") and NPU (r =-0.67""). A positive effect of
increased protein content was determined in the derived indicator UP (r = 0.84™"). Similarly like in the case of proteins,
increased fiber content had negative effects on all other parameters while the relation with CTD was closest (- = -0.76").
A significant regression relation (y = 96.23 — 0.103x, Fig. 1) confirmed negative effects of higher fiber content on the
coefficient of energy digestibility also for small differences in hull-less genotypes. Increased content. and mainly concentration
of lysine in proteins statistically significantly increased the level of grain protein quality indicators — NPU (r = 0.83"") and
PBV (r = 0.81""), similar effects were also determined in fat content in our experiment (identically r = 0.777).

Keywords: grains; feeding value; hull-less oats; metabolic experiments; nutrient and energy production

* Tato price vznikla za finan¢ni podpory Grantové agentury CR (projekt €. 503/95/0544) a byly analyzovény nové Slechtitelské linie ovsa vytvorené
za finanéni podpory Nérodni agentury pro zem&d&lsky vyzkum MZe CR (projekt &. IE 0950975078).
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ABSTRAKT: Byla hodnocena produkce, obsah Zivin a v bilan¢nich pokusech na laboratornich potkanech krmnd hodnota
zrna bezpluchych ovst (odriida Abel, linie KM 187, KM 191 a KM 195) a jarnich je¢meni (odridy Tolar a Krona) pésto-
vanych v polnich podminkach v letech 1994—-1996. Je¢meny piekonaly ovsy v primérném vynosu zrna (0 29.6 %), hmotnosti
1 000 zrn (HTS - o 47 %) a obsahu vldkniny (o 35,3 %), aviak mély prakticky stejny podil lyzinu v N-litkich (NL)
a praimé&rny obsah $krobu. Ovsy byly ve viech hodnocenych parametrech stabilngjsi, vykazovaly vy§§i obsah tuku (0 74,1 %),
NL (0 13,5 %). lyzinu v sugin& zrna (o 18,8 %). beta-glukanii (BG - 0 15,6 %) a vy3i drovefi viech hodnocenych parametrt
krmné hodnoty zrna, zejména pak vyuZitelného proteinu (UP - o 21,1 %). Mezi jednotlivymi materidly ovsa byly stanoveny
statisticky vyznamné diference pro obsah lyzinu, BG, vlikniny a mastnych kyselin (palmitové a olejové). Porovnini produkce
Zivin a energie z jednotky plochy ukdzalo. Ze bezpluché ovsy statisticky vyznamné piekonaly jeCmeny ve vynosu tuku
(v priméru o cca 63%), neprikazné diference mezi ob€ma druhy byly stanoveny pro produkci lyzinu a UP. JeCmeny se
statisticky vyznamné odliSovaly od bezpluchych ovsa ve vynosu $krobu (aZ o 36 %) a vlikniny, pfi¢emZ odrida Tolar méla
navic i vy§§i produkci NL a stravitelné energie. Ve skupiné studovanych ovsii byly vziajemné korelacni koeficienty statisticky
nevyznamné pro vztahy vynosu zrna a HTS s ostatnimi hodnocenymi parametry. Priikazny nartst hodnot netto-vyuZiti pro-
teinu a biologické hodnoty bilkovin plisobilo zvySeni koncentrace lyzinu v NL (r = 083", resp. r= 0817 a zvyieni obsahu
tuku (r = shodn& 0.77""). zatimco vyznamné negativni vztahy byly stanoveny mezi obsahem N-latek a drovni vétSiny studovanych
Zivin a ukazatelll krmné hodnoty zrna (kromé& UP, kde r = 0.84""). Obdobné pusobila i vldknina, kterd vykazovala nejsilnéjsi
negativni vliv ve vztahu ke koeficientu stravitelnosti energie — KSE (r = -0,76""), kdy nariist jejiho obsahu o kazdych 10 g/kg

znamenal pokles trovné KSE o 1,03 % (y = 96,23 - 0,103x).

Kliova slova: obilniny; krmnd hodnota; bezpluchy oves; bilan¢ni pokusy: produkce Zivin a energie

UvoD

Oves patii k vyznamnym krmnym obilovinam zejmé-
na v zemich severni a stfedni Evropy a Severni Ame-
riky a bez ohledu na celosvétovy pokles jeho osevnich
ploch (Burrows et al., 1992) zistava uZitenou plodinou
pro péstovani v margindlnich oblastech, podptrnou plo-
dinou pro legumindzy a zdrojem krmiva a slaimy. Zrno
ovsa se tradi¢né vyuziva v chovu koni a ovci, je vhod-
né i pro vykrm hovéziho dobytka, napfiklad dojnic
(Sanne, 1988). Pouze pfi krmeni monogastra, a to ze-
jména dribeZe, kterd je citlivéj$i neZ prasata, existuji
urCitd omezeni pro zastoupeni ovsa v krmné davce
z divodu vysokého obsahu vldkniny. VySlechténi bez-
pluchého ovsa zvysilo jeho atraktivnost pro chovatele
uvedenych monogastrickych druhti a rovnéz také pro
pozitivni vliv Zivin zrna na kvalitu produkce (Farrell et
al., 1992), a vedlo k redlnym tdvahidm o novych moz-
nostech jeho krmného vyuZiti (Cuddeford et al., 1992;
Campbell, 1996a).

V Ceské republice se oves péstuje zhruba na 59 tis. ha,
coz je necelych 3,5 % z celkové plochy obilnin. Vys§i
zastoupeni je evidovdno v podnicich hospodaficich
v bramboriiské a horské vyrobni oblasti, kde dosahuje
relativné lepSich vysledkd neZ ostatni obilniny. Jak
uvadi Komberec (1997), ve skliziiovém roce 1997 byl
potraviniisky oves finanéné ziskovy (+17 %), kdeZto
oves na krmeni se pii soucasnych vyrobnich nikladech,
vynosu a nakupni cené stava plodinou vyslovené ztra-
tovou. V leto$nim roce se v dusledku pievaZujici na-
bidky ocekava dalsi pokles cen, coz se vyraznéji pro-
mitne do ekonomiky péstovani méné vynosného
bezpluchého ovsa, pokud nebude nakoupen jako potra-
vina.

Vysokd mira ztratovosti pii prodeji ovsa jako krmné
obilniny a soucasné vysokd nutri¢ni hodnota zrna ve-
dou k zavéru, zda by z hlediska prvovyrobci nebylo
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ekonomicky zajimavéjsi pfimé vyuZiti pii pripravé vlast-
nich krmiv.

V nasi prici jsme se pokusili o vyhodnoceni pfinosu
péstovani bezpluchého ovsa pfi porovnini s vybranymi
odridami je¢mene z pohledu produkce, chemického
sloZeni a krmné kvality zrna, testované v pokusech in
vivo na laboratornich zvifatech.

MATERIAL A METODA

Odrudy jarniho je¢mene Tolar a Krona. odrida ovsa
Abel a vybrané nové Slechtitelské linie bezpluchého ovsa
setého (KM 187-92, KM 191-90 a KM 195-92) byly
v letech 19941996 péstoviny v polnich podminkach.
Jejich zrno bylo podrobeno chemickym analyzam do-
leZitych Zivin a testovdano v pokusech na laboratornich
potkanech za tcelem stanoveni jeho vhodnosti pro kr-
meni monogastrickych hospodéiskych zvifat.

Obilniny byI’y péstovany ve zkouskach vykonu
(4 opak. x 10 m®) na pokusnych pozemcich Zemédél-
ského vyzkumného dstavu Kroméfiz, s. r. o., v jehoZ
laboratofi kvality zrna byla ddle provedena vétSina che-
mickych rozbori. Metodika péstovani byla ve vech
letech standardni, po optimalni pfedplodinég, na zaklad-
ni hladiné hnojeni a chemického oSetfeni. Pokusy byly
sklizeny v pIné zralosti maloparcelkovym kombajnem
Osevan, hmotnost zrna (HTS v g) byla stanovena po
piecisténi v netfidéném vzorku. Primérny vzorek zrna
byl pouZit pro biologickou testaci krmné hodnoty a na
chemické analyzy.

U vSech testovanych obilnin byl ve dvou opakovi-
nich stanoven obsah N-latek (NL v g/kg. N x 6,25,
metodou podle Kjeldahla), obsah aminokyseliny (AK)
lyzinu v suSiné zrna (g/kg suSiny zrna — na automa-
tickém analyzitoru aminokyselin AAA 881) a vypoc-
ten podil lyzinu v N-litkich (g/16 g N). Dale byl ana-
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lyzovan obsah tuku (g/kg, extrakci podle Soxhleta), Skro-
bu (g/kg, podle Ewerta), vldkniny (g/kg, podle metody
AOAC na pristroji Fibertec E), a B-glukanu (BG, g/kg,
fluorescenéni metodou). Jednotlivé mastné kyseliny
(MK) byly stanoveny plynové chromatografickou ana-
lyzou na pristroji CHROM 5 s plamenoionizacnim de-
tektorem FID v laboratofich Mendelovy zemédélské
a lesnické univerzity v Brné. Obsah MK (g/kg) v zrné
byl ziskan piepoCtem.

Stanoveni obsahu bruttoenergie (BE — MJ/kg, v adi-
abatickém kalorimetru) a nasledna biologicka testace
vzorkll zrna in vivo probihala ve spoluprici s firmou
Biofaktory Praha, s. r. o. Bilancni pokusy byly prova-
dény na laboratornich potkanech (skupina n = 6) podle
metodiky popsané diive (Heger et al., 1990). Sledova-
nymi ukazateli nutri¢ni hodnoty byly: skute¢na stravi-
telnost dusiku (KSS. %), biologickd hodnota bilkovin
(BHB), netto vyuziti proteinu (NPU), dusikova bilance
(NB, mg/den), vyuziti pfijatého dusiku (NB/NP, %),
obsah vyuZitelného proteinu (UP, g/kg), obsah stravi-
telné energie (SE, MJ/kg) a koeficient bilan¢ni stravi-
telnosti energie (KSE, %).

Produkce Zivin a energie z jednotky plochy byla zis-
kana prepoctem z vySe uvedenych ddaji.

Statistickd hodnoceni a analyzy byly provedeny prog-
ramem Statgraphics 5.0 za pouZiti analyzy variance,
vypoctu parovych korelacnich koeficienti a regresni ana-
lyzy. Mira proménlivosti znakd a parametri v ramci
obou sledovanych druhii byla posuzovéna podle vySe
variacniho koeficientu (V}, %). Grafické vystupy byly
zpracovany standardnim programem Microsoft Excel 97.

VYSLEDKY
Hospodiiské znaky a Ziviny v zrné

Variabilita obsahu zikladnich Zivin, vynosu zrna a HTS
u testovanych materidli bezpluchého ovsa kolisala od
3 % (8krob) do 29,3 % (vlaknina) a pro vétSinu para-
metrt byla velmi podobna proménlivosti zji§téné u od-
rid jeCmene (tab. I). V pramérnych hodnotich byly ale
patrné velmi vyrazné diference. Podle ocekdvani byl
primérny vynos zrna, HTS i obsah vlakniny jednoznacné
vyS8i u jemene (0 29,57; 46,97, resp. 35,28 %), zatimco
v obsahu NL, lyzinu v suSiné zrna, obsahu glukanu,
tuku a MK (s vyjimkou kyseliny linolenové) byl lepsi
oves. Pouze v pripadé koncentrace lyzinu v g/16 ¢ N (4,18
u ovsa a 4,02 u je¢mene) a obsahu Skrobu (598.4 g/kg
pro oves a 599 g/kg pro jeCmen) byly oba druhy podobné.

Vzhledem k poctu testovanych vzorkit u obou obilo-
vin a statistickym charakteristikim hodnocenych soubort
Ize odvodit, Ze materialy jeCmene vykazovaly vyssi hete-
rogenitu neZ oves, a to u viech studovanych parametrd,
s vyjimkou obsahu dil¢ich mastnych kyselin a vldkniny.
Obsah vldkniny u ovsa byl bez ohledu na to, Ze viechny
studované materialy patii k bezpluchym genotypiim, dost
odli$ny a rozdil mezi minimalni (17,3 g/kg) a maximalni
naméfenou hodnotou (43,3 g/kg) byl vice nez 2,5na-
sobny. Analyza variance prokizala, Ze testované ovsy
se ve vice neZ poloviné hodnocenych parametril navza-
jem prikazné neliSily (tab. II), jednak pro podobné ob-
sahy sledovanych latek a jednak i z divodu vlivu envi-
ronmentalni proménlivosti. Statisticky prukazné rozdily

I. Statistickd charakteristika hospodifskych znakii a obsahu Zivin zrna bezpluchého ovsa a jarniho jeémene (Kroméfiz, 1994-1996) —
Statistical data on commercial traits and nutrient content in hull-less oat and spring barley grain (Kroméfiz, 1994-1996)

P Jednotky!" Prumér'2 Stiedni chyba'* Minimum Maximum ?)':3:;:::?,,‘ Vie %

. oves'? |je¢men'*| oves | je¢men | oves |[jeCmen| oves [jecmen| oves |jeCinen| oves |je¢men
Vynos zma® | t/ha 5.36 761 | £025| £053 4.05 6,63 6.33 948 | 0.88 130 | 1647 | 17.06
HTS? g 2409 | 4543 |£053 | £1.89( 21.60( 3930 27,10 5170 | 1,84 4,63 7.64 | 10,20
NL? g/kg 146,23 | 12646 | +279 | £5.02] 129,07 | 111,57 | 158.75 | 141.24 | 9.67 | 1231 6.61 9.73
Lyzin5 glkg 6,07 493 [£0.23 | £0,65 521 3.71 7.96 7.50 0,78 1.59 12.88 | 32.26
Lyzin v NL® | ¢/16 g N 4.18 402 | £022 | £0,69 335 2.68 595| 668 0,75 171 ) 1793 | 4237
Skrob? g/kg 59842 | 599,00 | £5,19 |+ 10,34 [ 565,00 [ 574.00 | 628,00 [ 632,00 | 17,97 | 2533 3.00 4.23
Glukany® glkg 4525 | 38,17 | £1.78 | £2,01| 35.00| 31.00| 54.00| 44,00 6,15 492 | 13,59 | 12.88
Tuk” kg 6748 | 1747 [+1.66 [ £060 | 62,00 I510] 7920| 1920 574 1.48 8.54 8.45
Cl16:0° g/kg 11,29 374 | £023 | £0.07] 10.28 349 | 13.00 400 081 0.17 7.20 4.54
cig:1* g/kg 2494 2,52 |£0,64 | £0,07| 22,70 2,26 | 29.87 279 227 0.17 893 6,75
C18:2" glkg 27.26 940 | £079 | £022| 23.57 8.55| 32.63| 1020 275 0,54 | 10,08 577
Cci18:3* g/kg 0,83 116 [+0,08 [ +0,03 0,59 1,03 1,43 129 | 027 0,08 [ 3191 7.34
Vidknina'" | g/kg 3089 | 47.73 | £261 | £1.23| 1730 4480 4330| 53.00| 9.05 [ 3.02 | 2930 [ 6.33

: mastné kyseliny: C16:0 — palmitovd, C18:1 - olejovd, C18:2 — linolovd, C18:3 - linolenovi
fatty acids: C16:0 — palmitic, C18:1 — oleic. C18:2 - linoleic, C18:3 - linolenic
'Eammctcr. 2gr:lin yield, TGW, Jprolcins, 5lysinc. ('Iysinc in proteins, Tstarch, Ngluc:ms. Yfat. "fiber. "units. mean. “outs. I"b.’lrlcy.
Pstandard error, '“standard deviation
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I1. Diference v hospodifskych znacich a obsahu Zivin mezi testovanymi bezpluchymi ovsy (Kroméfiz. 1994-1996) — Differences in com-
mercial traits and nutrient content between the tested hull-less oats (Kroméfiz, 1994-1996)

Odrida! Vynos"? HTS? N-latky* Lyzin® Lyzin® Skrob® Glukany’ Tuk® Vldknina’
ha g glkg grkg g/l6g N glkg g/kg g/kg glkg
Abel 533 24.87a 147.75a 6.61b 4.53 611.67a 49,00¢ 69.1a 18.83a
KM187-92 2373 143.50a 6.28ab 439 591.33a 45.33b 66,54 36.83b
KM191-90 22,83 143.23a 5.69% 4.01a 602,67a 42,000 70.5a 32.17ab
KM195-92 24.93a 150,44a 5.68a 3.78 588,00a 44.67b 62,8 35.73b

* rozdilnd pismena ve sloupci zna&i prikaznou diferenci pfi P < 0,05 - different letters in the column designate significant difference at P < 0.05

'vnriely. 2yield. ‘Tew, Jprolcins, 5lysine. Sstarch, 7g|ucnns. *fat, “fiber

I11. Praimérny obsah mastnych kyselin v zrné jednotlivych materidli bezpluchého ovsa (Kroméfiz, 1994-1996) — Average content of fatty

acids in grain of hull-less oat materials (Kroméfiz, 1994-1996)

Obsah MK?2 (g/kg)
Odrida' Cl16:0° cl8:1 clg2 cl183 suma r;\:sz}ccnjch suma neaall(s!ceny’ch suma vicenen;lsycenjch
Abel 11,47ab 26.32b 27.12a 0,89a 12,56ab 56,09a 28.91a
KM187-92 11,04ab 25,07ab 27,28 0.65a 12.05a 54.40a 28.76a
KM191-90 12,03b 25.52ab 29,04a 0,76a 13.19b 57.30a 31.10a
KM195-92 10,63a 22.84a 25.61a 1,04a 11,66a 51.12a 27.52a

* oznaceni MK viz tab. 1 — designation of FA see Tab. 1

'vnriely.v %FA content. “sum of saturated FA, *sum of unsaturated FA, “sum of polyunsaturated FA

jsme stanovili pro obsah lyzinu, kde odrida Abel pre-
konala nové $lechtitelské linie o 9-14 %, a v piipadé
vldkniny, jejiZ obsah byl u Abelu niZ§i o 41,5-48,9 %.
Nejvyznamnéj$i vzajemné diference, jak mezi pokus-
nymi rocniky, tak i mezi testovanymi ovsy, byly zjis-
tény v pripadé obsahu BG. V tomto znaku se statisticky
prikazné odliSovaly nové linie bezpluchého ovsa nejen
od odrudy Abel, ale i navzajem. NejniZsi pramérny ob-
sah glukani méla linie KM 191 (42 g/kg), nejvyssi
odriida Abel (49 g/kg).

Skladbu tuku charakterizuji idaje uvedené v tab. III.
Nejvice zastoupené MK — palmitova, olejova a linolova —
tvorily 93,9-95,3 % celkového obsahu tuku, ale prikazné
diference mezi testovanymi ovsy byly nalezeny pouze
v pfipadé kyselin palmitové a olejové. Linie KM 195 se
statisticky vyznamné li§ila o 13,1 % niZ8im obsahem
kyseliny palmitové od linie KM 191 a rovnéz méla sta-
tisticky prikazné méné kyseliny olejové neZz odriida
Abel (o 15,2 %). Linic KM 191 pak méla oproti ostatnim
novym materidlim prikazné vyssi obsah nasycenych MK
a nevyznamné vice i nenasycenych MK. Nutri¢né vy-
znamné vicenenasycené MK s primérnym obsahem
27.52-31,1 g/kg tvorily od 41,8 do 44,1 % celkového
obsahu tuku, avSak mezi testovanymi ovsy ani v jed-
notlivych roénicich nebyly vzijemné diference prikazné.

Ukazatele krmné hodnoty zrna

Z pramérnych udaji o krmné hodnoté zrna v ramci
druhti (tab. IV) vyplyva, Ze oves piekonal hodnocené
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jecmeny jak v energetické, tak i dusikové bilanci. Vy-
znamnéjSi rozdily jsou zietelné u ukazateli dusikové
bilance a pfedeviim vyuZitelného proteinu, jehoZ priamér-
ny obsah dosahoval u ovsa 84,21 g/kg. byl tedy o 21.1 %
vy$§i neZ u je¢mene. V piipadé ukazateld SE, BHB,
NPU, NB/NP a UP byly dokonce minimilni hodnoty
zjisténé u ovsa vy3Si neZ jejich maximdlni droven u tes-
tovanych jement. Celkovi variabilita ukazateli krmné
hodnoty ovsa i je¢mene byla velmi nizka (0,92-5.93),
pouze s vyjimkou hodnot pro parametr NB/NP (V, =
12,06 %) a UP (V;, = 10,03 %) u je¢mene.

Analyza variance ukazateli krmné hodnoty zrna ov-
sa naméfenych v bilanénich pokusech (tab. V) svéd&i
o velké vyrovnanosti testovanych materialti v jednotli-
vych letech. Minimalni a statisticky neprikazné dife-
rence byly stanoveny jak pro obsah bruttoenergie, tak
pro viechny ukazatele dusikové bilance. Hodnoty KSE
kolisaly od 92,14 do 94,22 % a obsah SE od 16,39 do
17,13 MJ/kg, pricemz v obou znacich byla odrida Abel
prikazné lep§i nez nové Slechtitelské linie bezpluchého
ovsa, zejména KM 195.

Produkce Zivin a energie, vzijemné vztahy mezi
parametry

V tab. VI jsou shrnuty ddaje naméiené u bezpluché-
ho ovsa z pohledu kombinace hospodarskych a kvali-
tativnich parametrd i porovnini s vybranymi jarnimi
jeémeny. Prikaznost primérnych hodnot jednotlivych
parametrd byla nejsilngji ovlivnéna rozdily v produkci
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IV. Statisticka charakteristika ukazateld krmné kvality zrna bezpluchého ovsa a jarniho je¢mene (Kroméfiz. 1994-1996) — Statistical data
on feeding quality indicators of hull-less oat and spring barley grain (Kroméfiz, 1994-1996)

Parameti'’| Jednotky? Pramér? Stiedni chyba® Minimum Maximum sﬁiﬁ;‘:ﬁ:}‘f‘ Vie %
oves® |je¢men’| oves |jetmen | oves |je¢men | oves |jelmen | oves |jedmen | oves | jeSmen
BE Mli/kg 18,02 1712 | £0,09 | £0.11 17,22 16.81 18.48 17.50 0,32 0.27 1.76 1.59
SE Ml/kg 16,74 1546 | £0,12 | £0.12 | 1584 14,97 17.44 15,75 042 0,29 2,52 1.86
KSE Yo 9287 | 90,27 | £032 [ £034 | 91,33 | 89.03 | 94.58 | 91.52 111 0,83 1.20 0,92
KSs % 85.08 | 83,72 | £0.27 | £ 045 | 84,03 | 8228 | 87.00 | 8531 0,93 4.09 1,10 1.31
BHB 67,78 | 62,69 | £0,64 [ £030 | 6509 | 61,42 | 7331 63.31 2,22 0,73 3.27 1.16
NPU §7.67 | 5250 | £0,63 [ £033 [ 5533 | 51.69 | 63,78 | 53.78 218 0.82 3,78 1.56
NB mg/den® | 6620 | 5645 | + 113 | £099 | 59,71 5441 74.81 60.14 392 242 593 4,30
NB/NP % 4280 | 34.89 | £0.55 [ £1.72 | 3970 | 26,53 | 47,56 | 37.79 1.90 4,21 4.44 12,06
up glkg 8421 66,40 | £ 1,19 | £2.71 | 7471 58.00 | 89.23 | 73.30 4,13 671 491 10,03

i 3 5 e %
'pnrnmclcr. 2units, *mean, *standard error, *standard deviation, “oats, 7b:nrl\:y. day

V. Diference v hodnotiach ukazateli krmné kvality zrna testovanych materidli bezpluchého ovsa (Kroméiiz, 1994-1996) — Differences in
the values of feeding quality indicators of grain of tested hull-less oat materials (Kroméfiz, 1994-1996)

Odrida' MBJ!IEI:g Mﬁfkg K‘:E K‘;s BHE NEL) m?/gen NB’}LNP ;IJkPg
Abel 18.19a 17.13b 94,22b 85,52a 68.47a 58.60a 69.42a 44.43a 86.20a
KM187-92 18.14a 16.86ab 9291ab 85,72a 67.61a 57.94a 65.76a 42,58a 81.5a
KM191-90 17.98a 16.57ab 92,14a 84,57a 67,39 57,00a 65,70a 42.15a 83,12a
KM195-92 17.77a 16.39a 92.19a 84.49a 67.65a 57.15a 63.93a 42.22a 86.04a

" rozdilna pismena ve sloupci znadi pritkaznou diferenci pii P < 0,05 — different letters in the column designate significant difference at 2 < 0.05

'variety

VI. Produkce Zivin a energie z jednotky plochy u odrud a linii jarniho je¢mene a bezpluchého ovsa (Kromé&Fiz, 1994-1996) - Nutrient and
energy production per unit area in spring barley and hull-less oat varieties and lines (Kroméfiz, 1994-1996)

Odrida’ Produkce z hektaru®
pliasend NLY lyzin® Skrob® glukany” wk® vliknina? SE up
kg kg t kg kg kg Gl kg
Tolar 978.31c 38,12a 4,60b 326.99b 130.90a 376.16¢ 120.25¢ 507.59a
Krona 920.95h¢ 40,06a 4,56b 259,30ab 136,92a 346,46¢ 115.28bc 488.94a
Abel 787.51ab 3523 3.26a 261.17ab 368,30b 100,36 91.30ab 459.45a
KMI87-92 | 796.42ab 34.852 3,282 251.58ab 369.07b 204,41b 89.86ab 452.33a
KMI91-90 | 797.79ab 31,69a 3.36a 233,940 392,68b 179.19ab 88.32ab 462.98a
KM195-92 | 752,20a 28.40a 2,94a 223352 314,00b 178,65ab 87.36a 430.20a

* rozdilnd pismena ve sloupci zna¢i prikaznou diferenci pii P < 0.05 - different letters in the column designate significant difference at P £ 0.05

. 2 3 . . 5, . Y
Ivam:ly. “parameter, “per-hectare production, Jpr()lcms. “lysine, “starch, 7glucans. *fat, "fiber

zrna obou druha, avSak svoji roli hrila i vySe obsahu
Zivin a naméfenych ukazateli krmné hodnoty a rovnéz
variabilita v pokusnych letech. Diference v produkci
dusikatych latek a stravitelné energic byly statisticky
vyznamné pouze mezi odridou je¢mene Tolar a testo-
vanymi ovsy, odrida Krona se pritkazné liila jen od
linie KM 195. Produkce nutri¢né nepfiznivych glukant
byla prukazné vyssi u odrudy Tolar neZ u bezpluchych
linii ovsa KM 191 a KM 195. V priipadé produkce ly-
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zinu a vyuZitelného proteinu z jednotky plochy nebyly
mezi testovanymi je¢meny a bezpluchymi ovsy statis-
ticky vyznamné rozdily, i kdyZ odrady Tolar a Krona
vykazaly absolutné mirné vys8i hodnoty. Jednoznacéné
statisticky prukazné diference mezi odradami je¢mene
a testovanymi materidly ovsa byly stanoveny pro pro-
dukei Skrobu, tuku a vldkniny. Zatimco v pripadé pro-
dukce $krobu byla stanovena diference ve prospéch jeé-
ment (v pruméru o cca 30 %), v pfipadé produkce tuku
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byly vyznamné vy&&i hodnoty zji§t€ny u ovsa (313,84—
393,31 kg/ha, tedy o cca 63 % vice nez u je¢mene).
Statisticky vyznamné rozdily v produkci vlikniny byly
nejen mezi jeCmenem a studovanymi ovsy, ale i napfi-
klad mezi odridou Abel a linii KM 187.

Vzijemné vztahy mezi studovanymi hospodaiskymi
znaky a kvalitativnimi ukazateli zrna bezpluchého ovsa
znazoriiuje tab. VIL Je zfejmé, Ze vynos zrna ani HTS
nejsou vyznamné negativné spojeny s Zidnym z ostat-
nich parametri. Nejvice statisticky vyznamnych nega-
tivnich vztaht k ostatnim ukazatelim bylo pozorovino
pro obsah N-liatek v zrné. Vysoce priukazné negativni
korelace byla vypoctena pro vztah s koncentraci lyzinu

v N-latkich (r = -0,77""). obsahem tuku (r = -0,82""),
ale i s hodnotami BHB (r=-0,75"") aNPU (r=-0,67").
Kladny vliv zvySeného obsahu NL byl prikazny pouze
v piipadé odvozeného ukazatele UP (r = 0.84 ). Zi-
porné vztahy k ostatnim parametrim vykazal i obsah
vlikniny, nejsilnﬂ?s‘i negativni vliv méla vliknina
s KSE (r = -0,76 ), kde po vylouceni jedné odlehlé
hodnoty dosdhl prislusny korelacni koeficient hodnoty
r=-091". Regresni zéavislost hodnot KSE na obsahu
vlakniny potom vyjadfila rovnice y = 96,23 — 0,103x
(obr. 1). ZvySeny obsah lyzinu v N-litkich a stejné
i obsah tuku ovlivnily kladné viechny ukazatele krmné
hodnoty zrna. Nejvyznamnéjsi korelaéni vziahy byly

VII. Korelaéni matice mezi hospoddfskymi znaky. obsahem Zivin a ukazateli kemné kvality zrna bezpluchého ovsa — Correlation matrixes
between commercial traits, nutrient content and feeding quality indicators of hull-less oat grain

Parametry' \8,/:(;;9 HTS? N-litky? Lyzin* (g/ll‘();z_gi;nN) Skrob® | Glukany® Tuk? Vliknina®
HTS? (® 0.01 1,00
N-litky?  (g/kg) -0.24 -0.28 1.00
Lyzin* (g/kg) 0,47 0.39 -0,52 1.00
Lyzin (g/16 g N) 043 040 -077" 0.94" 1.00
Skrob® (g/kg) 0,00 045 -0,56"" 022 0.38 1.00
Glukany®  (g/kg) 0,60 0,36 ~0.40 083" 077" 0.28 1.00
Tuk? (g/kg) 0.35 0,12 -0.82"" 073" 087" 0.38 0.48 1.00
Vidknina®  (g/kg) 0,08 -0.07 0.1 -0.31 -0.27 -0.58" ~0.34 -0,23 1,00
BE (MJ/kg) 0.42 0.28 -037 0,65 0.62° 0.39 0.56° 0.40 -0.15
SE (MJ/kg) 0.30 030 -0,24 0.64" 0.56° 0,48 0.54 0.29 ~0.46
KSE (%) 0,02 0.22 0,05 0.39 0.26 0.42 0.32 0,02 -0.76"
KSs (%) -0.06 -0.08 -0,07 0.52 0.41 -0.22 0.08 0.31 -0.16
BHB 0.24 0,49 -0.75" 068" 081" 0.40 0.48 0777 | -0.21
NPU 0.19 0.40 -0.67" 075" 0.83"" 0.29 0.44 0777 | -0.24
NB (mg/den) 0,02 0,07 -0.22 0,42 0.41 0.23 0,12 0.51 -0,50
NB/NP (%) 0.07 0,24 -0.30 0,49 0.49 0.20 0.16 0.53 -0.37
up (g/kg) -0.19 -0.07 084" | -016 -0,43 -0.54 -0.22 -0,54 -0,01
"P<00s: 7 P00l
'parameters, TGW, *proteins. *lysine, *starch, “glucans. "fat. *fiber. "yicld
950 + 36 T
%5 + O o ud
940 — S
Foss ° . @ E =7
2930 | y=9623-0,103c \.\Q_\ E wt y--JL"‘I';‘l:-.Au!
X 925 +  r=-091"* \\\_\\ ° F % il R
920 | L \.\. o (]
91.S ° 26T °
91.0 — cemis e ! = T 29— o = | e—— e i
150 200 250 300 380 400 450 S 60 62 64 6 6 70 72 74 16 78 80
Viiknins (/kg) tuk (e/ke)
1. Regrese hodnot koeficientu bilancni stravitelnodsti energie na ob- 2. Regrese obsahu vi ycenych ych kyselin na obsah
sah vldkniny v zrné bezpluchého ovsa — Reg| of the values of  tuku v zrn& bezpluchého ovsa — Regression of poly d farty

energy digestibility coefficient on fiber content in hull-less oat grain
vldknina = fiber
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acid content on fat content in hull-less oat grain

vicenenasycené mastné kyseliny = polyunsaturated fatty acids: tuk = fat
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stanoveny mezi koncentraci lyzinu a NPU (r = 0,83"),
resp. BHB (r= 0,81"). Obdobny vztah byl nalezen i me-
zi obsahem tuku a ob&ma ukazateli (shodné r= 0,77 ).
Celkovy obsah tuku v zrné bezpluchych ovsi kladné
koreloval se sumou vicenenasycenych mastnych kyse-
lin(r= 0.96"), pficemz pfislu$nd regresni rovnice mé-
la podobu y = -3,71 + 0,488x (obr. 2).

DISKUSE

Hospodarsky vyznam ovsa spociva predevSim ve vy-
sokém obsahu nutri¢né cennych latek v zrné. I kdyz
jsou bézné péstované odridy na jedné strané zdrojem
biologicky hodnotnych NL, tuku a vysoce stravitelné
energie, na druhé stran& obsahuji i znatné mnoZstvi ne-
pfiznivé pusobici vlakniny (De Stefanis et al., 1993).
Zejména z tohoto diivodu je akcentovédna tvorba bez-
pluchych ovsu, a to i pfesto, Ze mezi bezpluchymi ovsy
péstovanymi v ruznych geografickych oblastech exis-
tuji i znacné rozdily (Barr et al., 1996). Zatimco napii-
klad Flinn a Foot (1992) dokumentovali velmi nizky
obsah NL v zrné australskych ovst (v priméru pod
9 %), v nasich podminkach patfi oves rozhodné k obil-
nindm bohat§im na dusik. Ve v8ech letech piekonal
testované odridy jemene v celkovém obsahu NL i v ab-
solutnim mnoZstvi esencidlni aminokyseliny lyzinu, a¢-
koliv pravé z davodu vyssiho obsahu NL nebyl zji§tén
vy38i podil této aminokyseliny oproti je¢meni. Ostatn&
i v pfipadé dalSich Zivin jsme v na§em pokuse nezazna-
menali vyznamnou variabilitu a diference vici je¢me-
ni. Nizka az stfedni aroven proménlivosti obsahu Zivin
zrna testovanych odrid je¢mene, na rozdil od stfedni
az vyssi proménlivosti, kterou jsme zjistili v naSich dfi-
véjsich pokusech (Vaculovi, Heger, 1998), ziejmé souvi-
si s volbou odrid pro dany experiment. Na rozdil od
zavéru autora Campbell (1996b), ktery konstatuje, Ze oves
obsahuje v priméru vyznamné méné skrobu (46,8 %) nez
jeémen (60,4 %), byly naSe materidly v podstaté s jed-
menem v tomto znaku totoZné. Pravdépodobné se na
uvedené skuteénosti podili i fakt, Ze se jedna o bezplu-
ché genotypy. Prumérnymi obsahy Zivin se testované
ovsy blizily hodnotdm, které napf. Hampshire a Ganss-
mann (1996) uvadéji pro némecké odrady, a to i hmot-
nosti zrna (bereme-li v potaz odpocet na obsah pluch).
Campbell (1996a) se domniva, Ze pii souCasné roli,
kterou oves hraje jako koncentrované krmivo, maji plu-
chy vyrazné negativni postaveni, nebot nejsou nositeli
energic a naopak vykazuji v dusledku svého sloZeni
tzv. ,fedici efekt”. Zahranic¢ni i naSe souCasné a také
drivéjsi vysledky (Hubik er al., 1994) ukazuji, Ze pravé
v odli$ném obsahu vldkniny tkvi nejvyznamnéjsi rozdil
obou typti ovsa. Zatimco Hampshire a Ganssmann (1996)
pozorovali kolisani obsahu vlakniny u pluchatych ma-
teridld v rozsahu 23 % (némecké odrudy) az 29,6 %
(australské materidly), bezpluché ovsy v naSem pokusu
vykazovaly v priméru 3,1 % vlakniny a minimalni hod-
nota dokonce doséhla pouze 1,73 %, coZ je o vice neZ
35 % méné neZ u jeCmene. Statisticky prukazné rozdi-

CZECH J. ANIM. SCI., 44, 1999: 169-177

ly, které jsme pozorovali v pfipadé obsahu vlikniny
u odridy Abel a novych linii KM 187 a KM 195, mo-
hou rovnéZ souviset se znamymi diferencemi ve vysky-
tu pluchatych zrn v ramci nekomplexni nebo promén-
livé exprese znaku nahozrnnosti (Barr et al., 1996).

Zv1astni misto mezi Zivinami zaujimaji neSkrobové
polysacharidy typu beta-glukan, které funguji jako po-
tencidlni antinutri¢ni faktor. Podle fady vyzkumnych
praci (Campbell, 1996b; Farrell et al., 1992; Kalac,
Mika, 1997) je u bezpluchych ovsi pozorovéna vyssi
hladina BG, coZ se negativné odraZi predevsim pri vy-
krmu citlivych monogastrl, v prvé fadé driibeZe. V na-
Sem pokusu prevysil primérny obsah BG u ovsa hodnoty
ziskané pro je¢men; statisticky vyznamné diference jsme
pozorovali i mezi jednotlivymi bezpluchymi ovsy. Jako
nejhorsi z tohoto pohledu byla hodnocena odrida Abel.

Vyse diskutované diference v nutricni charakteristice
zrna ovsa v porovndni s jarnimi je¢meny rezultovaly
v bilan¢nich pokusech v pomérné jednoznacné zavéry.
Nami sledované ovsy piekonéavaly ob& odrudy je¢mene
ve viech krmnych ukazatelich, avSak mezi jednotlivy-
mi bezpluchymi materialy ovsa byly zjiStény prukazné
diference pouze v hodnotich stravitelnosti energie
(KSE a SE). Minimalni zji$téné rozdily souvisi zfejmé
opét s vybérem materidlii k testovéni, nebot Cuddeford
et al. (1992) v pokusech s krmenim koni dogli k zavéru,
Ze bezpluchy oves ma v porovnani s pluchatym ovsem
0 28 % vyssi obsah stravitelné energie a muZe tedy pl-
né nahradit dosud pouZivanou kukufici. Podle jejich
propocti mize 0,78 kg zrna bezpluchého ovsa rovno-
cenn& nahradit 1 kg zrna ovsa pluchatého, &imZ lze
vyznamné zredukovat celkovy objem zkrmované hmoty.

1 kdyZ bylo vyzkumné dokazano, Ze na zvySeny obsah
vldkniny a neskrobovych polysacharidii nejvice nepiiz-
nivé reaguje drubeZ, existuje celd fada praci o jejich
obdobném pusobeni u prasat a koni (Barr et al., 1996;
Farrell et al., 1992; Thomke 1988). Oproti slabému vlivu
vlakniny na stravitelnost energie, zji§ténému v poku-
sech s je¢menem (Vaculovd, Heger, 1998), v pfipadé
bilan¢nich testi s bezpluchymi ovsy byla mezi KSE
a obsahem vldkniny vypodtena vysoce vyznamna nega-
tivni korelace. Prisluiny regresni vztah potvrdil tento
vliv a demonstroval pokles hodnot KSE o 1,03 % s kaz-
dym zvySenim obsahu vlakniny o 10 g/kg.

Uvedené bilanéni pokusy s laboratornimi potkany jsou
méné vypovidajici pro objasnéni prezentované antinut-
riéni dlohy BG. V daném pokusu byly zjisté€né parové
korelacni koeficienty BG s ostatnimi Zivinami (kromé
vldkniny) a krmnymi ukazateli (s vyjimkou UP) do-
konce neprikazné kladné a ani pouZiti metody parcidl-
nich koeficientd neprokazalo jejich ofekéavany statistic-
ky vyznamny negativni vliv (Vaculova, nepublikované
udaje). Vychéazime-li z predpokladu podobného meta-
bolismu laboratornich potkant s prasaty, 1ze doporudit
zafazeni bezpluchych ovsti do krmnych davek pro pra-
sata ve vykrmu bez vét§ich omezeni. K obdobnym za-
véram do§li i Burrows er al. (1992), ktefi uvadéji, ze
az 97% podil bezpluchého ovsa rezultoval ve stejné
pfiristky a obdobnou konverzi krmiva jako pfi pouZiti
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kukufi¢no-séjové smési. Uvedeni autoii dokonce kon-
statuji, Ze z hlediska kvality masa byl oves lepsi, nebot
byla zjiSténa lepsi textura, vybarveni i struktura svalo-
viny. Odli§né vysledky byly vsak zji§tény pfi pouziti
obilnin se zvySenym obsahem BG ve vykrmu mladat.
Jak ve startérovych dietiach pii vykrmu brojlerovych
kurat, krit nebo i selat, tak i pfi vykrmu nosnic byly
pijatelné davky bezpluchého ovsa limilované, protoze
pii zvySeni podilu ovsa v krmivu dochéazelo k vySe uve-
dené depresi rustu a snizené konverzi krmiva. A tak
tiebaze Burrows et al. (1992) dosli k zavéru, Ze obsah
BG niz8i nez 2,3 % je uspokojivy, Cave ef al. (1992 -
cit. Burrows et al., 1992) povaZuji za pripustnou pro
krmeni kufat pouze hladinu BG niZsi nez 1.6 %. To-
muto pozadavku by mohly vyhovovat pouze nékteré
bezpluché je¢meny (Vaculova, Heger, 1998).

Soucasna krmivaiska praxe (Barr ef al., 1996; Camp-
bell, 1996a) doporucuje u citlivych monogastra pouZiti
enzymovych prepardtil, zejména beta-glukandzy a fos-
fatazy, které spolehlivé sniZi nepfiznivé antinutricni
pusobeni nékterych slozek zrna a pfitom zistanou za-
chovany nutri¢ni prednosti ovsa, jako je lepsi AK profil
zrna, vysoky obsah tuku s pfiznivym zastoupenim ne-
nasycenych MK apod.

Veétsi krmivarské uplatnéni bezpluchych ovsi vy-
péstovanych v naSich ptdné-klimatickych podminkach
vyzaduje zvdzit redlné prednosti zrna z hlediska jeho
krmné hodnoty s produkcei jednotlivych Zivin a energie
z jednotky plochy. Vysoké vynosy obou odrid je¢mene
vedly k prikazné vysSi produkci NL a Skrobu z hektaru,
avSak soucCasné byla statisticky prikazné vySsi i tvorba
nezadouci vldkniny a BG. Vzhledem k tomu, Ze s pro-
dukci ovsa pocitame do lokalit s méné pfiznivymi pés-
titelskymi podminkami, nebot oves neni citlivy k vys-
§im srazkam a nizkému pH puady, jsou pro péstitele
prijatelné materialy bezpluchého ovsa s vynosovym po-
tencidlem vys$§im nez 70 % standardnich krmnych obil-
nin (pluchatého ovsa nebo jecmene). Podle ddaju, které
uvadéji Barr et al. (1996), je vynosovy potencidl bez-
pluchych ovsu 65-80 % pluchatych odrid a z tohoto
pohledu je ziejmé mozné vést vhodné zaméfenou se-
lekci na vyssi vynos zrna. Nase vysledky dokladuji, Ze
vynos zrna ani HTS nebyly nepfiznivé spojeny s Zad-
nym z dualezitych parametri krmné kvality zrna a s vy-
jimkou BG ani s obsahem sledovanych Zivin. Ackoliv
v na§em pfipadé byla zji§téna prikazna kladna korelace
vynosu zrna s obsahem BG, jini autofi nena$li mezi
témito parametry Zadny vztah (Burrows et al., 1992).

Lepsi AK profil zrna ovsa (Campbell, 1996b) oproti
je¢meni rezultoval v naSem pokusu spolu s vy§§im ob-
sahem NL v porovnatelnou produkci vyuzitelného pro-
teinu. Vzhledem k tomu, Ze ovesny protein je charak-
terizovan odlisnym zastoupenim jednotlivych frakci ve
prospéch globulini a sniZeni prolamina a glutelind
(Sanne, 1988), nedochazi spolu se zvySovanim obsahu
NL k tak vyraznému sniZeni jeho biologické hodnoty
jako u je¢mene (Hubik et al., 1994: Thomke, 1988).
Néami sledované materidly bezpluchého ovsa oviem tu-
to skute¢nost pIné nepotvrzovaly a obsah NL byl v zi-
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porném vztahu k naméfenym hodnotim obsahu i kon-
centrace lyzinu.

K vysoké energetické hodnoté zrna ovsa piispiva
vysoky obsah tuku, ktery je charakterizovan pomérné
vysokym zastoupenim nenasycenych MK (Sanne, 1988;
Thomke, 1988) Jednoznaéné a obecné znamé diference
mezi ob&ma druhy potvrdilo i naSe sledovini. Je viak
zarovei (feba konstatovat, Ze v ramci danych bezplu-
chych ovsii bude vybér vzdjemné odlinych material
v tomto znaku nebo zastoupeni hlavnich MK asi malo
uspésny. Produkce tuku z jednotky plochy u ovsa vSak
v praméru 2,7krat prevySila hodnoty dosazené u jecme-
ni. Vys§i obsah a lepsi skladba MK ovliviiuji nejen
prirtstky, ale i kvalitu konec¢nych Zivocisnych produkti.
Jsou zndmy price referujici o prikaznych diferencich
ve sloZeni tuku z vajec, ziskanych v chovech krmenych
ovsem, kde oproti dieté s pSenici do§lo k naristu obsa-
hu kyseliny linolové z 10,7 na 15,7 % (Farrcll et al.,
1992). Sanne (1988) uvddi pozitivni efekt ovesného
tuku na kvalitu mléka ve smyslu zvySeni obsahu mono-
a vicenenasycenych MK. Je potéSujici, Ze naSe vysledky
potvrzuji narast obsahu vicenenasycenych MK o zhru-
ba 0,5 g/kg s kazdym zvySenim obsahu tuku o | g/kg.
Je tieba zduraznit, Ze i kdyZ jsme pracovali s malym
souborem bezpluchych ovsii a v disledku mezirocniko-
vé proménlivosti nebyly zjisténé rozdily v obsahu tuku
mezi novymi liniemi prikazné, v ramci svétovych ko-
lekci ovsa existuji materidly s vyznamné odlisnym ob-
sahem i sloZenim tuku (Thomke, 1988), které mohou
byt vyuzZity ve Slechténi novych odrid bezpluchého ov-
sa, vhodnych pro diferencovany vykrm hospodaiskych
zvirat.
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EFFECT OF THE COMPOSITION OF COMMERCIAL FEED
MIXTURE ON TOTAL LIPID, CHOLESTEROL AND FATTY
ACIDS CONTENT IN BROILER CHICKEN MEAT"

VLIV SLOZENI KOMERCNI KRMNE SMESI NA OBSAH CELKOVYCH
LIPIDU, CHOLESTEROLU A MASTNYCH KYSELIN V MASE
KURECICH BROJLERU

T. Komprdal, J. Zelenka!, P. Tieffov4?, M. Stohandlov?, J. Foltyn?

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2State Plant Protection Administration, Brno, Czech Republic

ABSTRACT: Four sets of chickens (10, 12, 20 and 12 birds, respectively) were included in four cycles of the commercial
fattening. The fatty acid pattern of feed mixtures used in the cycles varied due to the different ratios of the feed mixture
components. The linoleic : alpha-linolenic acid ratio in the diet varied in the range 5.2—41.0. Total lipid content in breast and
thigh meat of the chickens was determined after the tissue extraction by a hexane/isopropanol mixture. Cholesterol was
determined by liquid chromatography and fifteen fatty acids by gas chromatography. The different composition of the feed
mixture did not influence cholesterol content in breast or thigh meat. However, cholesterol concentration in total lipids
increased both in breast meat and thigh meat with decreasing linoleic acid content (R* = 85%. P < 0.05 and R* = 99%. P < 0.01,
respectively) and with increasing palmitic acid content (R* = 96%, P < 0.01 and R* = 97%, P < 0.01, respectively) in the
diet. Linoleic acid and alpha-linolenic acid content differed significantly between the feeding cycles (P < 0.01) both in breast
and in thigh meat. Polyunsaturated fatty acid (PUFA) n6/n3 ratio of the diet influenced PUFAn6/n3 ratio in breast muscle
(R = 85%, P < 0.05) but not in thigh muscle (R> = 28%, P > 0.05).

Keywords: cholesterol; fatty acids; PUFAn6/n3 ratio; chickens

ABSTRAKT: Soubory kufat (10, 12, 20 a 12 kusi) pochazejici ze ¢tyf zastavih byly odebriny vZdy po ukonceni komeréniho
vykrmu krmnou smési BR2. PouZité krmné smési se li§ily pom&rem mastnych kyselin v lipidové frakci (tab. II) v disledku
rizného zastoupeni jednotlivych komponent dané krmné smési (tab. I). Pomér kyseliny linolové a alfa-linolenové se ménil
v rozsahu 5,2-41,0. V prsni a stehenni svaloviné kufat byl stanoven obsah celkovych lipidii (po extrakci tkdné smé&si he-
xan/izopropanol), obsah cholesterolu (kapalinovou chromatografii) a mastnych kyselin (plynovou chromarografii). Odlisné
sloZeni krmné smési neovlivnilo obsah cholesterolu v mase kufat. Koncentrace cholesterolu v celkovych lipidech prsni svaloviny
(tab. T11) i stehenni svaloviny (tab. 1V) se viak zvySovala s poklesem obsahu kyseliny linolové v krmné smési (R* = 85 %,
P < 0,05, resp. R* =99 %, P < 0,01) a se vzristem obsahu kyseliny palmitové v krmné smési (R* =96 %, P < 0,01, resp.
R*=97 %, P <0,01). Obsah kyseliny linolové i linolenové v prsni i stehenni svaloving se mezi vykrmovymi cykly priikazné
li§il (P < 0,01). Pomé&r n6/n3 polynenasycenych mastnych kyselin v krmné smési ovlivnil tento pomér v prsni svaloviné (R* =85 %,
P < 0,05), nikoliv ve stehenni svaloving (Rz =28 %, P > 0,05).

Kli¢ova slova: cholesterol; mastné kyseliny: PUFAn6/n3; kufata

INTRODUCTION

Chicken meat is currently considered a dietetically
suitable food. Despite this fact, techniques are being
developed to decrease cholesterol content (relatively
high in the dark meat) or to increase proportion of
PUFAnN3, especially eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) (Leskanich, Noble, 1997).

Cholesterol content in chicken tissues is possible to
influence by the source of dietary fat, which differs in
FA composition (Ajuyah et al., 1991) or by the copper
content of the diet (Konjufca et al., 1997).

As far as the fatty acid pattern of the lipid fraction
of broiler chicken meat is concerned, the effect of the
content in the diet of soybean oil, rapeseed oil (Hrdinka
et al., 1996), linseed (Ochrimenko et al., 1997), canola

* This work was financially supported by the Grant Agency of the Czech Republic (project No. 525/97/0095).
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seeds or fish meal (Ajuyah et al., 1992) is evaluated
most frequently. The possibilities to manipulate the ra-
tio of the individual fatty acids in chicken meat were

summarized by Leskanich and Noble (1997): linoleic -

acid content is possible to increase by feeding soybean
oil, PUFAN3 deposition is increased using fish oil or
fishmeal in the diet.

Commercial feed mixtures have a relatively stable
composition regarding crude protein, crude fat; and
crude fibre. However, due to the varying content and
quality of the individual ingredients for production of
these mixtures, changes in the fatty acid composition
of a diet are possible to expect. The objective of the
study was to find whether these, not purposefully done,
changes are possible to influence cholesterol and fatty
acid content in breast or thigh meat of commercially
fattened broiler chickens.

MATERIALS AND METHODS

Chickens and their diet. Cockerels of the hybrid
ROSS 208 were included in four feeding cycles in 1997:
February (10 chickens), April (12 chickens), June
(20 chickens) and December (12 chickens). Chickens
were always taken at the age of 42 days when a com-
mercial fattening was finished. Stocking density
(16 birds/m?') was constant within the whole experi-
ment, The temperature in the broiler house was main-
tained according to the recommendations of the pro-
ducer of ROSS 208 chickens within each feeding cycle.

Chickens received the commercial feed mixture BR2
within last two thirds of the fattening. Ingredient com-
position of mixtures within the experiment is shown in
Table I. Nutrient composition, including the fatty acid
pattern, is presented in Table II.

Chickens were slaughtered at the commercial slaugh-
ter. Breast meat and thigh meat was separated after

I. Ingredients of the commercial feed mixture within the experiments

irigredient I Collection

1 11 i v
Maize meal 457 150 150 300
Wheat meal 280 621 621 398
Soybean meal 143 71 71 150
Rapeseed meal - = = 50
Meat-and-bone meal 59 65 65 30
Torula yeast - 50 50 15
Animal fat 20 - - -
Sunflower oil 9 - - -
Rapeseed oil - 25 25 30
Supplementary premix 12 12 12 12
Dicalcium phosphate 10 2 2 6
Calcium carbonate 8 3 3 7
Sodium chloride 2 1 I 2

1) g/kg (on air dry basis)
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cooling. Muscle tissue was rid of skin and visible ex-
ternal fat, intermuscular fat was left in the muscle.
The separated tissues were weighed, and dry matter,
protein and total lipids after extraction with diethyl ether
were determined immediately. The remaining parts of
the tissues were frozen and stored at —20 °C in dark
glass powder bottles until successive analyses of cho-
lesterol and FA, including total lipid after extraction
with hexane/isopropanol, were performed.

Chemical analyses. Following analytes were deter-
mined:

— dry matter (Czech standard CSN 57 0185);

— total nitrogen (according to Kjeldahl; crude protein
calculated using the factor 6.25, CSN 57 0185);

— total lipids in the diet (extraction with diethyl ether
under the reflux 5 hours, CSN 57 0185; this extrac-
tion was also used for the determination of total
lipids in the chicken tissues as a comparative value
for the hexane/isopropanol, HIP, extract);

— total lipids (HIP extract) in the chicken tissues (mo-
dification of the method of Hara and Radin, 1978);
HIP extract was also used for cholesterol (HPLC)
and FA (GLC) determination;

— total cholesterol (modification of the procedure of
Arneth and Al-Ahmad, 1995);

— FA in the diet and in the chicken tissues (modifica-
tion of the methods of Morrison and Smith, 1964;
Bannon et al., 1982; Ichihara et al., 1996; Sattler et
al., 1996).

Extraction of total lipids from chicken tissues. 50 g
(breast meat) or 15 g (thigh meat) of the sample was
extracted | minute with 180 ml HIP (hexane : 2-propanol
3 : 2, v/v) in the Ultra-Turrax homogenizer. The mix-

I1. Nutrient composition, including fatty acid pattern, of the com-
mercial feed mixture used in four feeding cycles (means of two
measurements)

Nutrient component Fecdinie Gy sl

1 I n v
Dry matter (%) 90 89 89 90
Crude fibre!  (g/kg) 20 18 19 28
Crude protein' (g/kg) 176 191 173 175
Total lipid'?  (g/kg) 49 48 50 48
Cl4:0} (%) 0.8 0.2 0.2 0.2
C16:0} (%) 19.9 1.1 1.6 11.2
cle:4? (%) 1.3 0.8 0.7 0.9
C18:0} (%) 8.7 3.1 39 33
cis:1? (%) 33.5 428 33.1 38.7
C18:2n6° (%) 328 33.7 45.1 388
Cl18:3n3} (%) 0.8 6.5 4.1 5.0
C18:2n6/C18:3n3 41.0 52 1.0 78
C20:13 (%) 22 1.8 1.3 1.9

| — on air dry basis
2 - ether extract
3 — on sum of fatty acids basis
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ture was filtered through the Biichner funnel. 120 ml
of the aqueous solution of Na,SO,4 (1 g of anhydrous
salt in 15 ml of water) was added. After shaking and
separation of the layers in the separation funnel, the
hexane layer was filtered through anhydrous Na,SO4
to 200 ml volumetric flask. Water layer was reextracted
with 50 ml of HIP (7 : 2, v/v), the hexane layer after
reextraction was (after drying with anhydrous Na,SO,4)
added to 200 ml volumetric flask and the volume
(200 ml) was completed with hexane. The 30 ml ali-
quot was taken into the test tube with stopper for the
GC analysis. The rest was transferred to the 250 ml
round-bottom flask and the content was evaporated on
a rotary vacuum evaporator at 40 °C, Evaporation was
finished under nitrogen, total lipids were determined
gravimetrically. The residue was used for the choles-
terol HPLC determination.

Cholesterol determination. The solid residue after
the HIP extraction was redissolved in 30 ml HIP (3 : 2,
v/v). 1 ml of the redissolved sample was pipetted to the
separation funnel. 10 ml of sodium methoxide (3.2 g of
NaOH dissolved in 48 ml CH;OH, added 32 ml of
diethyl ether and 0.012 g of phenolphthalein) was added
and the sample was left at the room temperature for 30 mi-
nutes. Methanolic HCI (150 ml of HCI and 675 ml of
methanol) was added, sample was shaken with 30 ml
of hexane, filtered through anhydrous Na,SO4 and
evaporated to dryness. 2 ml of acetonitril: 2-propanol
(8 : 2, v/v) mixture was added to the solid residue. The
sample was analysed by HPLC on Spherisorb C8 column
(5 pm, 250 x 4.6 mm, Pye-Unicam, England). Injection
volume was 10 pl. Mobile phase was acetonitril : water
(96 : 4, v/v), flow rate 1.5 ml/min (PU 4010 pump,
Pye-Unicam, England). Cholesterol was detected using
UV detector (SPD-6A, Schimadzu, Japan) at 210 nm.

Fatty acids determination. The aliquot (40-60 mg)
of the cleaned HIP extract was evaporated to dryness
under nitrogen, solid residue was weighed in the reac-
tion flask and 2 ml of isooctane with the internal stan-
dard (2.5 mg C15:0/ml isooctane) and | ml of BHT
(butylated hydroxytoluen, 1% solution in CH;0H;
Sigma) to prevent oxidation were added. 2 ml of 0.5N
methanolic solution of CH;ONa (1.15 g Na/100 ml
CH;0H) was added after ultrasonic homogenization and
the mixture was boiled 5 minutes under the reflux. 14%
solution of BF; in CH;OH was added through the con-
denser and the mixture was refluxed for further 5 minu-
tes. The heating was removed, 2 ml of isooctane was
added, sample was shaken and left to stand 1 minute.
5 ml of saturated aqueous solution of NaCl were added
and the mixture was shaken vigorously 15 seconds
while tepid. Organic layer was transferred into the test
tube and 2 pl were injected into the GLC (gas liquid
chromatography) column.

GLC analysis of FA methyl esters (FAME) was per-
formed on HRGC 5300 MEGA chromatograph (CE In-
struments, Italy) with FID and integrator C-R4A Chro-
matopac (Shimadzu, Japan). The capillary column with
PEG bound phase 25 m x 0.32 mm x 0.2 pm (CP-WAX
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52 CB, Chrompack, Holland) was used with the follow-
ing temperature programme: 175/200/240 °C, tempera-
ture was held 7/2/10 minutes, rate of heating was
20/10 °C/min; injector temperature was 270 °C, detec-
tor temperature 250 °C. Carrier gas was N,, flow rate
0.6 ml/min.

PUFA no. 2 (Animal Source, Supelco) and Ofl Refe-
rence Standard no. 6 (Sigma) were used in FAMEs
identification in addition to the internal standard. The
following FA were determined in chicken tissues:
C14:0, C16:0, C18:0, Cl6:1, C18:1, C20:1, C18: 2n6,
C18:3n6, C20:4n6, C22:4n6, C22:5n6, CI18:3n3,
C20:5n3, C22:5n3, C22:6n3. The content of the single
FA was expressed as a per cent of the sum of all ana-
lysed FA.

Statistical evaluation

The differences in the content of individual analytes
within a given chicken tissue between four collections
were tested by means of the one-way classification of
the variance ratio test, including a mutual comparison
of the means using Duncan test.

The dependences of the selected twenty-one ana-
lytes determined in the chicken tissues on the nutrient
components of the diet were tested using regression
analysis. Seven nutrient components of the diet (those
that substantially differed between four collections,
Table II) were used as the independent variables (7 x 21
relationships were evaluated within the given chicken
tissue). Significance of the terms of linear and polyno-
mical regression were tested, coefficients of determi-
nation were evaluated.

RESULTS

Total lipid content of the diet (Table II) was rela-
tively constant in four modifications of the feeding
mixture. The most substantial differences (P < 0.01) in
the composition of the lipid fraction of the diet re-
garded oleic acid (C18:1n9, its ratio fluctuated in the
range 33.1-42.8% of the sum of fatty acids), linoleic
acid (C18:2n6, 32.8-45.1%) and alpha-linolenic acid
(C18:3n3, 0.8-6.5%). The ratio C18:2n6/C18:3n3 dif-
fered in the range 5.2—41.0 in the diet (Table II).

The content of crude protein, total lipids (HIP ex-
tract), cholesterol and fatty acids in breast meat and
thigh meat of the chickens within four feeding cycles
is presented in Table III and IV, respectively.

Total lipid content in breast meat and thigh meat was
in the range 1.1-2.4% and 4.7-8.6% of fresh matter, re-
spectively, and differed between the feeding cycles
(P < 0.01). However, the influence of the single com-
ponents of the diet on total lipid content was proved only
in thigh muscle in the case of myristic acid (R2 = 87%,
P < 0.05), palmitic acid (R* = 99%, P < 0.01) and
linoleic acid (R? = 95%, P < 0.01).
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111. Breast muscle composition of broiler chickens fed commercial feed mixtures

Mean + standard error of the mean
Trait FC1 FCIl FC 11l FC IV
n=10 n=12 n=20 n=12

Crude protein’ (%) 227"+ 021 239"+ 0.20 238"+ 0.13 238"+ 0.17
Total lipid'? (%) 11" £ 0.07 1.8+ 0.29 2.4°%0.21 1.4+ 0.15
Cholesterol' (mg/100 g) 44.0" £ 0.81 429"+ 3.29 433"+ 091 392"+ 2,19
Cholesterol? (%) 42°40.12 2.5+ 028 19"+ 0.03 29"+ 0.20
Cl4:04 (%) 0.6" + 0.02 0.6"+ 0.01 0.5" + 0.02 0.4*+ 0.01
cl16:0* (%) 241"+ 041 2271+ 031 229"+ 0.20 217"+ 0.21
C18:0* (%) 7.5"+0.24 6.5+ 0.19 6.5"+0.14 7.0+ 0.19
ISFA%S (%) 322"+ 035 29.8"+ 0.31 29.9+0.23 29.1"+0.15
cl6:14 (%) 6.7"+ 031 5.7+ 0.25 56"+ 0.16 524025
cig:14 (%) 356"+ 0.33 41.7" £ 0.57 40.4" + 0.42 36.7'+ 0.58
C20: 14 (%) 0.6"+0.03 0.6" £ 0.02 0.5+ 0.01 0.5" £ 0.02
EMUFA*6 (%) 429"+ 0.57 48.0" +.0.65 46.5" + 0.50 424"+ 081
CI18:2n6* (%) 18.3"+ 0.50 15.6" 031 18.4"+ 0.42 21.3°+ 0.43
CI8:3n6* (%) 0.2+ 0.01 0.1+ 0.01 0.2+ 0.01 0.1 % 0.01
C20:4n6* (%) 34"+ 021 1.6"+ 0.15 1.3+ 0.09 29"+ 0.30
C22:4n6* (%) 1.0" + 0.08 0.3"+0.03 0.3" £ 0.02 0.8"+0.07
C22:5n6% (%) 0.3+ 0.02 0.1+ 0.01 0.1+ 0.01 0.2"+0.02
ZPUFAnG* (%) 232"+ 0.72 17.7" £ 0.41 20.3*" & 0.47 25.3°+0.70
CI18:3n3* (%) 0.5+ 0.03 2.2+ 0.06 1754+ 0.03 0.9Y+0.03
C20:5n3* (%) 0.2"+ 0.02 0.4"+0.03 0.3"+ 0.01 0.3+ 0.02
C22:5n34 (%) 0.5+ 0.03 0.8"+ 0,08 0.5+ 0.03 0.8"+ 0.06
C22:6n3* (%) 0.5" + 0.04 11"+ 0.3 0.8+ 0.04 12"+ 0.11
ZPUFAn3* (%) 1.7° £ 0.08 454 0.19 33"+ 0.08 32"+ 0.16
ZPUFA%7 (%) 24.9*"+0.78 22.2"+ 0.56 23.6" £ 0.55 28.5"+ 0.82
PUFANG/PUFAN3 13.6" £ 0.49 3.9°+0.13 6.2"+0.10 7.9+ 0.22
PUFA/SFA 0.8+ 0.03 0.7+ 0.02 0.8" + 0.02 1.0+ 0.03
PUFA/MUFA 0.6"" +0.03 0.5"+0.02 0.5+ 0.02 0.7+ 0.03
MUFA/SFA 137+ 0,02 1.6°+ 0.03 1.6 + 0.02 1.5+ 0.03

For Tables 111 and 1V:

| — on fresh matter basis

2 — hexane/isopropanol extract
3 - on total lipid basis

4 - on sum of fatty acids basis

S — saturated fatty acids

6 — monounsaturated fatty acids
7 - polyunsaturated fatty acids
FC = feeding cycle

a, b. ¢. d = means with different superscripts in the lines differ significantly (P < 0.01)

Cholesterol content (in mg/100 g of the fresh matter)
did not differ between the feeding cycles (P > 0.05)
either in breast meat or in thigh meat. However, sig-
nificant differences (P < 0.01) among collections were
found in the cholesterol concentration in total lipids
both in breast muscles (the range of the values 1.94.2%
of total lipid, Table IIT) and in thigh muscles (0.7-1.6%,
Table IV). Cholesterol concentration in total lipids of
the chicken tissues increased with the increusinﬁ palmi-
tic acid content in the diet (R* = 96% and R* = 97%
for breast meat and thigh meat, P < 0.01) and with the
decreasing linoleic acid content in the diet (R* = 85%,
P < 0.05 and R = 99%, P < 0.01 for breast and thigh
meat, respectively).
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The sum of saturated fatty acids (SFA) differed
(P < 0.01) between the collections in breast meat
(29.1-32.2% of total fatty acids) and in thigh meat
(28.0-32.3%). SFA ratio in the chicken meat was in-
fluenced by myristic acid (R*=95% and 95% for breast
meat and thigh meat, P < 0.01), and stearic acid content
in the diet (R% = 96% and 98% for breast and thigh
meat, respectively, P < 0.01).

The sum of monounsaturated fatty acids (MUFA)
and polyunsaturated fatty acids (PUFA) both in breast
and in thigh meat differed significantly (P < 0.01) be-
tween the feeding cycles.

The ratio of PUFAn6/PUFAN3 in breast meat
(3.9-13.6) and thigh meat (4.9-19.2) differed very con-
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’
1V. Thigh muscle composition of broiler chickens fed commercial feed mixtures

Mean = standard error of the mean
Trait FC1 FC I FC 111 FC IV
n=10 n=12 n=20 n=12

Crude protein' (%) 193*+0.10 19.5"+ 0.16 19.4° % 0.14 19.2" + 0.23
Total lipid!:2 (%) 47+ 024 7.3+ 039 8.6"+0.30 74"+ 033
Cholesterol! (mg/100 g) 714"+ 1.67 76.2" + 6.83 62.3" % 1.56 63.2"+2.18
Cholesterol* (%) 1.6°+ 0.09 L1°+0.10 0.7+ 0.03 0.9+ 0.05
Cl14:0* (%) 0.6"+0.03 0.6+ 0.02 0.6+ 0.02 0.5+ 0.01
C16:0* (%) 252"+ 0.46 223"+ 0.38 22,5+ 0.26 217"+ 0.25
C18:0* (%) 6.5"+0.19 57+ 0.1 6.0"+0.17 5.8+ 0.15
ZSFA%S (%) 323"+ 041 28.6" + 0.39 29.1" + 0.38 28.0" + 0.23
cl6:14 (%) 8.6"+ 0.54 6.8"+ 0.28 6.2°+0.14 6.5"+0.17
cig:14 (%) 38.3" + 0.60 44.1°£ 0.51 41.7°+0.38 40.2*" + 0.46
€20:1¢ (%) 0.6"+ 0.04 0.5"+ 0.04 0.5"+ 0.01 0.5"+ 0,01
EMUFA*6 (%) 47.5" + 0.59 51.4" £ 0.50 48.4" + 0.47 47.2" £ 0.68
C18:2n6* (%) 17.2*" + 0.81 15.6"+ 0.41 18.9" + 0.40 21.6°% 0.64
C18:3n6* (%) 0.2"+ 0.05 0.1+ 0.01 0.2+ 0.01 0.2" £ 0.01
C20:4n6* (%) 13"+ 0.09 0.8" % 0.07 0.8"+ 0.04 1.0*" + 0.10
C22:4n6* (%) 0.4° £ 0.02 0.1+ 0.01 0.1+ 0.01 03"+ 0.02
C22:5n6* (%) 0.1°£ 0.01 0.0" + 0.00 0.0"£ 0.00 0.1"+ 0.01
ZPUFAn6* (%) 19.2™ + 0,84 16.6" + 0.49 20.0" + 0.46 232°4 0.73
C18:3n3* (%) 0.6+ 0.04 2.4%+0.04 1.9+ 0.03 11"+ 0.02
C20:5n34 (%) 0.1+ 0.01 0.3"+0.08 0.1+ 0.01 0.1+ 0.01
C22:5n34 (%) 0.2+ 0.01 0.3"+0.02 0.2+ 0.01 0.2+ 0.02
C22:6n3* (%) 0.1+ 0,01 0.4°+0.03 03"+ 0,01 0.2"+0.02
SPUFAn3* (%) 1.0° + 0.05 34%+0.12 2.5+ 0.04 1.6" + 0.05
SPUFA*7 (%) 20.2" + 0.88 20.0° + 0.58 22.5""+0.49 24.8" +0.76
PUFAn6/PUFAN3 19.2°+ 036 4.9°+0.18 8.0"+ 0.08 4.5+ 0,04
PUFA/SFA 0.6+ 0.04 0.7+ 0.03 0.8"" + 0.02 0.9"+0.03
PUFA/MUFA 0.4" £ 0.01 0.4" £ 0.01 0.5" £ 0.01 0.5" % 0.02
MUFA/SFA 1.5+ 0.02 1.8"+0.03 1.7"+ 0.03 17"+ 0.03

spicuously (P < 0.01) between the four feeding cycles.
This ratio was influenced (P) in breast muscles by the
linolenic acid content and 18:2n6/18:3n3 ratio in the
diet (R*> = 90% and 85%, respectively) and in thigh
muscles by the alpha-linolenic acid content in the diet
(R* = 88%).

Despite the fact that in the breast and thigh meat,
respectively, the linoleic acid content (15.6-21.3% and
15.6-21.6% of the sum of fatty acids) and alpha-li-
nolenic acid content (0.5-2.2 and 0.6-2.4%, respec-
tively) differed significantly between the feeding cycles
(P < 0.01), the influence of no particular component of
the diet was found using the regression analysis.

Also the content of the individual PUFA of the n6
group in breast meat and thigh meat differed (P < 0.01)
between the feeding cycles, with the exception of
gamma-linolenic acid (18:3n6). Linoleic acid content
in the diet did not influenced any PUFANG in breast or
thigh meat.

As far as the content of the individual PUFAR3 is
concerned, differences (P < 0.01) between the feeding
cycles were found in EPA (C20: 5n3) and DHA
(C22:6n3) both in breast muscle and in thigh muscle.
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Alpha-linolenic acid content in the diet influenced only
DHA in thigh muscle (R? = 90%, P < 0.05).

DISCUSSION
Total lipids

Total lipid content (HIP extract) both in breast meat
(1.1-2.4%, Table III) and thigh meat (4.7-8.6%,
Table 1V) is substantially higher in comparison with
average values in chickens fed a standard diet according
to Ratnayake et al. (1989): 0.9% and 2.2%, respectively.
One possible reason is using of different solvents for
the extraction of total lipids from the muscle tissue:
ethyl ether (Hrdinka et al., 1996); chloroform/metha-
nol, CM (Phillips et al., 1997); hexane/isopropanol,
HIP (present paper). HIP is less toxic and releases less
of the nonlipid coextractives in comparison with CM
(Hara, Radin, 1978). Ether releases the phospholipid
fraction inefficiently, which is important regarding not
only cholesterol determination, but also determination
of long chain PUFA: EPA and DHA are at highest
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concentrations in the phosphatidylethanolamine frac-
tion (Leskanich, Noble, 1997).

Cholesterol content

Despite the great extent of the measured values of
the cholesterol content in the fresh matter, especially in
thigh meat (62-76 mg/100 g, Table IV), the influence
of the diet composition was not found. The reason is
not only great variance of the values measured within
a given collection, but also the fact that the organism
strictly maintains cholesterol homeostasis (Harris et al.,
1993).

The comparison of cholesterol content in breast
muscles (39-44 mg/100 g of the fresh matter) or thigh
muscles with the literature data is difficult. The reason
is not only the above mentioned different extraction
methods, but also different methods of cholesterol de-
termination: enzymatic (Konjufca et al., 1997), gas
chromatography (Ajuyah et al., 1991), HPLC (present
study). The cholesterol content values measured by
various methods in the same matrix can differ more
than fifteen times accordig to Arneth and Al-Ahmad
(1995). The data of Konjufca et al. (1997) and Ajuyah
et al. (1991), respectively, are higher in comparison
with our experiments regarding both breast meat (55
and 63-67 mg/100 g of the fresh matter) and thigh meat
(149 and 79-86 mg/100 g, respectively). On the other
hand, cholesterol content values expressed in per cent
of the total lipid fraction (in breast meat 1.9-4.2%,
Table III, and in thigh meat 0.7-1.6%, Table IV) are in
agreement with the average values according to Rat-
nayake et al. (1989): 2% and 1% for breast and thigh
meat, respectively.

From the data of Ajuyah et al. (1992) it is possible
to derive a close relationship between linoleic acid in
the spent hens diet and cholesterol content in thigh
meat of these hens, and nonexistence of this relation-
ship in the case of breast meat. This relationship was
found both in thigh meat (R2 = 99%, P) and in breast
meat (R2 = 85%, P < 0.05) in the present study, but it
was, similarly, closer in the case of thigh meat. How-
ever, no relationship was found between alpha-li-
nolenic acid (LNA) in the diet and cholesterol content
in breast or thigh meat in our experiment, which is
different from data derived from the paper of Ajuyah
et al. (1992): close relationship between LNA in the
diet and cholesterol content in thigh muscles of the
spent hens and no relationship in the case of breast
muscles.

Fatty acids ratio

SFA content was lower, MUFA content substantially
higher, total PUFA content lower and PUFAn6/PUFAR3
ratio less favourable both in breast meat and in thigh
meat in our experiments in comparison with an average
fatty acid composition of chicken muscle tissues ac-
cording to Leskanich and Noble (1997).
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The possibility to influence the fatty acid ratios in
the chicken tissues is easier in thigh meat in compari-
son with breast meat according to Hrdinka er al. (1996).
It was confirmed in the present study: only 6% from
147 tested regression relationships were statistically
significant within breast meat. It was more than 11%
within thigh meat.

Ajuyah er al. (1991) did not find a clear relationship
between SFA in the diet and in the chicken meat. The
possible reason is the de novo SFA synthesis in the
muscle irrespectively of the SFA composition of the diet.
However, we have found a close dependence (P < 0.01)
of the SFA content in breast meat and thigh meat on
the myristic or stearic acid content in the diet.

The main target of the manipulation of fatty acid
content in the chicken meat is the increase of the
PUFAnN3/PUFAnG ratio. Leskanich and Noble (1997)
summarized that linoleic acid (LA) content in the
chicken meat is possible to increase by the addition of
soybean meal (LA content nearly 50% of the sum of
fatty acids) to the diet. However, according to Ajuyah
et al. (1992), the influence of the LA content in the diet
on its ratio in breast meat of the spent hens was ob-
scured because LA content in the animal tissues deter-
mines the ratios of other members of the PUFAnG
group. Similarly, linoleic acid content in thigh meat of
spent hens decreased and content of its metabolites in-
creased with the increasing linoleic acid content in the
diet. In our experiments an increased linoleic acid con-
tent in the diet decreased (P < 0.05) PUFAn6/PUFAN3
ratio in thigh meat.

Hrdinka et al. (1996) did not find the effect of li-
noleic acid content in the diet on LA content in the
chicken tissues, which is in accordance with the results
of the present study.

The data of Hrdinka et al. (1996) and the present
study also agree as far as an insignificant effect of the
alpha-linolenic acid (LNA) content in the diet on its
ratio in the chicken tissues is concerned. Nitsan ef al.
(1998) analogously found the negligible increase of
PUFAN3 in the thigh meat of chickens fed the mantur
oil, rich in LNA. On the other hand, higher content of
linseed (high LNA content) in the diet significantly
increased the LNA ratio in breast muscles and thigh
muscles of broiler chickens in the study of Ochrimenko
et al. (1997). Also Ajuyah et al. (1991) found the rela-
tionship between LNA content in the diet and in the
chicken meat. On the other hand, the results of Ajuyah
et al. (1991) and the present study are in agreement
regarding the significant influence of the PUFAn3 in
the chicken meat by the alpha-linolenic acid content in
the diet.

CONCLUSIONS
Commercial feed mixtures for broiler chickens usu-

ally have a stable composition regarding the basic nu-
trients (crude protein, crude fibre, crude fat). However,
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the ratio of the single fatty acids can vary in the diet
due to the varying content and/or quality of the indi-
vidual ingredients used for the feed mixture prepara-
tion.

Consequently it is probable to expect changes in the
total lipid content of chicken meat, changes in the com-
position of the lipid fraction of chicken muscle tissue,
such as oleic, linoleic and alpha-linolenic acid content,
nutritionally important PUFAn6/PUFAR3 ratio, and even
the changes in the cholesterol proportion of the total
lipid fraction.

On the other hand, cholesterol content in the white
and dark chicken meat, respectively, is stable despite
of the varying composition of the finisher.
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VPLYV PRIDAVKU SYNTETICKYCH FARBIV DO KRMIVA
NA SFARBENIE ZI.TKA SLEPACICH VAJEC

THE EFFECT OF SYNTHETIC PIGMENT ADDITION TO FEED
ON THE COLOR OF HEN EGG YOLK

M. Halaj', P. Halaj', F. Val4Sek?, F. Morav&ik®, M. Melen®

IStovak University of Agriculture, Nitra, Slovak Republic
2TEKRO, s.r.o., Dvory nad Zitavou, Slovak Republic

ABSTRACT: Synthetic pigment Carophyll I, Il and III was added to feed with the content of 10.24 MJ/ME, 17.19% protein
and 3.62% calcium in a trial on laying hens of Shaver Starcross 288 hybrid at 42 weeks of age. Groups of 15 laying hens
received experimental diets for a fortnight, followed by a fortnight interruption and repeated application of experimental diets.
Pigmentation intensity increased within 7-10 days, remaining at the same level in the next period: control 6.54 degrees of
the color circle Hoffman La Roche, C-1 8.46, C-IT 9.37 and C-IIT 10.09. After the use of experimental diet was terminated,
a great decrease in yolk pigmentation occurred in 5-7 days. Positive effects of Carophyll addition were reflected in the laying
intensity of experimental hens that increased by 2.22% in, egg weight higher by 4.7%, egg content production per feeding
day higher by 7.49%, and in a decrease in the percentage of nonstandard eggs.

Keywords: laying hen: egg: yolk; Carophyll; color

ABSTRAKT: V pokuse so sliepkami Shaver Starcross 288 vo veku 42 tyZdiiov sme pouZili pridavky syntetického pigmen-
taéného pripravku Carophyll I, II a [II do kimnej zmesi s obsahom 10,24 MJ/ME, 17,19 % NL a 3,62 % vépnika. Skupiny
po 15 sliepkach sme 14 dni kimili pokusnymi zmesami so 14diiovym preru$enim a opitovnym kimenim pokusnymi zmesami.
Intenzita pigmentécie sa zvySovala do 7 aZ 10 dni a potom ostala na rovnakej trovni: kontrolnd 6,54 stupiiov farebného vejira
Hoffman La Roche, C-1 8,46, C-1T1 9,37 a C-1II 10,09. Po vyradeni pokusnej zmesi nastal prudky pokles pigmenticie Zltka
po 5 aZ 7 ditoch. Priaznivy efekt pridavku Carophyllu sa prejavil u pokusnych sliepok aj vo vy3sej intenzite znadky o 2,22 %,

hmotnosti vajca o 4,7 %, produkcie vajecnej hmoty na kimny defi 0 7,49 % a v zniZeni podielu nestandardnych vajec.

Kl'adové slova: sliepka; vajce; Zltok; Carophyll; sfarbenie

UvoD

ciam s intenzivne sfarbenym vaje¢nym Zltkom. Preto
mé pigmentdcia velky vplyv na predajnost vajec. Pig-
mentaciu vaje¢ného Zltka usmeriiuje privod karotenoi-
dov do organizmu, ktory ho ukladéa do pohlavnej bunky
— Zltka (Fucikova et al., 1997). Vyznamny je beta-ka-
rotén, ktory je provitaminom A, ale ma aj dalSie vy-
znamné funkcie. Pdsobi ako antioxidant, priaznivo
ucinkuje vo vztahu s reprodukciou zvierat, zniZuje em-
bryondlnu dmrtnost, stimuluje ¢innost lipoproteinov vy-
sokej hustoty (HDL) a ma vyznam v prevencii cievnych
ochoreni. Olson (1996) navrhol karotenoidy a im tdin-
kom podobné latky nazvat ,fyziologické modulatory*.
Sfarbenie vaje¢ného Zltka je podmienené réznymi
$pecifickymi faktormi ako vyZiva, choroby, genetika,
chovatelské prostredie, spracovatelské postupy, ale z4-
visi aj od vlastnej chemickej §truktiry pigmentacnych
latok, t.j. od chemickej Struktiry karotenoidov. Pig-
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mentacny acinok jednotlivych karotenoidov je zavisly
od ich schopnosti ukladat sa do Zltka, ako aj od ich
farebného odtiefia.

Mechanizmus pigmentacie Zltka popisuje Wells
(1966). Intenzita sfarbenia — farebny ton — zavisi od
absorpcie v zaZivacom trakte (Karunajeewa er al.,
1984) a tiez od strat pri litkovej premene, ich schop-
nosti premeny na vitamin A (Fletcher, 1980), ako aj
schopnosti transformovat sa do vaje¢ného Zitka (De
Groote, 1970).

Firma Hoffman La Roche vyraba pre hydinu Caro-
phyll Red, Carophyll Yellow a firma BASF vyraba Lu-
cation. Carophyll cerveny (Red) obsahuje 10 % kantha-
xantinu = ¢erveno farbiaceho karotenoidu.

Carophyll Zlty (Yellow) obsahuje 10 % beta-apo-
8’etylesteru kyseliny karoténovej — Zlto farbiaci karo-
tenoid, ktory ma vy§Siu pigmentacni ucinnost ako na-
tivne xantofyly.

Cerveny a Zlty Carophyll si kimne pripravky so
$pecidlnou receptirou.
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Pigmentacia vajeného Zltka zdvisi od vinovej dizky
— odtiene od Zltej po Cervend, sytosti farby — koncen-
tracie farbiva a od odrazu, lebo jasnosti — intenzita
svetla a prenikavost farby.

Posudzuje sa bud spetrofotometricky, alebo vizual-
ne za pouZitia farebnej $kaly vejara Hoffman La Roche.
Podrobny postup a podmienky hodnotenia farby Zltka
uvadza Vuilleumier (1969).

Rozna intenzita sfarbenia vaje¢ného Zltka sa dosiah-
ne mieSanim Carophyllu Eerveného a Zltého v urCitom
pomere. Tak firma Roche v propagatnom materidli
uvédza ich pomery pre rdznu intenzitu sfarbenia vajec-
ného Zltka podla $kaly vejara Hoffman La Roche. Fir-
ma TEKRO, s. r. o., pripravila pridavky oznacené ako
Carophyll I, IT a III pre intenzitu sfarbenia Zitka 8-9,
10-11, 11-12.

Pinchasov et al. (1992), ktori pridavali odstupiiova-
né davky Carophyllu Red (0, 10, 20, 30 mg.kg'l) do
krmiva sliepkam, zistili linedrnu zavislost pridavku Ca-
rophyllu Red na intenzitu sfarbenia vajecného Zltka,
ako aj behdkov. Sfarbenie bolo intenzivnejSie, ak bola
do zmesi pridand glutenova mucka z kukuri¢ného zrna.

Priaznivy efekt n-3 mastnych kyselin v krmive na
sfarbenie a vyuZitie karotenoidov sliepkami popisuje
Hammershoj (1995). Sullivan a Hellemann (1962) sa
domnievaju, Ze tuky vplyvaju priaznivo na absorpciu
a nepriaznivo na stabilitu karotenoidov.

Burley a Vadehra (1989) uvadzaji Struktiru karote-
noidov v Zltku slepacich vajec takto: Lutein A — 40 %,
Zeaxanthin - 19,8 %, Canthaxanthin — 17,9 %, Cryp-
toxanthin — 17,3 %, karoteny — 5 %. Uroveii beta-ka-
roténu v Zltku zdvisi od zdsob vitaminu A v peteni.

Mechanizmus prirodzenych listovych karotenoidov
v organizme sliepky a ich ukladanie do vajicka popisu-
ju Tanagi et al. (1991).

Bartov a Borstein (1964) zistili pri kukurici hodnoty
xantofilov v zrne kukurice 17 mg.kg", u lucernovej
mucky 229 mg.kg_'. De Groote (1970) uvadza u kuku-
rice 20 mg.kg'l a u lucernovej mucky 140 mg.kg'l
xantofilu zloZeného z luteinu a zeaxantinu. Tieto farbi-
va vak skladovanim stréacaji povodné zloZenie, a preto
st nestabilnym zdrojom pigmentov. Borstein a Bartov
(1966) zistili 15-22% utilizaciu karotenoidov lucerny
a 26-31% utilizaciu zrna kukurice.

V prici hodnotime vysledky pri pouZiti pigmentac-
ného pridavku Carophyll I, II, III u sliepok nosivého
typu Starcross 288 vo vrchole znasky.

MATERIAL A METODA

K pokusu sme pouZzili sliepky nosivého hybrida Sha-
ver Starcross 288 vo veku 42 tyZdiiov. Sliepky boli
individuilne umiestnené v klietkovej trojetazovej baté-
rii v hale s oknami. Bioklimatické podmienky sme za-
bezpecili podla poziadaviek technologického postupu
pre tohto hybrida. Ku kimeniu sme pouZili kompletni
kfmnu zmes HYD-10 s obsahom Zivin zistenym analy-
zou a prepoCtom: ME 10,24 MJ.kg". ML 17,19 %,
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metionin + cystin 6,99 mg, lyzin 8,24 mg, tuk 2,34 %,
vlaknina 3,42 %, vapnik 3,62 %, fosfor 0,74 %.
Sliepky v kaZzdej etdZi predstavovali skupinu, t.;j.
15 sliepok, ktoré boli podla znasky od 150. diia (po-
hlavna dospelost) do 294. dia veku rozdelené rovno-
merne do tychto skupin:
Kontrolnd - kimena kompletnou kimnou zmesou
HYD-10 (ZKZ)
I. pokusnda — ZKZ + Carophyll 10,5 % - C-I
II. pokusna — ZKZ + Carophyll 11 0,5 % — C-11
II1. pokusnd — ZKZ + Carophyll III 0,5 % - C-IIL

Sliepky boli viZené pri zaciatku pokusu, pri strieda-
ni krmiva a pri ukonceni pokusu. ZloZenie kimnych
zmesi, ich obsah Zivin a zloZenie Carophyllov I, II a III
uviadzame v tab. I a I

Pokusné obdobie bolo ¢lenené na tieto etapy:
I. etapa — kimenie zmesami s pridavkom CI, CII,
CIII - 1. aZ 14. defi
II. etapa — kimenie ZKZ - 15. az 28. dei
III. etapa — kfmenie zmesami s pridavkom CI, CII,
CIII - 29. az 42. dei

Boli sledované tieto ukazovatele:

1. Ziva hmotnost, spotreba krmiva

2. znaska, hmotnost vajec, Standardnos( vajec, thyn
a zdravotny stav (denne)

3. analyza vajec z kazdej skupiny od 5 sliepok, denne
znesené vajcia v pocte: K — 184 ks, CI — 179 ks,
CIT - 178 ks, CIII — 185 ks; spolu 726 ks vajec.

Vajcia boli analyzované v trojdiiovych intervaloch
metodikou, ktord popisal Halaj (1976a, b). Hodnotené
boli: hmotnost vajec, hmotnost Zitka, hmotnost Skrupi-
ny. Farba vajec¢ného Zltka bola posudzovani jednou
osobou pocas pokusu. Posudzovanie sa robilo za den-
ného svetla pri vaZeni Zltka. Listy vejdra sa drZali nad
#ltkom a vizudlne sa hodnotila farba vertikdlnym po-
hladom zhora.

Ziskané vysledky boli Statisticky spracované (Sne-
decor, Cochran, 1980) na personalnom pocitaci.

VYSLEDKY

Hodnotili sme vplyv syntetického pigmentaéného
pridavku Carophyll do kompletnej kimnej zmesi na
uzitkovost sliepok (tab. III) a na sfarbenie vaje¢ného
zltka (tab. IV, obr. I).

Zo ziskanych ukazovatelov mozeme vyvodit pozi-
tivny vplyv pridavkov Carophyllu na znasku za sledo-
vané obdobie. V porovnani s kontrolnou skupinou zniesli
sliepky v pokusnych skupinich CI o 2,76 %, CII
0 3,97 % a CIII o 091 % viac vajec. V jednotlivych
etapach pokusu odpoveda dynamika intenzity znasky
jej postupnému zvySovaniu v tejto taze znasky. Hmot-
nost sliepok sa pocas pokusu nemenila, ¢o znamend, Ze
ich rast bol ukonceny a boli vo vrchole znasky.

Spotreba krmiva bola v§eobecne usporna, ¢o prezen-
tuje 166 g u kontrolnej skupiny a 134-152 g u pokus-
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1. ZloZenie kompletnej kimnej zmesi pre sliepky HYD | (MV RM-1) — Formulation of complete feed mixture for laying hens HYD 1

(MV RM-1)
Komponent' Podiel'? (%) | Orientatny obsah Zivin'? Minerdlne litky'*
Kukurica® (8 % NL) 39,56 NL 16,51 % Ca (g) 35,99
Psenica kémna® (11 % NL) 25,00 tuk 3.89 % P(g) 6,04
Kfmna mika pSenicna? 2,00 vldknina 284 % Na (g) 1,71
S6jovy extrahovany rot® (45 % NL) 19,00 popol 10,10 % Cu (mg) 18.96
Miisokostni micka® (MK-11) 2,00 ME/M]J 11,617 Mi/kg™ | Fe (mg) 169,70
Rybia mika’ 1 1,00 aminokyseliny gkg! Mn (mg) 88,34
Repkovy olej* 1,30 lyzin 8,24 Zn (mg) 97,84
MKP-2 1.80 metionin + cystin 6.99 Se (mg) 0,09
Kfmna sol’ 0,30 threonin 6,01 CaCO; (%) 8,08
Kfmny vipenec'” 7,20 tryptofan 1,92
Aliment'! 0,14 vitaminy'3
0,50 A (m.j./kg™) 102 196

D, (m.j./kg™") 2 000

P x SK var. C (5 %) E (mj/kg™) 18.31
100,00 B, (mj/kg™) 546
By, (m.j./kg™") 13.66
kyselina linoenovd (g) 14.89
Iing li 2corn, *feedi g wheat, feedi g wheat flour, ssoybc:.'m meal, “meat-bone meal, “fish meal, *r T d oil, *feedi g salt, Wfeedi g

limestone, ''aliment, '*percentage amount. tentative nutrient content, *minerals. 'Svitamins

11. ZloZenie pripravku Carophyll 1. I a [II v premixe (1 000 g) TKP-N-A - C

TKP-N-A

of the pi Carophyll 1, II, IIT in premix (1,000 g)

Carophyll

1 1

Sfarbenie stupnice vejdra Hoffman La Roche'
Carophyll Yellow
Carophyll Red

(mg)
(mg)

2 000
2 000

9-10 11
4 000 6 000
2 500 5000

Premix sa pridiva v 0.5 % podiele do kfmnej zmesi — Premix is added to the feed mixture at a 0.5% level

Ipigmentmion degree in the color circle Hoffman La Roche

nych skupin na vajce. To predstavuje dsporu na vajce
v skupinach CI - 13,8 g, CII - 31,5 g a CIlI - 26,6 g
v porovnani s kontrolou. Pri prepocte konverzie krmi-
va a jeho Gcinnosti sme zistili pozitivny vplyv pridavku
Carophyllu na produkciu vajec sliepkou z 1 kg krmiva.
U skupin to predstavovalo: K - 6,02 ks, CI - 6,57 ks,
CII - 7,43 ks, CIII — 7,22 ks vajec.

V prepoéte na vaje¢ni hmotu sme dostali tieto po-
mery: Z | kg zmesi HYD 10 vyrobili sliepky nasledov-
ni masu vaje¢nej hmoty: K — 371,7 g, CI - 416,9 g,
CII - 482,5 g, CIIl - 4725 g.

Za obdobie pokusu (42 dni) vyprodukovala kaZda
sliepka toto mnoZstvo vajecnej hmoty: K — 2 180 g,
CI-2310g, CII - 2 390 g, CIII - 2 360 g.

Vyskyt neStandardnych vajec bol u skupiny CI-2
o 1,65 % vyssi ako v kontrolnej skupine. U pokusnych
skupin CI-1 a CIII-3 bol podiel neStandardnych vajec
03,57 a 4,75 % niZsi ako u sliepok kontrolnej skupiny.
Uhyn sliepok pocas pokusu nebol zaznamenany.
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Sfarbenie vajecného Zltka vplyvom pridavku Caro-
phyllu v 0,5% podiele do kfmnej zmesi sa prejavil
v tendencidch a hladinach deklarovanych vyrobcom.
Ukazali sa vyrazné rozdiely medzi skupinami (tab. IV),
priCom Statisticky vyznamné rozdiely boli len medzi
skupinami s pridavkami CI, CII ku CIII, a to 8,46,
resp. 9,37 ku 10,09 stupiiom farebnej 3kaly vejira
Hoffman La Roche.

Sumarne hodnotené etapy za vietky skupiny nevy-
kazuji v sfarbeni Z[tka vyrazné rozdiely. Preukazné
(P < 0,05) si medzi 1. a 2. tyZdiiom po podani pridav-
ku, alebo jeho vyradeni z kimenia.

Dynamika pigmentécie Zitka po pridani Carophyllu
sa prejavila po 7 az 10 diloch a potom si tito hladinu
udrzala na pribliZzne rovnakej Grovni (obr. 1). Po nahra-
de krmiva zakladnou zmesou (ZKZ) sme pozorovali
postupné zniZovanie intenzity sfarbenia Zltka, vyrazné
po 5 aZ 7 diioch. Po opitovnom zaradeni krmiva s pri-
davkom pigmentacnych litok sa opél postupne zvySo-
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I1I. Ukazovatele wZitkovosti sliepok kfmenych kompletnymi zmesami s pridavkom Carophyllu - Performance indicators of laying hens

receiving complete feed mixtures with Carophyll addition

Skupina'?
Ukazovatel' kontrolng'? c1 cl c-m
ZKZ ZKZ + Carophyll I [ ZKZ + Carophyll 11 |ZKZ + Carophyll 11
Znaska \mjcc2 (ks / %)

I. ctap:r‘ 160 /71,10 186 / 82.67 174 / 77,33 175117777
II. etapa 187 7 95.89 186 / 85.38 195 7 100.0 180 7 92.31
IMI. etapa 183 /93.85 174 /1 89,23 174 1 94.36 180 /92,31

Celkom* 530/ 90,60 546 /93,33 553 794,53 53579145
Spotreba krmiva na 1 vajee® (g/ glg)

I. etapa 166.0 / 2.83 1522/243 1345/ 2.09 1394 /2.14
Il. etapa 133,77/ 2.13 133.8 72,07 147,37 2.26 181.6 /274
111 etapa 125.2/ 1,97 124,71 1,96 14457221 142,27 2,19

Spolu‘ 138.6/2.16 137.2/ 2,16 1423 /219 154.4 /236
Ziva hmotnost sliepok na zatiatku pokusu® (g) 1 598 1816 1701 1719
Prirastok za 42 dni’ (g) 1,03 1.02 1,02 1.03
Hmotnost vajca® (g)

I. etapa 44,68 55.34 53.34 54,28
I1. etapa 55.86 57.00 060.28 56.81
II1. etapa 55.56 52,65 57.40 55,77
Spolu pricmer" 51,91 55.00 57.00 55,61
Produkcia vajecnej hmoty'” (g/KD)

I. etapa 44.68 5534 5534 54.28
Il. etapa 55.86 57.00 60,28 56.81
I1. etapa 55,56 52,65 574 55.77

Celkom 5191 55,00 57.00 55.61
Podiel nestandardnych vajec — celkom'' (%) 8.11 4.58 9.76 3.36

mdlcalor cgg produulon ﬁtage I *total. feed consumpnon per egg, “live weight of hens at the bc.gmnmg of trial. welghl gain over 42

days, c.gg weight, “total average. egg content prodm.uon

vala intenzita pigmenticie Zitka a jej ustalenie sme po-
zorovali po 7 az 10 dioch.

Rozdiely v dynamike intenzity sfarbenia Zltka po
pridani ¢i vyradeni Carophyllu boli medzi skupinami
priblizne rovnaké, viac podmienené intenzitou znasky
sliepok.

DISKUSIA

Pigmenticia vajeéného Zitka zaujima vyrobcov kon-
zumnych vajec pre ich lepSie speilaZovanie a spracova-
telov pre roz§irend §kdlu ich vyuZitia v potravinarskom
priemysle najmi pri vyrobe cestovin.

Vyuzitie nativnych zdrojov pigmentacnych latok,
ktoré popisali Bartov a Borstein (1974), je opodstatne-
né, no ich vyroba a zapracovanie do kimnych zmesi je
ndkladné.

Pouzivané syntetické farbiva, v pripade firmy Hoff-
man La Roche vyrdbany Carophyll Red a Carophyll
Yellow, v uréitom pomere zabezpedia poZadovani in-
tenzitu sfarbenia Zitka slepaGieho vajca pri 0.5% po-
diele v kimnej zmesi (Anonym, 1986).
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propornon of nonstandard eggs — total,

gmup “control

V pokuse sa zistila acinnost Carophyllu I, II a III
v deklarovanej Skale fy TEKRO, s. r. 0., Dvory nad Zi-
tavou. Potvrdzuje to pigmentany ucinok jednotlivych
pigmentov, ako uddvaji Pinchasov et al. (1992), a tieZ
dynamiku ukladania do Zltka v naslednosti, ktort popi-
sali Tanagi et al. (1991). Kym v kontrolnej skupine pri
kfmeni $tandardnou kfmnou zmesou sa dosiahlo sfar-
benie Zltka 6,5 stupiiov farebnej Skily vejara Hoffman
La Roche, v skupindch s pridavkom Carophyll to bolo
uCI -85, CIl - 94 aCIIT - 10.1 °HLR.

Sfarbenie vajeného Zitka sliepok pouZitim &i priro-
dzenych, alebo syntetickych pigmenta¢nych latok zvy-
uje naklady na ich vyrobu a zvySuje ich nutrié¢ni hod-
notu. Sfarbenie vaje¢ného Zitka by malo byt prijaté do
Standardu konzumnych vajec a podla intenzity sfarbe-
nia Zltka by mali byt upravované nikupné ceny vajec.
Preto zvyraznenie Ginku katorenoidov ako ,fyziolo-
gické modulatory" (Olson, 1996) je odpovedajice pre
ich Siroky pozitivny vplyv na litkovy metabolizmus
a zdravie sliepok i cez vajcia pre ich spotrebitelov.

Vplyv beta-apo-8-carotenalu na pigmenticiu Zltka je
v odbornej literatire obSirne popisany. Avsak jeho
vplyv ako provitaminu A na uZitkovost sliepok nie je
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I ETAPA

Dni pokusu

IV. Statisticka charakteristika sfarbenia Zltka sliepok kimenych zme-
sou s pridavkom Carophyllu (stupne Hoffman La Roche) — Statisti-
cal characteristics of the yolk color in laying hens receiving feeds
with Carophyll addition (Hoffman La Roche degrees)

Ukazovatel' Statistickd charakteristika’
i | s [vew
Skupiny?
Kontrolni* (ZKZ) 6,54" 033 5.99
C-1 - ZKZ + Carophyll | 8.46" 035 791
C-11 = ZKZ + Carophyll 1 937" 0,32 8,83
C-111 - ZKZ + Carophyll | 10,09¢ 0.36 9,54
Etapy*

1. (1.-15. dei®) 8.72" 0.29 8.24
1. (16.-28. deil) 8.59" 031 8.12
11 (29.-42. dei) 8,54" 0,28 8,06
TyZdne (vietky skupiny etapy)®
Prvy’ 2 833" 0,23 7,95
Druhy* 8.90" 0,25 8.52

Rozne pismend (a, b, ¢) predstavuji preukaznost P < 0,05 - Differ-
ent letters (a, b. c) indicate significance P < 0.05

lindicator, zgmups, *control, "smges. 3 days, “weeks (all groups of
7 [ g
the stage), ‘first, “second

rozvadzany. I ked bol na§ pokus modelovy, pri odpo-
vedajiicej pocetnosti vajec méZeme podla naSich vysled-
kov poukézat na priaznivy efekt Carophyllu na GZitkovost
sliepok. Efekty karotenoidov ob$irne popisané v praci au-
torov Fucikova et al. (1997) sa v pokuse potvrdili.

Pri porovnavani vysledkov pokusu sa pridavok
0,5 % Carophyllu prejavil takto: znaSka bola 0 2,22 %
vysSia, spotreba krmiva na 1 vajce o 0,89 % niZiia,
hmotnost vajca o 4,73 % vysSia, produkcia vajecnej
hmoty na kfmny deii bola v kontrolnej skupine 51,91 g
a v pokusnych skupinich 55,87 g. Podiel neStandard-
nych vajec bol u pokusnych skupin niZ§i o 27 % v po-
rovnani s kontrolnou skupinou. Najpriaznive;jsi efekt na
znaSku, hmotnost vajec a produkciu vajetnej hmoty
mala skupina s pridavkom Carophyllu II.
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|. Dynamika sfarbenia va-
jecného Zltka u sliepok
kimenych s pridavkom
Carophyllu — Dynamics of
egg yolk coloration in
hens receiving Carophyll
additive

s SKUPINA C | e SKUPINA C

= == SKUPNACH b= KONTROLNA

skupina = group. kon-
trolnd = control, etapa =
stage. Dni pokusu = days
of experiment, Stupne
HLR = HLR degrees
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