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THE INFLUENCE OF GENOTYPE AND GROWTH RATE
ON CARCASS COMPOSITION AND MEAT QUALITY
OF PIGS

VPLYV GENOTYPU A INTENZITY RASTU NA JATOCNU HODNOTU
A KVALITU MASA OSIPANYCH

P. Krika', I. Bahelka', P. Demo', A. Lukadova®

'Research Institute of Animal Production, Nitra, Slovak Republic
2Pig Breeders’ Union of Slovakia, Bratislava, Slovak Republic

ABSTRACT: The carcass traits were studied in 1430 pigs kept under identical conditions. The animals were divided into
two genotypes (reproduction-meat and meat type) and three nested subgroups according to daily weight gain (I — up to 750 g,
IT - 750-900 g, I1T - above 900 g daily weight gain). The pigs were slaughtered at 100 kg live weight. Significant differences
(P < 0.001) between two commercial types in % lean meat content, valuable lean cuts, average backfat thickness, musculus
longissimus dorsi (m.l.d.) area, % meat of ham with bones of carcass weight as well as in pH,s were found. Significantly
(P < 0.05) worse feed conversion was achieved in reproduction-meat type in the subgroups with daily weight gain up to 750 g
and/or 750-900 g. A decreasing proportion of % lean meat content in reproduction-meat type (53.12, 53.37, 51.53 % accord-
ing to subgroups I, I1, III) and in the meat type (56.06, 55.13 and 54.48 %) were observed. A similar trend was found also
in the proportion of valuable lean cuts. On the other hand, increasing backfat thickness (21.4, 21.7 and 23.2 mm) for
reproduction-meat and (19.8, 21.3 and 21.9 mm) for meat type was found with increasing daily weight gain.

Keywords: pig; growth; carcass value; pHys

ABSTRAKT: Sledovali sa vykrmové a jatofné ukazovatele a kvalita misa u | 430 ofipanych v podmienkach skiSobnej
stanice. Pokusny sibor sa rozdelil na materské, resp. otcovské plemend, a kaZdé z nich podla intenzity rastu do troch
podskupin (I. do 750 g. II. 750-900 g, III. nad 900 g denného prirastku). Zvieratd sa pordZali pri priemernej Zivej hmotnosti
100 kg. Medzi materskymi a otcovskymi plemenami sa zistili preukazné rozdiely (P < 0,001) v podiele celkovej svaloviny,
cennych misitych Casti, misa zo stehna s kostou z hmotnosti jatodnej polovice, priemernej hriibke chrbtovej slaniny, ploche m.L.d.
a kyslosti misa (pHys). HorSia konverzia krmiva (P < 0,05) bola stanovend u materskych plemien v podskupine do 750 g a v pod-
skupine 750-900 g. Jedince s vy$8im prirastkom mali niZ8i podiel celkovej svaloviny tak u materskych (I. 53,12 %, II. 52,3 %, 1Il.
51,53 %), ako aj u otcovskych plemien (I. 56,06 %, II. 55,13 %, IIl. 54,48 %). Podobny trend sa zistil aj v zastiipeni cennych
misitych Casti. So zvySovanim denného prirastku sa tieZ zvy3ovala priemernd hribka chrbtovej slaniny ako u materskych
(1. 21,4 mm, II. 22,5 mm, III. 23,2 mm), tak aj u otcovskych plemien (I. 19,8 mm, II. 21,3 mm, IIL. 21,9 mm).

Klicové slova: oSipand; vykrmnost; jatoéna hodnota; pHys

INTRODUCTION backfat thickness. The improvement of feed conversion
may be achieved also by increasing the % lean meat
content as mentioned by Triebler (1986). Henkel (1985)
states that less feedstuffs are necessary for meat pro-
duction than for fat creation as there is six times lower

content of energy in the lean meat than in the fat tissue.

The aim of farm animal breeding is to increase their
lifetime production as well as production of their
progeny. The primary tool of breeding is the selection
according to settled selection criteria for each parame-
ter, whether reproduction, fattening or carcass value
traits. Many authors dealt with regularities of growth
and studied the slaughter traits. Hennebach et al. (1987)
concluded that the more meaty pigs were of smaller
voracity and had lower feed consumption. Webb and

MATERIAL AND METHOD

King (1983) concluded that the improvement of feed
conversion may be achieved rather by selection for
daily weight gain increase than for increase of average

CZECH J. ANIM. SCL., 44, 1999: 49-53

The carcass traits were studied in 1430 pigs kept
under identical conditions. They received the feed mix-
ture for pig raising with the content 17.3% crude pro-
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tein and 0.86% lysine. The test lasted from 30 to ap-
prox. 100 kg live weight. The pigs were slaughtered at
100 kg live weight. The observed parameters included
daily weight gain (g), feed conversion (kg/kg), and con-
sumption of metabolizable energy (MI) for the studied
period. The carcass and pHys of meat quality were de-
termined after slaughter and carcass side cooling by
STN 46 6164. The animals were divided into repro-
-meat (RM) and meat (M) type on thé basis of produc-
tion type. They were divided into three subgroups
within both types: I. up to 750 g, II. 750-900 g, and
III. above 900 g daily weight gain, irrespectively of
sex. We calculated statistical significances between the
individual traits within the types and subgroups by
means of r-test.

RESULTS AND DISCUSSION

The differentiated breeding for two types, repro-
-meat and meat type, manifests itself in different pro-
duction (Table I). It was confirmed by results of statis-
tical comparison of all determined traits, with the ex-

ception of daily weight gain, which exceeded the level
of significance P < 0.001 (Figs. 1. 2. 3, 4). After the
division into subgroups we found significance of dil-
ferences at least at the level P < 0.05 in all studied
traits, except for daily weight gain in all subgroups. and
in subgroup III also in feed conversion and consumption
of metabolizable energy between both production types
(Table II). It follows from Tables IIT and IV and Fig. 5
that by comparison of chosen traits within the repro-
-meat type in the all proportions besides m.Ld. area and
pHys there were statistically significant differences at
least at P < 0.05 between all subgroups. There were
diverse results gained in meat type. The proportion of
% lean meat content was significant at the level P <
0.05 between subgroups I and III, while in percentage
valuable lean cuts, m.lLd. area and percentage of meat
in ham with bones of carcass weight (% HAM) no
significant differences were found between the sub-
groups. Average backfat thickness was significant (P <
0.01) between subgroups I-IT and I-III, and pHys was
significant between subgroups I-I1I and II-III. The fat-
tening traits were statistically highly significant be-
tween all three subgroups with both types. With the
increasing daily weight gain decreases the % lean meat

1. Comparison of traits of fattening performance and carcass value between two production types of pigs

1. Daily weight gain (g)

50

Repro-meat type Meat type
Index n= 1098 =332 Significance
x Sn x Sp
Daily weight gain (g) 839.90 114.39 846.75 109.93 =
Feed conversion (kg/kg) 316 0.41 3.07 0.39 ++
Metabolizable energy (MJ)) 41.66 5.52 40.52 5.10 +4+
Lean meat content (%) 52.26 4.45 5516 4.49 4+
Valuable lean cuts (%) 50.52 339 52.63 3.82 4
Average backfat thickness (mm) 225 4.21 21.2 3.99 4+
m.l.d. area (lnm:) 4190 579 4441 632 +4+
% HAM 20.20 1.68 21.44 1.99 +++
pHys 6.13 0.21 6.05 0.24 +++
1224

EREE

207

iar |t

repro-meat

meat
type

2. Feed conversion (kg/kg)
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repro-meat meat

iioa repro-meat meat
type
3. Valuable lean cuts (%) 4. Lean meat content (%)
II. Comparison of traits of fattening performance and carcass value in subgroups between two commercial types
g Subgroup | Subgroup 11 Subgroup 111
RM M significance | RM M significance | RM M significance
Daily weight gain (g) | 695 688 - 826 831 - 980 975 B
Feed conversion (kg/kg) 3.56 3.40 ++ 3.7 3.1 + 283 281 -
Metabolizable energy (M) 46.9 44.8 ++ 41.7 41.0 373 37.0 -
Lean meat content (%) 53.1 56.1 4 523 55.1 ++ 515 545 +4
Valuable lean cuts (%) 511 53.0 +++ 50.5 524 +++ 50.0 52.6 +++
Average backfat thickness  (mm) 214 19.8 ++ 225 213 +++ 23.2¢1 219 +++
m.l.d. area (mm2) |4193 4493 ++ 4192 4404 +++ 4182 4443 +++
% HAM 20.4 21.7 bon 2 20.2 213 +++ 20.0 21.4 +++
pHys 6.13 6.09 - 6.13 6.08 ++ 6,12 597 b
11I. Comparison of traits of fattening performance and carcass value in repro-meat type between three subgroups
Subgroup | Subgroup 11 Subgroup 111 -
Significance
Index n =253 n =531 n=734
X X ¥ r < 0.05
Daily weight gain (g) 694.8 825.9 980.1 112,31 23
Feed conversion (kg/kg) 3.56 3.17 2.83 1:2.3 2:3
Metabolizable energy (MJ) 46.94 41.74 37.26 128 Y
Lean meat content (%) 53.12 52.30 51.53 2.3 23
Valuable lean cuts (%) 5110 50.53 50.02 k2.3 23
Average backfat thickness  (mm) 214 225 23.2 12,3 2:3
m.l.d. area (mm?) 4193 4192 4182 -
% HAM 20.44 20.22 19.99 1:2, 3 2:3
pHys 6.13 6.13 6.12 -

content in the repro-meat type (I - 53.12, II - 52.30, III
— 51.53%) as well as in the meat type (I - 56.06, II -
55.13, Il - 54.48%) were determined. Ducos et al.
(1993) and Gugelmann (1996) came to similar results.
With valuable lean cuts was found an almost coincident
trend, the average backfat thickness, on the other hand,
showed a tendency to increase with the rising daily
weight gain in both types (I-21.4, 11 -21.7, IIl - 23.2
mm, and/or I — 19.8, II — 21.3, III — 21.9 mm; Fig. 6).
Bosi et al. (1997) show in the results of experiment

CZECH J. ANIM, SCI., 44, 1999: 49-53

with repro-meat type increases in daily weight gain
(696 g and/or 795 g) with increasing % lean meat con-
tent (45.0 and/or 48.1) and backfat thickness too (26.5
mm and/or 27.0 mm).

CONCLUSION

The results of our experiment document that in fat-
tening and carcass traits there were highly significant
differences between the repro-meat and meat type ex-
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IV. Comparison of traits of fattening performance and carcass value in meat type between three subgroups

Subgroup | Subgroup T Subgroup 111 -
- Significance
Index n =06l n=170 "' n=97
¥ Xk : & P <005

Daily weight gain (2) 688.5 831.00 9752 1:2:3 23
Feed conversion (kg/kg) 3.40 3.1 281 y 1:2;:3 213
Metabolizable energy (MJ) 4478 4l'.0_(f 37.01 i 1523 2:3
Lean meat content (%) 56.06 55.!; 5448 1:3
Valuable lean cuts (%) 52.96 52.43 52,5874 =
Average backfat thickness (mm) - 19.8 2113 % 219 - 1:2, 3
m.Ld. area (mm?) 4493 4404 4443 -
% HAM 21.70 21.32 21.41 -
pHys 6.09 6.08 597 13 2:3

S. Lean meat content (%)

cept for the daily weight gain. We found out within the

subgroups between both types that with the increase of

growth intensity the decrease of % lean meat content,
and the average backfat thickness increases. The level
of daily weight gain, within a type between subgroups,
influenced more markedly first of all the % lean meat
content in repro-meat type than in meat type.
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EXPRESSION OF LARGE WHITE YOUNG BOARS
FATTENING IN A PERFORMANCE TEST

HODNOCENI KANECKU PLEMENE BILE USLECHTILE
VYKRMOVANYCH V TESTU UZITKOVOSTI

D. Senci¢, Z. Antunovié, Anica Perkovié

University of J. J. Strossmayer in Osijek, Faculty of Agriculture, Osijek, Croatia

ABSTRACT: Performance test is the basic way of breeding values estimation of potential sires. Total of 200 Large White
young boars were tested by the performance test weighing from 28 to 101 kg of live weight during 84 days. The young boars
were kept individually and fed ad libitum. At average final age of 171.92 days the young boars achieved average daily weight
gain 0.90 kg, feed conversion 2.50 kg and fat thickness 13.99 mm. Significant phenotypic correlation () was found out between
relevant fattening traits: daily weight gain : feed conversion = 0.669"", daily weight gain : daily feed consumption = -0.530"",
daily weight gain : fat thickness = -0.177", daily feed consumption : feed conversion = 0.813"", feed conversion : fat thickness =
0.190". Significant phenotypic correlation and relative indicators variability of fattening indicate possibility of further selection
progress. Pig productivity in a herd may be significantly improved by using reproduction boars with more than 100 index points.

Keywords: young boars; performance test; Large White; selection index; fattening traits

ABSTRAKT: Zikladni metodou odhadu plemennych hodnot u potencidlnich plemeniki je test uzitkovosti. Do testu uZitko-
vosti bylo b&hem 84 dni zafazeno celkem 200 kaneckd plemene bilé uSlechtilé o t€lesné hmotnosti 28 az 101 kg. Odchov
kanecku byl individudlni a piisun krmiva byl ad libitum. P¥i kone¢ném primérném véku 171,92 dni dosahli kanecci primér-
ného denniho pfirastku 0,90 kg, konverze krmiva 2,50 kg a vySky hibetniho tuku 13,99 mm. Vyznamnou fenotypovou
korelaci (r) jsme zjistili mezi t&€mito znaky vykrmnosti: denni pfirastek : konverzi krmiva = 0,669, denni piirastek ; denni
spotiebé krmiva = -0,530"", denni pfirustek : vySce tuku = -0,177", denni spotieba krmiva : konverzi krmiva = 0.813",
konverze krmiva : vy3ce tuku = 0,190". Vyznamna fenotypova korelace a variabilita relativnich ukazatel vykrmnosti nazna-
Cuje moznost dal§iho selekéniho pokroku. Produktivitu prasat v chovu lze vyznamné zvy§it pouZitim plemennych kancl
s indexem vice neZ 100 bodu.

Klicova slova: kanc&ei; test uZitkovosti; plemeno bilé udlechtilé; selekéni index; ukazatele vykrmnosti

INTRODUCTION MATERIAL AND METHODS

The performance test results of Large White young
boars were used for the investigation at a testing station
of the farm ,Fond" — Dakovo, during a year. Young
boars were kept in the same conditions of feeding dur-

Heard productivity may be increased only by use of
above average animals in reproduction. Reproductive
value of boars has a special significance for production

success since it transfers inherited base to far more
descendants than sows do at artificial insemination.
The performance test enables faster choice and use of
the top quality sires. Due to a shorter generation inter-
val it also allows faster genetic herd development in
a certain period. Apart from genetic potential for fertil-
ity and slaughtering value, .an important factor of pro-
duction profitability is fattening genetic potential.

Large White boars play a very important role in pig
breeding of many countries. Thus, this paper deals with
discussion about their fattening genetic potential on an
example of a larger farm.

CZECH J. ANIM. SCL., 44, 1999: 55-59

ing the treatment. They were kept individually and fed
ad libitum with two mixtures : ST-1 (from 28 to 60 kg
of live weight) and ST-2 (from 60 to 101 kg of live
weight). Mixture ST-1 contained 13.11 MJ/kg ME and
16.94% of crude proteins whereas ST-2 14.08 Ml/kg
ME and 15.02% of crude proteins. Fat thickness was
measured at the end of the performance test by ultra-
sonic scanner. It was expressed as an average of meas-
urings at the following places: in the middle of the back
behind the last rib, in the middle of the small of the
back and laterally 6 cm from the backbone in the last
rib area. Mean value and variability measures for some
traits were calculated from the total material (n = 200)
using statistical program SPSS (Nie et al., 1975). Cor-
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relation between some young boar traits in the test was
expressed by coefficient calculation of phenotypic cor-
relation and linear regression equation. Breeding value
of individual young boars was determined by selection
index application according to the formula:

S1=1.2(x,~%,) - 122 (4, - %) - 18 (x,~ %)

Values for daily weight gain in grams, feed con-
sumption per | kilogram of weight gain in kilograms
and fat thickness in millimeters were expressed by Aps
x, and x; whereas average values of the above traits for
the young boars group were expressed by x,,, x;, and X,
in the equation. Such calculated indexes were standard-
ized according to the formula:

SI=

5 X8, + i
Where S/ stands for standardized index, / is an index

of each young boar, 7 is an average index of young

boars group, s; is a standard deviation of the group
index, s, is a desirable standard deviation (15) whereas
i, stands for selection index (e.g. 100).

RESULTS AND DISCUSSION

Mean values, absolute and relative indicators vari-
ability of the boars fattening during the performance
test are presented in Tab. L.

It is shown that young boars were on average 87.83
days old at the beginning of the test and 171.92 days
at the end of the test. Large White boars achieved aver-
age daily weight gain of 900 g, feed conversion 2.50 kg
and fat thickness 13.99 mm during the test period. Ac-
cording to this investigation Large White pigs are al-
most equal to those in the countries with developed pig
breeding. Webb (1991) gave the data he achieved on
Large White as follows: daily weight gain of 995 g,
feed conversion of 2.26 kg and fat thickness of 11.0 mm.
According to the Swedish reports (SCANGENETIC,

. Indicators of Large White young boars fattening in a performance test (n = 200)

Indicators X K v Min. Max.
Initial age (days) 87.83 8.64 9.83 71.00 151.00
Final age (days) 171.92 8.80 512 155.00 235.00
Initial body weight (kg) 28.27 0.66 232 21.60 30.00
Final body weight (kg) 100.93 3.10 3.07 81.00 112.00
Daily gain by 2Ist day (kg) 0.90 0.13 14.36 0.52 1.28
Daily gain by 42nd day (kg) 0.89 0.10 10.75 0.60 1.14
Daily gain by 63rd day (kg) 0.90 0.08 9.13 0.71 1.17
Daily gain by 84th day (kg) 0.90 0.06 7.21 0.76 1.08
Daily feed consumption (kg) 2.17 0.20 9.13 1.68 213
Feed conversion (kg/kg) 2.50 0.24 9.71 1.88 3.36
Fat thickness (mm) 13.99 1.37 9.80 11.33 17.67
11. Correlation (r) of Large White young boars traits in the performance test (n = 200)
Traits 2 3 4 5 6 7
Daily gain by 21st day (0
0.670"" 0.531" 0397 -0.158" -0.254" ~0.112
Daily gain by 42nd day 2)
0.798" 0.656" -0.393" -0.463" -0.121
Daily gain by 63rd day )
0.736°° ~0.4957 -0.5947" -0.126
Daily gain by 84th day 4)
-0.530 -0.669" -0.177"
Daily feed consumption (5)
) 0.813" 0.091
Feed cénvcrsiun (6) 0.190°
Fat thickness (7) -

P<0.05 " P<00l
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I11. Correlation of daily weight gain in some periods (X,-X,) of
experimental fattening and daily feed consumption (X5)

IV. Average daily weight gain of young boars at different daily feed
consumption

Correlation § -
of indicators* ! Regression
X;: Xs -0.158" X, = 2.3867 - 0.2405 X;
X, : Xs -0.393"" X, = 2.8945 - 0.8177 X,
Xy Xe -0.495"" Xy=3.2446 - 11915 X
XivXe -0.530" Xy =3.6314 - 1.6281 X

* Daily gain: X, - by 21st day. X, — by 42nd day, X; - by 63rd day.
X, — by 84th day

N
8

Feed consumption, kg/day

0,80 0,90

Daily gain, kg

1991), Large White young boars achieved daily weight
gain of 1135 g, feed conversion of 2.07 kg and lateral
fat thickness of 7.8 mm.

Kralik et al. (1996) stated that average daily weight
gain of Large White young boars was 918 g, 892 g and
902 g, feed conversion 2.32 kg, 2.64 kg and 2.69 kg
whereas daily feed consumption was 2.12 kg, 2.38 kg
and 2.41 kg, respectively, on the three large farms in
the Republic of Croatia.

According to some authors differences in phenotypic
investigation of Large White young boars fattening de-
rive not only from genetic but also from paragenetic
factors expressed in different testing conditions (feed-
ing, microclimate, etc.).

Correlation of indicators of Large White young boars
fattening was presented in Tab. II.

Daily weight gain was in negative correlation with
feed conversion, i.e. higher daily weight gains were
followed by lower feed consumption per 1 kg weight
gain. This correlation was weaker in the earlier test
periods than later. Former investigations carried out by

Daily feed Number of Daily weight gain (kg)
consumption young boars x

(kg/day) (n) X ¥ v

Up to 2.00 36 096 0.07 7.70

2.01-2.20 81 0.90 0.05 592

2.21-2.40 60 0.88 0.05 5.68

2.41-2.60 20 0.85 0.05 5.44

2.61-2.80 3 0.86 0.01 3.00
1. Correlation of daily weight gain and feed
consumption in a performance test

¢ Seriest
~— Linear (Series1)

indicate a negative daily weight gain and feed conversion
relation.

Daily weight gains of the young boars by 21st test-
ing day were in positive correlation with daily weight
gains by the later testing period. But, this correlation
was getting weaker as the test duration was wearing on.

It is interesting in this investigation that the young
boars with higher daily weight gains consumed less
feed. This correlation was weaker at the initial testing
period (r = -0.158%).

Correlations and regressions between daily weight
gain in some periods of the experimental fattening and
daily feed consumption are shown in Tab. III whereas
average daily weight gain values at different feed con-
sumption are shown in Tab. IV. Fig. | indicates corre-
lation between daily weight gain and daily feed con-
sumption during the whole testing period.

VI. Average daily weight gains of young boars at different feed
conversion

Stur (1985), Sencic er al. (1990) and Kralik et al. (1993) Feed conversion Number of Daily weight gain (kg)
(kg/kg) young boars (n) x s 2
] . < g & to 2.00 3 .03 0.05 4.95
V. Correlation of daily weight gains in some periods (X,-X;) of Yp I
experimental fattening and feed conversion (X,) 2.01-2.20 19 0.98 0.06 5.99
” 2.21-2.40 S0 0.93 0.05 5.90
Correlation ,_ Rrasaiin
of indicators* BXesS 2.41-2.60 75 088 | 0.04 | 500
Xi: X, -0.254"" X, = 29314 - 0.4748 X, 2.61-2.80 34 087 | 003 | 328
Xa: X, -0.463" )= 3.5495 — 11808 X, 2.81-3.00 14 085 | 003 | 384
X3: X, -0.594"" X; = 4.0840 - 1.7527 X, 3.01-3.20 4 0.77 0.01 1.30
X% -0.669" X, = 4.7643 - 2.5190 X, 3.21-3.40 I 0.79 - -
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Feed conversion, kglkg

¢ Series1
——— Linear (Series1)

0,90
Daily gain, kg

1,00

1,10

1,20

2. Correlation of daily weight gain and
feed conversion in a performance test

VIL. Fattening indicators of Large White young boars according to selection index values (SI) and their correlation with selection index

Selection index Number of Statistical Daily weight gain Feed conversion Feed consumption | Fat thickness
values young boars parameters (kg) (kg/kg) (kg/day) (mm)
x 0.79 3.0l 2.40 14.46
70.00-79.99 n=8 K 0.02 0.19 0.09 1.45
v 2.70 6.22 3.68 10.05
% 0.85 272 231 15.09
80.00-89.99 n=39 s 0.02 0.16 0.18 1.17
v 2.24 5.78 7.61 7.75
X 0.86 275 2.36 13.33
90.00-99.99 n =65 s 0.02 0.13 0.16 1.08
v 2.40 5.13 7.15 7.5
x 091 245 2.13 13.97
100.00-109.99 n=3§ K 0.02 0.14 0.11 1.16
v 2.54 5.91 5.39 8.30
X 0.96 231 2.06 13.51
110.00-119.99 n=3l1 s 0.03 0.12 0.14 1.34
v 2.63 5.04 7.02 9.96
x 1.00 2.26 1.99 13.20
120.00-129.99 n=13 s 0.03 0.21 0.20 152
v 2.58 9.13 10.27 11.47
X 1.04 2.09 1.85 12.89
130.00-139.99 n=4 5 0.02 0.01 0.07 031
v 2.00 0.45 3.82 241
X 1.07 2.07 1.81 12.33
140.00-149.99 n=>5 K} 0.01 0.11 0.15 0.92
v 1.37 5.55 8.18 7.47

Correlation (r) 0.946" -0.803" -0.630" -0.412"

Senci¢ et al. (1995) and Kralik et al. (1996) found

out positive correlation between daily weight gain and
average daily feed consumption.

Higher average feed consumption was in correlation
with lower daily weight ‘gains in some testing periods
(r=-0.158", r=-0.393"" and r = -0.495™") and higher
feed consumption per 1 kg weight gain (r = 0.813 .).

Higher daily weight gains were followed by lower
feed consumption per | kg weight gain but intensity of
this correlation was different in experimental feeding
periods (Tab. V).

58

Tab. VI indicates values of young boars daily weight
gains whereas Fig. 2 indicates their correlations.

Feed consumption per | kg weight gain (conversion)
was in positive correlation with average daily feed con-
sumption (r = 0.813""). Bereskin er al. (1975, 1976),
Drewry (1980) and Bereskin (1986) indicated positive
correlation between feed conversion with average daily
feed consumption.

Fat thickness was in negative and statistically sig-
nificant correlation (r = =0.177"") with average daily
weight gain, i.e. higher daily weight gains were fol-
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lowed by thinner fat and vice versa. Thicker fat was in
weaker but statistically significant correlation with higher
feed consumption per 1 kg weight gain (r = 0.190).

Young boars distribution according to breeding
value, i.e. selection index selection indexes correlation
with some indicators of young boars fattening are pre-
sented in Tab. VIIL

CONCLUSION

Large White young boars of 28-101 kg of live weight
had very good fattening traits (daily weight gain 0.90 kg,
feed conversion 2.50 kg and fat thickness 13.99 mm)
in the performance test lasting for 84 days. There is
a significant phenotypic variability and correlation (r)
between relevant fattening indicators, which indicates
a possibility of further selection progress.
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SUPEROVULATION AND LAPAROSCOPIC EMBRYO
TRANSFER IN MOHAIR AND SAANEN GOATS"

SUPEROVULACE A LAPAROSKOPICKY PRENOS EMBRYI
U MOHEROVYCH A SANSKYCH KOZ

J. Riha', L. Cunat?, L. Sedlak’, J. Sedlikova®, S. McKelvey*

! Research Institute of Cattle Breeding, Ltd., Rapotin, Czech Republic

2 Centre of Assisted Reproduction, Brno, Czech Republic

. Biopharm, Research Institute of Biopharmac and Veterinary Drugs, Pohori-Chotouri,
Czech Republic

4Edinburgh Genetics, Scottish Agricultural College, Edinburgh, Scotland

ABSTRACT: Results of experiments studying superovulation, laparoscopic and endoscopic embryo recovery, cryopreserva-
tion, and laparoscopic embryo transfer in goat are reviewed and analyzed in this paper. Thirty on-year, 25 two-year-old Mohair
goats, and 28 Saanen white short-horned goats (various age) were chosen for superovulation treatment in reproductive season.
Superovulation was stimulated by intravaginal sponges Intervet (40 mg Norgestomet, 14 days) and by administration of pFSH
(6 doses, 400 1.U. in total). A selected buck was used for hand mating of donors in heat period. Embryos were recovered on
Day 6 post Ist mating by a surgical procedure (one-year Mohair goats) and by the laparoscopic method (the other donors).
Routine embryologic procedures were used for isolation and classification of collected embryos. In one-year Mohair goats,
8.8 ova (4.2 from the right uterine horn, 4.6 from the left one) and 7.5 transferable embryos (3.4 and 4.1 resp., the remaining
ones were classified as unfertilized oocytes, P > 0.05) were recovered on average. In two-year Mohair goats, 8.8 ova (93.6%,
4.2 and 4.6 from the right horn and the left horn), 7.5 transferable embryos (3.4 and 4.1 resp.. the remaining ones classitied
as unfertilized oocytes) were collected on average. Rate of transferable embryos/recovered ova amounted to 85.3%. In Saanen
goats, 17.7 ova (104.1%. 8.5 and 9.2 ova resp.) and 8.3 transferable embryos (4.0 and 4.3 resp., the remaining ones being
unfertilized oocytes) were recovered on average. Rate of transferable embryos amounted to 46.0%. Transfer of embryos
preserved by the routine protocol (0.3 °C per min in 10% glycerol) was successful in 22.2% (4/18) recipients (ET in season)
and in 28.5% (2/7) recipients (ET out of season); the mentioned rates are significantly lower (P < 0.05) than rates found in
other experimental groups. Transfer of embryos preserved by the routine procedure in 1.5 M ethylene glycol was successful
in 79.4% (27/34) recipients (ET in season) and in 50.0% (8/16. P < 0.01) recipients (ET out of season). Transfer of embryos
vitrified in medium composed of 30% (v/v) glycerol, 20% FCS, 50% 2 M sucrose solution in tridistilled water resulted in
60.0 % (3/5) and 8.3% (1/12, P < 0.05) pregnancy rate.

Keywords: goat; superovulation; embryo; cryopreservation; transfer; laparoscopy; pregnancy; season

ABSTRAKT: V Ceské republice je pfenos embryi u koz vyuZivin v podstaté experimentdlné. V souvislosti s ekonomickymi
problémy a restrukturalizaci zemédé&lské produkce hledaji chovatelé nové aktivity. Jednou z nich je i chov koz. Cilem price
bylo zhodnotit zatim provedené experimenty se superovulaci, laparotomickym, event. endoskopickym odb&rem. kryokonzervaci
a laparoskopickym pfenosem embryi u koz. K superovulaénimu oSetieni v reprodukéni sezoné kombinaci intravagindlnich
tampont Intervet 40 mg Norgestomet na 14 dni a FSH-p v davce 400 mj. v Sesti stejnych davkdch bylo vybrino 30 ro¢nich
a 25 dvouletych mohérovych koz a 28 sanskych bilych kritkosrstych koz rizného véku. Darkyné byly kryty vybranym
plemenikem z ruky. Odb&r embryi byl provadén 6. den po prvnim kryti chirurgickym zptisobem u ro¢nich mohérovych koz,
u ostatnich laparoskopicky (WOLF, Germany), doplnénym Krebs-Ringer fosfatem. Izolace a hodnoceni embryi bylo provi-
déno b&Znymi embryologickymi technikami. Od ro¢nich koz bylo ziskdno primérné 8.8 vajicek (4,2 a 4,6 vajic¢ka z pravého
a levého rohu), z toho bylo 7.5 pienosuschopnych embryi (3,4 a 4,1 embrya z levého a pravého rohu, zbytek piedstavuji
neoplozené oocyty, P > 0,05). Podil vhodnych embryi ze ziskanych vaji¢ek &inil 85.3 % - tab. 1. Od dvouletych mohérovych
koz bylo ziskdno primérné 8,8 vajicek (93.6 %, 4,2 a 4,6 vajicka z jednotlivych rohi), z toho bylo 7.5 pfenosuschopnych
embryi (3.4 a 4.1; zbytek predstavuji neoplozené oocyty). Podil vhodnych embryi ze ziskanych vaji¢ek &inil 85.3 % — tab. Il.
Od sdnskych koz bylo ziskdno praimérné 17,7 vajicek (104,1 %, 8.5 a 9,2 vajicek), z toho bylo 8.3 pfenosuschopnych embryi

* Research was supported by the Ministry of Agriculture of CR (Project No. 2408 of the National Agency for Agricultural Research) and by the
Ministry of Education of CR (Project No. 212).
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(4,0 a 4.3 embrya: zbytek piedstavuji neoplozené oocyty). Podil vhodnych embryi ze ziskanych vajicek Cinil 46.0 % pri
vysoké stimulaci — tab. IIl. Po pienosu Cerstvych embryi v pritbéhu reprodukéni sezony jsme dosidhli 66.7% zabiezavini
piijemkyii a po pfenosu Cerstvych embryi mimo reprodukéni sezénu pak pouze 10% (P < 0,05) — tab. V. Po pfenosu embryi
konzervovanych konvencénim postupem (0.3 °C/min) v 10% glycerolu zabiezlo v reprodukéni sezoné 28.2 % recipientek
(18/4) a mimo reprodukéni sezonu 28,5 % (7/2), coZ je prikazné méné nez v ostatnich skupinach (P < 0.05). Po pienosu
embryi konzervovanych konvenénim zplisobem v 1.5M etylenglykolu zabfezlo v reprodukéni sezoné 79.4 % (34/27) a mimo
reprodukéni sezonu 50 % recipientek (16/8, P < 0.05). Po pienosu vitrifikovanych embryi v médiu slozeném z 30 % glyce-
rolu. 20 % fetdlniho teleciho séra a SO % 2M roztoku sachardzy v tridestilované vodé zabiezlo v poradi skupin 60 % (5/3)

a83 % (12/1, P <0.05) - tab. V.

Kli¢ova slova: kozy: superovulace; embryo; kryokonzervace: pienos; laparoskopie; zabfezdvini: sezonnost

INTRODUCTION
Relevancy of ET in goat production

In the Czech Republic, caprine embryos have been
transferred experimentally until now. Economic prob-
lems and restructuralization of agricultural production
are associated with orientation to another activities —
goal production is one of the tested variants. Available
Czech bibliographic references mention utilization of
biotechnologic methods in goat reproduction for forma-
tion of a Cashmere goat herd (Riha et al., 1994).
A similar method was used in France for the formation
of a Creole goat herd (Cheminau et al., 1986) and herds
of Mohair goat from New Zealand, France, and Austra-
lia (Dequet et al., 1989). Intensive application of ET
and other procedures is associated with more rapid herd
cxtension — Gordon (1997). Inclusion of the mentioned
methods into selection programmes is very useful, too.

Superovulation regimen

High variability of superovulation responses in indi-
vidual goats treated with the identical preparation is
mentioned. Genetic factors, age, stage of sexual cycle,
season, type of gonadotrophin used for stimulation are
the principal causes of the mentioned variability — Nutti
et al. (1987), Moore (1982), Krogh (1991), Mahmood
et al. (1991), Wani et al. (1990), Gordon (1997). Simi-
larly like in cattle and sheep, numerous studies compared
applicability of PMSG and FSH in superovulation
treatment of goats. Amstrong er al. (1983), Tsunoda,
Sugie (1989), Pampoukidou et al. (1992), Pendleton et al.
(1992), Mahmoud et al. (1991), Rosnine et al. (1992)
mentioned higher responses and better quality of em-
bryos produced by donors stimulated by FSH. In gene-
ral, treatment regimen consists of sexual cycle blockage
initiated by progesterone injections or hy application of
intravaginal gestagen sponges (11-17 days interval)
complemented with FSH treatment. Applicable variants
have been reviewed by Gordon (1997) — the Ist dose
of FSH is applied 24-38 h before the sponge with-
drawal or before the last progesterone injection in most
regimens. Optimum, high FSH: LH ratio in FSH prepa-
rations was mentioned by Puls-Kleingeld er al. (1992).
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Baril et al. (1992) tested various types of FSH (porcine,
ovine, caprine) used for repeated superovulation treat-
ment. Ovine and caprine FSH were more suitable that
the porcine one. Senn and Richardson (1992) demon-
strated significant differences in responses of Anglo-
-Nubian goats superovulated in season and out of sea-
son (15.1 vs 3.33 transferable embryos).

Insemination and natural mating

In Mohair goat, mating in 4h-intervals in heat period
is recommended by Baril et al. (1988): dairy goats are
mated firstly at 12-24 h after the onset of heat or three
times (30h. 48 and 54 h) after sponge withdrawal. Mani
et al. (1994) used a vasectomized buck for oestrus de-
tection. Intrauterine laparoscopic insemination with fro-
zen semen can be used — Riha, Cundt (unpublished re-
sults), McKelvey (1994, personal communication).
Hand mating (not group mating) is recommended by
the mentioned authors for natural mating.

Embryo collection

Surgical embryo recovery is characterized by 24-h
hunger strike before collection, total anaesthesia induced
by thiopenal or penthobarbital preparation and installa-
tion of an endotracheal catheter for application of ha-
lothane and oxygen during recovery. Technique and
direction of the flushing are determined by recovery
location (tube or uterine horn) — Nutti er al. (1987).
Amoah, Gelaye (1991); ca. 50 ml flushing medium (PBS
in most cases, 37 °C) complemented with 2-3% bovine
serum albumin (BSA) or 10% FCS is used for fTushing.
Baril er al. (1988) compared positive and negative char-
acteristics of the mentioned methods (surgical and la-
paroscopic) of embryo collection. Endoscopic embryo
recovery is performed in 20-30 min. Rate ol ova/Cl
collected by the laparoscopic method is lower as com-
pared to the surgical one (laparotomic) — 62% vs. 85%.
Laparoscopic method is, however, more suitable for re-
peated collections (lower risk of adhesion and concres-
cence incidence). Grupp (1991) and Agrawal et al. (1991)
described successful non-surgical embryo collections.

Embryos with more than 16 cells can be collected
by flushing of uterine horns (Baril er al., 1988). In most
ET programmes. morulae-carly blastocysts collected on

CZECH J. ANIM. SCI.. 44, 1999: 61-67



Day 6 post Ist insemination or mating are used. High
variability of development stage is found in embryos
recovered at the identical heat-collection interval (Yang
etal, 1991).

Embryo storage

Ryot and Vadnere (1989) cooled 16-cell embryos to
+5 °C for 4-day storage. Baril et al. (1988) applied
routine freezing procedures using glycerol for embryo
cryopreservation. Li et al. (1990) mentioned the highest
viability in frozen expanded, hatching and hatched
blastocysts. Puls-Kleingeld et al. (1992) found much
lower pregnancy rate in recipients of thawed morulae
(11%) as compared to recipients of thawed blastocysts
(90%). Similar results (80% pregnant recipients of
blastocysts) were presented by Nowshari et al. (1995);
high sensitivity of morulae to temperature reduction
was demonstrated. The mentioned authors recommend
complementary in vitro cultivation of morulae (to the
blastocyst stage). Glycerol (GLY) (Cheminau et al.,
1986: Baril er al., 1989; Li et al. 1990; Legall et al.,
1993), ethylene glycol (EG) (Legall et al., 1993; Riha
et al., 1994) and dimethylsulfoxide (DMSO) (Bilton,
Moore, 1976; Li et al., 1990) have been tested as cryo-
protective agents. Ethylene glycol (EG) has been pre-
ferred as the optimum agent (Fieni et al., 1990, 1995;
Gordon, 1997); DMSO is recommended as well;
0.25 M sucrose solutions could be used for cryoprotec-
tant dilution (higher embryo viability). Successful
transfers of vitrified caprine embryos were documented
by Yuswiati and Holtz (1990) in Germany, and by Riha
(1993) in CR.

Embryo transfer

The most practised surgical procedure was used for
transfer of caprine embryos as early as in 1930ies. Val-
let et al. (1989), Riha et al. (1994) demonstrated compa-
rable results obtained by laparoscopic method. Similar
regimens are used in donors and recipients for synchro-
nization of sexual cycles with gestagens; approx. 60%
synchronized recipients are utilizable. Surgical transfer
is characterized by total anaesthesia and local anaesthe-
sia. According to Besenfelder et al. (1994) a laparo-
scopic transfer can be performed in 5 min; no altera-
tions, concrescences or adhesions resulting from
laparoscopy were found. One-three embryos are trans-
ferred ipsilaterally or bilaterally — Gordon (1997), Riha
et al. (1994).

Pregnancy rate
Numerous references mention 45-80% pregnancy

rate conditioned by embryo quality and nutrition level
(Godke et al. 1985). Mani et al. (1994) documented the
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necessity of adequate nutrition level in donors and re-
cipients guaranteeing satisfactory superovulation re-
sponse, embryo recovery rate, and pregnancy rate. The
mechanism of nutritive effect on the mentioned
paramateres has not been however, specified. Gordon
(1997), Krogh (1991) found 88% pregnancy rate and
70% natality after surgical transfer of fresh Cashmere
embryos and 75% pregnancy rate and 55% natality al-
ter transfer of 270 imported frozen embryos.

MATERIAL AND METHODS

Superovulation and embryo collection in one-year
Mobhair goats

Thirty one-year Mohair goats were chosen for treat-
ment in season. The sexual cycle was blocked for 14 days
with intravaginal sponges (Norgestomet 40 mg, In-
tervet, France); pFSH (Folicotropin, Spofa Prague, CR)
was administered twice daily for 3 days since Day 12
(total dose: 10 ampoules, i.e. 400 L.U.). Donors were
mated 2-3 times by selected bucks (hand mating) dur-
ing oestrus interval. Embryos were collected surgically
on Day 6 post Ist mating — descendently by flushing
of uterine horns with Foley catheter (30-50 ml Krebs-
-Ringer phosphate complemented with 2% bovine in-
activated serum /Bioveta Ivanovice on Hand/). Hunger-
strike (24 h) was followed by anaesthesia induced by
Ketamin (Narkamon, Léciva Prague, CR) and xylazine
(Rometar, Spofa Prague, CR) administered according
to pharmacopoeia instructions. Operation site was an-
aesthetized with 10-20 ml 2% Mesocaine (LéCiva
Prague, CR). Embryos were isolated from the flushing
liquid by routine embryologic procedures (Riha, 1990).
Embryos were cultured in a complete conditioned me-
dium H-MEMD + 10% FCS + 5% caprine inactivated
serum. Laparoscopic method could not be used due to
anatomic and morphologic inadequacy of uterine horn
dimensions above all.

Superovulation and embryo collection in 2-year Mohair
goats and Saanen goats

Twenty-five 2-year Mohair goats (repeated recovery
in some goats included in the above mentioned experi-
ment) and 28 Saanen white short-horned goats (various
age) were used for superovulation treatment in repro-
ductive season. Treatment regimen (synchronization of
sexual cycles, superovulation, mating, hunger-strike,
precollection treatment, embryologic technique) was
the same as in one-year Mohair goats. Laparoscopic
method (endoscope WOLF, Germany) — four stabs: op-
tics, forceps, Foley catheter, medium — was used for
embryo collection. Foley cateter was inserted into the
uterine horn; 30-50 ml complemented Krebs-Ringer
phosphate was used for the stepwise flushing of the
horn. Few animals were treated out of season; the men-
tioned animals were not classified.
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Embryo cryopreservation
a) Conventional classic procedure of slow freezing
Routine embryo freezing in 1.4 M (10 % v/v) glveerol

Embryos recovered laparoscopically from donors
treated with intravaginal sponges and superovulated
with pFSH-Folicotropin were preserved by routine pro-
tocol using programmable freezer PLANER R-204.
Embryo classified by Grade | and Grade 2 were pre-
served. Equilibration (10 min) in medium M 199 +
10% glycerol was followed by freezing in the freezer
(0.3 °C.min-") to =7 °C; 5 min seeding was followed
by above mentioned freezing protocol to =35 °C and
storage in LN,. Thawing and cryoprotectant dilution
procedures were the same as those used in Cashmere
embryos; glycerol was used instead of ethylene glycol
as'a medium component.

Freezing of imported embryos

Embryos were equilibrated for 10 min in 0.5 M and
1.0:M ethylene glycol in OCM (ovum culture medium
GIBCO) and in 1.5 M ethylene glycol in OCM (20 min)
and transferred into marked straws (3—4 embryos/straw).
Filled straws'were heat-sealed. Straws were filled and
marked according to Manual of IETS (1990). The follow-
ing protocol was used for embryo freezing (from 20 °C):
=1 °C/min to 15 °C (5 min)

2. 5 min break for stabilization of the freezing chamber
3.'=5 °C/min to =7 °C (5 min)

.10 min break at =7 °C (6 min break was followed
. by seeding)

5. =0.3 °C/min to =37 °C (100 min

6. transfer of straws into LN,. g

Embryos were thawed as follows: straws were taken
out of LN, and kept in the air (7 scc), then placed into
a water bath (35 °C) for 25 sec. Contents of opened
straws were placed on Petri dishes into 0.75 M ethylene
glycol + 0.5 M sucrose in OCM (10 min), in 0.5 M
sucrose (10 min) and into two drops of fresh OCM
(20 min in total). Morphological structure of embryos
was controlled.

S

b) Embryo-vitrification

Vitrification was made according to the protocol
specified by Riha, Landa (1989) and Riha (1990,
1993). Embryos were vitrified for 10 min in a medium
complemented with 10% glycerol and for 1.5 min in
a vitrification medium composed of 50% (v/v) 2 M
sucrose in tridistilled water, 30% (v/v) glycerol, and
20% FCS. Embryos were placed (in microdrops of vit-
rification medium) into LN,. Thawing was realized by
placing a drop with.embryo into a drop of culture me-
dium (25 °C) with 0.5 M sucrose. Three-step dilution
in fresh medium followed after 10 min exposure to
culture medium.
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Culture of thawed caprine embryos

Viability was tested by culture of vitrified caprine
embryos according to the procedure mentioned by Riha
(1993) (conditioned medium M 199 + 10% FCS + 10%
inactivated caprine serum) in microdrops for 48 h. Em-
bryos characterized by identical pre- and post- preser-
vation morphological structures were classified as in-
tact embryos. Hatching was the principle criterion of
development characterizing embryos exposed (o cul-
ture medium for 48 h.

Embryo transfer and pregnancy diagnosis

Embryos were transferred on Day 6 post oestrus en-
doscopically (WOLF, Germany) to recipients synchro-
nized by 16-day blocking of the sexual cycle with in-
travaginal sponges (Intervet France, 40 mg) and by
administration of 400-500 L.U. PMSG (Intervet,
France) at 24 h before sponge withdrawal.

One to three embryos were transferred ipsilaterally
or bilaterally to individual recipients on Day 6 of the
cycle. Embryos were aspirated into a venae catheter
and pushed into the lumen of the uterine horn (with
a small syringe). Embryos were transferred by the en-
doscopic procedure (WOLF, Germany) — three stabs:
optics, forceps, catheter — to non-anaesthetized recipi-
ents in back position.

Pregnancy was diagnosed by a sonographic method
(Aloka SSD-210, Japan) with a rectal probe during the
2nd month of pregnancy.

Routine mathematical and statistical procedures (xz-
-test, f-test) were used for data processing: data com-
piled in -experiments realized out of season were not
included into the processed data set.

RESULTS AND DISCUSSION
One-year Mohair goats

9.7 CI (4.8 on'the right ovary, 4.9 on the left one) were
found on average — Tab. I: 8.8 ova (4.2 and 4.6 resp.),
7.5 transferable embryos (3.4 and 4.1 resp.. the remain-
ing ones were classified as unfertilized oocytes, P > (0.05)
were recovered on average. Rate of transferable em-

1. Superovulation. embryo recovery and embryo quality in one-ycar
Mohair goats - laparotomic collection

ltem Ovary/horn

Treated n = 30 Total

left right
Flushed n = 27 (90%)

CL number Nty [49+32]48+36(9.7+064
Recovered Tiy (4613942238 (88606
embryos total % 93.8 96.7 94.9
Recovered embryos | Yt [41£37|34% 317562
transferable % 89,1 793 85.3
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bryos/recovered ova amounted to 85.3%. Superovula-
tion response, embryo recovery rate, and embryo quality
correspond to bibliographic references or data mentioned
by commercial companies (Krogh, 1991). Donor su-
perovulation was realized in three time intervals (2x in
reproductive season — October, beginning of Decem-
ber, 1x at the end of season — end of December); no
significant difference was found between the individual
groups. In Denmark, Mohair goats are superovulated at
the end of January as well (Krogh, 1991); in our ex-
periments, Mohair goats did not respond to stimulation
in the 2nd half of January (Riha, Cunat — unpublished
results). Routine regimens (Gordon, 1997) were used
for donor treatment; no evident effect of age on pa-
rameters characterizing stimulation, embryo recovery
rate and quality was found. Higher parameter variabil-
ity was mentioned in 2-year-old Mohair goats. Rela-
tively high variability of specific parameters presented
by Nuti et al. (1987), Moore (1982), Krogh (1991),
Mahmood et al. (1991), Wani et al. (1990), Gordon
(1997) was not, however, confirmed completely. Deter-
mined recovery rate (85.3%) corresponds to biblio-
graphic data mentioned in laparotomic (surgical)
method of embryo collection (Baril et al., 1988).

Two-year-old Mohair goats

9.4 Cl (4.4 on the right ovary, 5.0 on the left one)
were found on average — Tab. II; 8.8. ova (93.6%, 4.2
and 4.6 ova resp.), 7.5 transferable embryos (3.4 and
4.1 resp., the remaining ones were classified as unfer-
tilized oocytes) were recovered on average. Rate of
transferable embryos/recovered ova amounted to
85.3%. Superovulation response, embryo recovery rate
and embryo quality correspond to data characterizing
one-year Mohair goats (Krogh, 1991); variances are
non-significant (P > 0.05). Rate of collected ova is
somewhat lower (P > 0.05) as compared to one-year
goats at similar rates of. transferable embryos (94.9%,
93.6%, 85.3%, Tab. I, II). Similar results were found
in Denmark (Krogh, 1991).

Saanen goats

17.0 CI (8.7 on the right ovary, 8.3 on the left one)
were detected on average — Tab. III; 17.7 ova (104.1%,
8.5 and 9.2 resp.), 8.3 transferable embryos (4.0 and
4.3 resp., the remaining ones being classified as unfer-
tilized oocytes) were collected on average. Transferable
embryos/recovered ova rate amounted to 46.0%; this
rate is associated presumably with high stimulation re-
sponse — total number of transferable embryos corre-
sponds to bibliographic data. The same tendency — high
stimulation x low rate of transferable embryos was
found in cattle (Riha, 1990; Riha, Cunat, 1998 and
authors cited in the mentioned papers). Mentioned
stimulation response and recovery rate correspond to
data characterizing surgical embryo collection — Baril
et al. (1988) and others. Comparison of time exigencies
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(endoscopic vs. laparotomic method) is very interest-
ing. Parameters characterizing our experiments corre-
spond to data presented by Baril er al. (1988). The
other parameters of endoscopic recovery (direction of
flushing, quantity and type of medium, etc.) were simi-
lar as those specified by Nuti et al. (1987), Amoah,
Gelaye (1991) and others.

Cryopreservation and transfer of embryos

Caprine embryos were cryopreserved by 3 methods:
classic routine regimen in the freezer utilizing 10% glyc-
erol, the same regimen utilizing 10% ethylene glycol,
vitrification regimen. Viabilities of transferred embryos
preserved with glycerol (22.2 %, 28.5%) and with eth-
ylene glycol (79.4%, 50.0%, P < 0.05 — Tab. V) con-
firmed applicability of ethylene glycol medium in con-
ventional regimens of caprine embryo cryopreservation

1I. Superovulation, embryo recovery and embryo quality in two-year
Mohair goats — laparoscopic collection

Item Ovary/horn

Treated n = 25 ot ol Total
Flushed n = 24 (96%)

CL number Xty [5.0+42(44+44(94+88
Recovered Tiy; [46+42|42+46|88+88
embryos total % 92 95.5 93.6
Recovered embryos XEy [4.1£4.1(34£35(75£76
transferable % 89.1 81 85.3

I11. Superovulation, embryo recovery and embryo quality in Saanen
goats — laparoscopic collection

Item Ovary/horn
Treated n = 28 ‘lcﬂ vight Total
Flushed n = 23 (82%)
CL number Xty |83+64(87+6.3|17.0%12.7
Recovered Xty [924£79(85+£7.0[17.7 £ 149
embryos total % 110.8 977 104.1
Recovered embryos | Y85 [43%4.7(40£40| 83+4.2
transferable % 46.7 47 46
IV. In vitro development of vitrified caprine embryos
Item n Yo
Thawed embryos 15
Morphologic structure of thawed embryos
Intact embryos 14 93.3
Degenerated embryos 1 6.7
Developping embryos after in vitre culture
6 h-culture 12 85.7
24 h-culture 12 85.7
48 h-culture 10 71.4
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V. Pregnancy rates characterizing recipients ol Mohair embryo

Number
Embryo transfer characteristics ET | ";‘l::::';;‘\d rt::ﬁ::?:\ P
n n n G

1) Fresh embryos

In season 12 24 8 | 66.7"

Out of season 10 23 | 10.0" | P <0.05
2) Vitrified embryos

In season 5 10 3| 60"

Out of season 12 24 | 8.3"
3) Embryos preserved by routine protocol in 10% glycerol (0.3 °C.min™! to =35 °C)

In season IR 36 4 | 222"

Out of season 7 14 2 | 285"
4) Imported preserved Cashmere embryos (Riha ef al. 1994)

In season 34 51 27 | 79.4°

Out of season 16 34 8 |50

Differences a. b are significant (P < 0.05)

mentioned by Fieni er al. (1995), Gordon (1997) and
other authors mentioned in Introduction.

In vitro development competency was tested in em-
bryos vitrified by methods specified in Material and
methods (Tab. IV). Fourteen intact ol 15 thawed em-
bryos were found after cryoprotectant dilution; 10 em-
bryos (i.e. 71.4% of thawed intact embryos) hatched
after 48 h-culture. Transfer of fresh embryos in season
and out of season resulted in 66.7% and 10.0% preg-
nancy rates (P < 0.05).

Frozen and vitrified embryos were transferred in 4 re-
cipients sets in season and out of season. Pregnancy
rates associated with seasonal ET - 66.7% (8/12),
60.0% (3/5), 22.2% (4/18), 79.4 % (27/34) — were sig-
nificantly higher (P < 0.05) than rates characterizing
transfers of the same embryo categories realized out of
season — 10.0%, 8.3%. 28.5%, 50.0% — Tab. V.

Pregnancy rates determined in recipients of fresh
and vitrified embryos (66.7 and 60.0% resp.) are sig-
nificantly (P < 0.05) higher than rates found in recipients
of embryos frozen by routine procedure in PLANER
R-204 (10% glycerol in M 199, 0.3 °C.min~' to -35 °C
before storage in LN,). Pregnancy rates are also lower
than rates characterizing recipients of Cashmere em-
bryos imported from Scotland. Transfer of Cashmere
embryos out of season was successful in horned pig-
mented goats; all white hornless goats were non-preg-
nant. Evident seasonal variation and negligible success
was recorded in Cashmere, Angora, and Saanen goats
used for ET out of season — Baril er al. (1988), Vallet
et al. (1989), Thibier, Nibart (1992). Stimulative and
mediating effect of melatonin in sexual function con-
trol of exclusively seasonal females (white hornless
Saanen goats) is probably the principal factor of ET fail
— Grafenau et al. (1993). Similar results were recorded
in vitrified embryos transferred out of season (8.3%
pregnancy rate) and in fresh Mohair embryos trans-
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ferred to white horned Saanen recipients in season
(71.4%) and out of season (10.0% pregnancy rate) —
identical synchronization regimen and selection criteria
were applicd in all recipient sets.
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USTREDNI ZEMEDELSKA A LESNICKA KNIHOVNA,
PRAHA 2, SLEZSKA 7

Ustiedni zem&délskd a lesnickd knihovna v Praze (dile jen UZLK). kterd je jednou z nejvétsich zemédélskych
knihoven na sv&té. byla zaloZena v roce 1926. Jiz od poditku $lo o knihovnu vefejnou. Knihovna v soucasné dobé
obsahuje vice neZ jeden milion svazkd knih, cestovnich zprdv. dizertaci. literatury FAO, svizanych rocnikii Casopisi
.z oblasti zemé&délstvi, lesnictvi, veterindrni mediciny, ekologie a dal§ich obort. Knihovna odebird 750 titult domadcich
a zahrani¢nich Casopist. Informaéni prameny ziskané do fondu jsou v UZLK zpracoviviny do systému katalogii — je
budovin jmenny katalog a predmétovy katalog jako zikladni katalogy knihovny a dale rizné specidlni katalogy
a kartotéky. Po&itkem roku 1994 pfistoupila UZLK k automatizovanému zpracovini knihovniho fondu v systému
CDS/ISIS.

Pro informaci uzivateli o novych informacnich pramenech ve fondech UZLK zpracovivi a vyddvi knihovna
nasledujici publikace: Pfehled novinek ve fondu UZLK, Seznam Casopisii objednanych UZLK. Prehled resersi a te-
matickych bibliografii z oboru zemé&délstvi, lesnictvi a potravindistvi, AGROFIRM - zpravodaj o pfirastcich firemni
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VLIV EXPERIMENTALNI KRYPTOSPORIDIOVE NAKAZY
NA UZITKOVOST BROJLEROVYCH KURAT"

EFFECTS OF EXPERIMENTAL CRYPTOSPORIDIUM INFECTION
ON BROILER CHICK PERFORMANCE

E. Tamovi', L. Pavlasek’, M. Sk¥ivan', Z. Ledvinka'

'Czech University of Agriculture, Faculty of Agronomy, Prague, Czech Republic
2State Veterinary Institute, Prague, Czech Republic

ABSTRACT: Experimental infection by the protozoan Cryptosporidium meleagridis was studied for its effects on broiler
chick performance. 120 straight-run chicks of ROSS 208 hybrid were included in a feeding trial. Chicks were divided into
six groups of 20 birds each. Group | was control, groups 2-6 were experimental ones. Experimental groups were perorally
infected by oocysts of C. meleagridis at a dose 5.10° oocysts per chick; group 2 was infected at 7 days of age, group 3 at
14 days, group 4 at 21 days, group 5 at 28 days and group 6 at 32 days of age. Chicks were housed in littered boxes. External
environmental conditions complied with general requirements. Chicks received commercial feed mixtures — BR [ mix till
21 days of age and BR II mix till 42 days of age. The feed mixtures did not contain any anticoccidial drugs. Growth data
(Tab. IT) show that chick growth in experimental groups was slower on days 7-10 after C. meleagridis infection in comparison
with control group. Growth retardation of group 6, infected at 32 days of age, following experimental infection was reflected
in the significantly lowest live weight at the end of feeding (Tab. IIT). Feed consumption was also negatively influenced by
experimental infection. Higher feed consumption per bird/day was recorded in experimental groups in all cases two weeks
after infection (Tab. V). Chick mortality in experimental groups was lower than in control group (Tab. II). Parasitological
examinations indicated that a prepatent period lasted 2-3 days, a patent one 10-14 days in groups 2-5. Experimental results
show that C. meleagridis infection can negatively influence growth rate at a definite stage.

Keywords: chick; feeding; Cryptosporidium meleagridis: performance

ABSTRAKT: V pokusu s brojlerovymi kufaty byl sledovin vliv experimentilni nidkazy Cryptosporidium meleagridis na
uZitkovost. Kufata byla perordlné infikovina v ddvce 5.10° oocyst C. meleagridis ve v€ku 7, 14, 21, 28 a 32 dni. Experi-
mentdlni ndkaza ovlivnila rist kufat, zejména 7. aZ 10. den po infekci, a spotfcbu krmiva na kus a den vZdy po dobu dvou
tydnh nésledujicich po infekci. Uhyn infikovanych kufat byl nizsi neZ u kontrolni skupiny. Z parazitdrnich vy3etfeni bylo
ziejmé, Ze oocysty C. meleagridis se zaaly vyluCovat dva az tii dny po infekei a doba vylucovani trvala 10 az 14 dni.

Klicovi slova: kufe; vykrm; Cryptosporidium meleagridis; uZitkovost

UvoD

Uzitkovost dribeZe je ovlivnéna fadou faktord.
Z vnitinich vlivil se uplatiiuje zejména genotyp a zdra-
votni stav, z vnéjSich faktorl je to predev§im vyZiva
a podminky prostredi. Vysoka uzitkovost v uritych pod-
minkach prostiedi zdvisi na vybéru vhodného genotypu,
zaji§téni optimalni vyZivy a dobrém zdravotnim stavu.
Zdravotni ochrana chovi driibeZe souvisi s turnusovym
zpusobem chovu pii dodrzeni vSech zasad zoohygieny
a prevence. I pies uspokojivou zdravotni situaci v cho-
vech driibeZe v CR (Vondrka, 1994) zistavaji proble-
matickymi néktera parazitarni onemocnéni.

K doposud mdlo znamym parazitézam dribeze patfi
kryptosporidiéza. Onemocnéni je vyvoldvano prvoky,
jednohostitelskymi kokcidiemi rodu Cryptosporidium.
Podobné jako kokcidie rodu Eimeria systematicky patii
mezi Apicomplexa. Jejich vyvoj probiha v mikrovilové
zoné epitelialnich bunék raznych tkani. U dribeZe byla
popsédna tzv. burzalni, kloakdlni a respiratorni forma
nakazy, zpusobena druhem Cryptosporidium baileyi. Pr-
vok napadd burzu Fabricii, kloaku a u dychaciho aparatu
tracheu a vzdu$né vaky. Stfevni formu nakazy zpuso-
buje druh C. meleagridis. K vyvoji dochazi v duodenu,
v ileu a ve slepych stievech. V Ceské republice zjistil
poprvé vyskyt C. baileyi u brojlerovych kufat Pavlisek

* Vysledky byly ziskiny diky podpofe interniho grantu AF CZU v Praze & 10/018.
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(1985). V souvislosti s dychacimi potizemi popisuji re-
spiratorni typ kryptosporidiozy v naSich chovech Per-
§in a Svandova (1989 — cit. FiSer, 1995) u pétityden-
nich brojlerovych kufat, kdy se pfi nedodrzeni
turnusového zastavu zvySil dhyn kufat az na 24 %.

Stievni formu kryptosporidiové ndkazy poprvé po-
psal Slavin (1955) u 10-14dennich uhynulych kratat
s klinickymi pfiznaky prijmového onemocnéni, s po-
stizenim zejména dolniho tiseku tenkého stieva. Pivod-
ce infekce autor pojmenoval C. meleagridis. Teprve po
vice nez 30 letech se objevily dalsi ojedinélé zpravy
o nillezech kryptosporidie s lokalizaci endogennich vy-
vojovych stadii v tenkém stievé ve velkochovech kri-
tat v USA (Woodmansce et al., 1988; Goodwin et al.,
1988: Bermudez ¢ al., 1988). V Ceské republice zare-
gistroval poprvé vyskyt C. meleagridis u 30-39dennich
krutat ve stiednich Cechach Pavlisek (1994a, b). Ve
stejném chovu, ve kterém jsou haly stiidavé vyuZivany
i k vykrmu kufat, tento autor vibec poprvé zjistil, Ze
C. meleagridis infikuje také kurata. V uvedeném chovu
byla nikaza timto prvokem spojena s enormnimi Ghyny
46 a 47dennich brojlerovych kufat (Pavldsek, 1994a,
b). Parazitologicka vySetfeni provadéna ve Statnim ve-
terindrnim Gstavu v Praze ukazuji, Ze C. meleagridis se
stale Castéji objevuje u 20-28dennich brojlerovych ku-
fat a v nékterych chovech i u 7-9mésicnich kufic. In-
fekce timto prvokem se vyskytuji v ojedinélych piipa-
dech také u exotickych ptiki.

Neni vylouceno. Ze v asociaci s patogennimi druhy
kokcidii rodu Eimeria mize mit stfevni forma krypto-
sporidiové infekee nemaly ekonomicky vyznam v nékte-
rych chovech dribeze. Vzhledem k tomu, Ze informace
o roz§ifeni, vyskytu a ekonomickém vyznamu krypto-
sporidiovych ndkaz jsou nedostate¢né, povaZujeme za
potiebné se touto problematikou zabyvat. Aktudlnost
studia téchto prvoki spociva i v tom, Ze proti kokcidiim
rodu Cryptosporidium u dribeZe nebyl dosud vyvinut
Zadny ucinny preparat.

Cilem price je posoudit vliv experimentalni nikazy
druhem C. meleagridis na vysledky vykrmu brojlero-
vych kuiat.

MATERIAL A METODA

Do pokusu bylo zafazeno 120 jednodennich nesexo-
vanych brojlerovych kufat Ross 208. Kurata byla po
zvazeni a oznaceni kiidelnimi plombami rozdélena po
20 kusech do 6 skupin. Prvni skupina byla kontrolni,
skupiny 2 az 6 byly pokusné. Kufata v pokusnych sku-
pinich byla experimentdlné perordlné infikovina
oocystami C. meleagridis v ddvee 5. 10° oocyst na kufe
ve véku 7 (skupina 2), 14 (skupina 3), 21 (skupina 4),
28 (skupina 5) a 32 dni (skupina 6). Pavodni izolat
oocyst této kryptosporidie byl ziskdn z jednoho chovu
spontdnné nakaZenych brojlerovych kuiat v zdpadnich
Cechéch. V laboratornich podminkach bylo nakazeno
10 sedmidennich kufat, od nichZ byly béhem patentni
periody (obdobi vyluCovini oocyst trusem) postupné
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ziskavany a shromazdovany oocysty C. meleagridis
metodou podle Pavlaska (1989). Pred vlastnim poku-
sem byly piiblizné 30 dni uchovaviany ve 2.5% roztoku
dvojchromanu draselného pfi teploté 4 °C. Prvni den
pokusu byla kufata i pouzité inokulum vySetfeny na
salmonel6ézu. Vysledek byl negativni.

Béhem pokusu byla kurata ustajena v boxech na po-
destylce. Podminky vnéjSiho prostiedi odpovidaly béz-
nym pozadavkim, pouZival se dvaceti¢tyihodinovy
svételny den. Krmilo a napdjelo se ad libitum. Vykrm
trval 42 dnii a byl rozdélen do dvou obdobi. V prvnim
obdobi (1.-21. den) se zkrmovala krmna smés BR L. ve
druhém obdobi (22.-42. den) smé&s BR [I. Krmné smési
byly obchodni ze ZZN Rakovnik a neobsahovaly anti-
kokcidika. Obsah zivin v krmnych smésich stanoveny
rozborem je uveden v tab. L.

I. Obsah Zivin v krmnych smésich - Nutrient contents in feed mix-
tures

Ukazatel! Siie’

BR | BR 11
Sugina® (%) 92.19 89.27
N-litky? (Y%) 21,41 19.30
ME (M)* 12.5 12.6
Tuk? (%) 5.19 5.69
Vlaknina® (%) 2,50 352
Popeloviny® (%) 6.78 7.02
Vipnik’ (%) 1.62 1.69
Fosfor® (%) 0.79 0.69

o
vypoctem = caleulated values

\ POy 2 3 P P [t 7 i
indicator. “dry matter, “crude protein. “fat. “fiber. “ash. ‘calcium.
N LS

phosphorus. “feed

V pribéhu pokusu se kurata vazila individudlng v y-
dennich intervalech. Spotieba krmiva a dhyn se zjislova-
ly skupinové za obdobi. Parazitologicky byly smésné
vzorky trusu kuiat vySetfoviany vzdy druhy den po ex-
perimentilni nakaze prislusné skupiny a dale v interva-
lu dva az pét dni koprologickymi metodami podle auto-
ri Breza (1957) a Pavlasek (1991).

Vysledky rustu byly zpracovany analyzou variance
programem STATGRAPHICS. prikaznost rozdili me-
zi skupinami byla testovina Scheffcho metodou na hla-
din¢ vyznamnosti P < 0.05.

VYSLEDKY A DISKUSE

Z vysledka rastu (tab. 1) je ziejmé, Ze experimen-
tdlni infekee kufat nepiiznivé ovlivnila rist kurat bé-
hem 7 az 10 dni po ndkaze, zejména u skupin 2, 3 a 4,
u kterych byl zaznamenan nasledujici tyden po nikaze
nizs§i pramérny denni pfirdstek. U skupiny 6 infikované

32. den véku se pak niZsi rast v poslednim tydnu vykr-
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II. Prirustek na kus a den (g) — Weight gains per bird/day (g)

Tydny Skupina®

véku | 2 3 4 s 6
1 10,3 1.3 1,9 109 10,9 12,0
2 21.8 23,7 26,7 28,2 26,7 27.5
3 50.4 484 532 52.1 494 47,5
4 56.4 56.9 59.8 64,1 64,0 577
5 48.7 56.9 61,9 512 56,4 31.6
6 75.6 715 76,1 56,7 83,2 60.9

'weeks of age, 2gmu;::

II. Vysledky vykrmu — Results of feeding

Ziva hmotnost ve | Spotieba krmiva Uhyn
Skupina' | 42. dni véku? | na | kg pfirastku® | 1.-42. den*
(g) (kg) (ks)
1 1 877° 1,91 4
2 | 886" 1,88 3
3 2012"™ 1,90 &
4 2 036" 1,98 2
5 2 084" 191 1
6 1 834* 1,99 2
b p < 0,05

Igmup. Zive weight at 42 days of age, eed consumption per | kg
weight gain, “mortality on days 1-42

IV. Spotieba krmiva na kus a den (g) — Feed consumption per
bird/day

Tydny Skupina®

veku' I 2 3 4 5 6
i 13 17 16 14 15 16
2 39 32 6 | @ 2 45
3 44 | o4 so | 39 65 | 44
4 90 | 127 | 121 | 100 | 13 | 79
5 137 | 129 | 178 | 180 | 132 | 117
6 200 | 186 | 139 | 193 | 187 | 172

'weeks of age, :gmup

mu promitl do konecné Zivé hmotnosti (tab. III), kdy
tato skupina méla priikazné nejniZsi Zivou hmotnost.

Experimentéalni niakaza méla také vliv na spotiebu
krmiva — vzdy dva tydny po nédkaze byla zji§tovdna
vys§i spotfeba krmiva na kus a den (tab. IV). Ve spot-
feb& krmiva na | kg pfirastku za celé obdobi vykrmu
nebyly mezi skupinami zji§t€ny vyrazné rozdily
(tab. IIT). Nejvys$si spotiebu za cely pokus jsme zazna-
menali u kufat infikovanych v 32. dni véku, kdy s re-
tardaci ristu v poslednim tydnu souvisela i hor§i spot-
feba krmiva. Vysledky ristu a spotfeby krmiva neni
mozné porovnat s literaturou, nebot informace v této
oblasti zatim chybi.
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Uhyn kufat za cely pokus (tab. III) byl v pokusnych
skupinach niZ§i neZ ve skupiné kontrolni. Tyto vysled-
ky jsou v rozporu s literarnimi udaji (Pavlasek, 1985,
1994a, b), které uvadéji vysoky thyn kufat v souvislos-
ti s vyskytem C. meleagridis. Relativné velmi maly po-
et Ghyni v pokusnych skupinich lze vysvétlit i tim, Ze
v naSem sledovani nebyla kufata vystavena infekcim
rizného puvodu a dal§im faktorim vnéj§iho prostiedi,
existujicim v intenzivnich chovech. Také vzhledem k-ma-
lému poctu kufat ve skupiné mohou byt podty dhynu
nahodné.

Z vysledki parazitologického vySetfovani béhem po-
kusu vyplynulo, Ze u viech experimentilné nakazenych
kufat se objevily oocysty C. meleagridis v jejich fid-
kych vykalech jiz druhy aZ tieti den po nikaze (prepa-
tentni perioda). Délka vyluCovani oocyst (patentni pe-
rioda) byla u 2. aZ 5. skupiny 10 aZz 14 dni. U kontrolni
skupiny oocysty prvoka nebyly v uvedenych interva-
lech a opakovanych vySetfovanich zji§tény.

Hlavnim klinickym pfiznakem experimentélni stiev-
ni formy kryptosporidiové nakazy byla u kufat v pra-
béhu prvnich 10 dnl po infekci apatie, sniZend aktivita
a Casté posedavini se svéSenymi kiidly. Jejich pefi bylo
népadné znedisténé. '

Z vysledkua pokusu je ziejmé, ze C. meleagridis mu-
Ze v urdité fazi vykrmu kufat nepfiznivé ovlivnit zejmé-
na intenzitu rastu. Domnivame se, Ze pfitomnost dal-
Sich patogeni v chovu muiZe tento efekt jedté zesilit.
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THE EFFECT OF MANNAN-OLIGOSACCHARIDES
AND ENTEROCOCCUS FAECIUM M-74 BACTERIA
IN DIETS WITH DIFFERENT PROTEIN LEVELS
ON BROILER PERFORMANCE"

VLIV OLIGOSACHARIDU MANNANU A BAKTERII ENTEROCOCCUS
FAECIUM M-74 VE SMESICH S RUZNOU HLADINOU N-LATEK
NA UZITKOVOST BROJLERU

I. Kumprecht, P. Zobac

Research Institute of Animal Nutrition, s.r.o., Pohorelice, Czech Republic

ABSTRACT: Comparative feeding and group metabolic trials were conducted on sexed cockerels of ROSS hybrid to study
the effect of biologicals containing mannan-oligosaccharides (b) and Enterococcus faecium M-74 (b,) and their combinations
(b3) in starters BR1 (a single level of proteins) and in feed mixtures BR2 for broiler production with two levels ol proteins
(ag — 20.85%. a; — 18.22%). as exerted on growth. feed consumption and basic nutrient digestibility. The live weight of
chickens receiving feed mixtures BR2 with lower protein level (a;) was lower by 1.28% on day 35, and by 2.53% on day
42, than in group (ay) with higher protein level. The differences were statistically insignificant. The average live weight of
chickens at 21 days of age was higher by 2.3-2.2% in experimental groups b. b,. by in comparison with control (by). This
difference was also statistically insignificant. The group of chickens receiving the combination of mannan-oligosaccharides
and Enterococcus faecium M-74 showed the live weight higher by 4.44% at the age of 42 days than control (by) at P < 0.1.
The live weight of chickens was significantly (P < 0.1) higher when the bacteria Enterococcus faecivn M-74 were used in
diets BR2. This positive effect of biologicals on chicken weight was determined in diets BR2 with higher and lower protein
levels. The statistically significantly (P < 0.1) lowest feed consumption per | kg of weight gain (expressed in kg) was recorded
in the group of chickens (by) that received feeds with the combination of mannan-oligosaccharides + Enterococcus fuecium
M-74. The difference against control (by) was (-4.87%) at 35 days of age and (-4.34%) at 42 days ol age. A significant
difference (P < 0.1) was also calculated for total feed consumption per | kg of weight gain for feeding periods Ist to 35th
day and Ist to 42 day of chicken age. Biologicals based on mannan-oligosaccharides and Enterococcus fuecium M-74 had
positive effects on the consumption of BR2 feeds at higher and lower protein levels. The effect of protein levels in BR2 diets
on N retention and fiber digestibility coefficient was statistically significant. N retention was higher by 5.61% in groups of
chickens receiving BR2 diets with lower protein level (a)) at P < 0.05. Fiber digestibility of this group was higher by 19.14%
at (P < 0.1). Statistically significantly higher (P < 0.05) N retention (by 5.93%) was determined in the group of chickens
receiving feeds with combinations of biologicals containing mannan-oligosaccharides + Enterococcus faecium M-74 (bs) in
comparison with control (by). Groups (b,) and (bs) had statistically significantly higher (P < 0.1) coefficients of fiber
digestibility against control (by): by 13.14% and 14%, respectively. The lower percentage content of proteins in BR2 diets
was reflected in lower N output in droppings. N output in groups of chickens receiving feeds with lower protein level (a;)
was lower by 10.03% (in g) against control (ag). Lower average values of N output in droppings (in g) per | kg of weight
gain were determined in groups of chickens receiving BR2 diets with the combination of biologicals based on mannan-oli-
gosaccharides + Enterococcus faecium M-74 (by).

Keywords: chicken broilers: probiotics; Lactiferm: BIO-MOS: growth: feed consumption; digestibility coefficients of fat.
fiber and nitrogen-free extract; nitrogen in droppings

ABSTRAKT: V krmném srovndvacim a skupinovém bilanénim pokusu se sexovanymi kohoutky hybrida ROSS byl sledovin
ucinek prepardtli na bizi oligosacharidi mannanti (b)) a Enterococcus faecium M-74 (b,) a jejich kombinace (by) v krmnych
smésich BR1 pro predvykrm (jedna hladina N-litek) a ve smésich pro vykrm brojleri BR2 s dvéma hladinami N-litek (ag -
2085 %. a; — 18,22 %) na rast, spotiebu smési a stravitelnost zdkladnich Zivin. Do krmného srovndvaciho pokusu bylo
zafazeno celkem 320 jednodennich kohoutkii, ktefi byli po deseti kusech umisténi v klecich pokusné haly VUVZ Pohorelice.

*  Supported by the Ministry of Agriculture of CR (Project No. RE 0960996553 of the National Agency for Agricultural Research).
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Od 1. do 21. dne v&ku pfijimala kufata smési BR1 s jednou hladinou N-litek a uvedenymi biologickymi preparaity a od 22. do
42. dne v&ku pak smési BR2 se dvéma hladinami N-litek a biologickymi preparity. Soucasné s krmnym srovndvacim
pokusem byl uspofadan skupinovy bilanéni pokus v 16 bilan¢nich klecich, které umoZituji presny sbér trusu. V jedné kleci
byli umisténi 4 kohoutci. Pokus probihal v obdobi vykrmu smésmi BR2 (22.-42. den véku kufat) ve tfech bilanénich
perioddch. Kufata krmend smésmi BR2 s niZ§i hladinou N-litek (a;) méla v 35. dni 0 1,28 % a v 42. dni 0 2,53 % niZ§i
hmotnost oproti skupiné (ay) s vy3si hladinou N-latek. Uvedené rozdily byly statisticky nepritkazné. Hmotnost kufat v 21. dni
v&ku byla u pokusnych skupin by, b, by v priméru o 2,3 az 2,5 % vyssi oproti kontrole (by). Statisticky byl tento rozdil
nevyznamny. V 42. dni véku méla skupina kuiat (b3), u nichZ byla pouZita kombinace oligosacharidii mannanti a Enterococcus
faecium M-74, o0 4,44 % vy3§i hmotnost oproti kontrole (by) pii P < 0,1. Prukazné (P < 0,1) vy$Si hmotnost kufat byla
zaznamendna i pii pouZiti bakterii Enterococcus faecium M-74 v krmnych smésich BR2. Tento pozitivni Géinek aplikace
biologickych prepariti na hmotnost kufat byl zaznamenén jak ve smésich s vy33i, tak i ve smésich s niZ8i hladinou N-litek.
Spotfeba smési BR2 na | kg pfiristku nebyla statisticky vyznamné ovlivnéna riznou hladinou N-litek. DosaZené hodnoty se
pohybovaly v mezich pfirozené variability. Primérné niZ8i spotfeba smési BR1 na 1 kg pfirtstku (statisticky neprikaznd)
byla zji§t€na u skupin, kterym byly aplikovany biologické preparéty. Rozdil se pohyboval kolem 2,5 %. Vyrazn&jsi tcinek
biologickych prepariti na spotfebu smési na | kg pfiristku byl zaznamendn v obdobi vykrmu kufat smé&smi BR2. U viech
pokusnych skupin (b, by, bs) byla primérnd spotfeba smési BR2 niZsi oproti skupiné b,. Statisticky vyznamné (P < 0,1)
nejniZii spotfebu smési na 1 kg pfiriistku méla kufata skupin bs, kterd pfijimala smési s kombinaci preparitu oligosacharidy
mannanti + Enterococcus faecium M-74. Rozdil oproti kontrole (by) byl v 35. dni v&ku —4.87 % a v 42. dni véku -4.34 %.
Priikazny rozdil (P < 0,1) byl pak zjistén i v celkové spotiebé smési na | kg pfiristku pro obdobi vykrmu 1. aZ 35. den i pro
1. aZ 42. den vé&ku kufat. Biologické preparity na bazi oligosacharidi mannani a Enterococcus faecium M-74 pozitivné
ovlivnily spotfebu smési BR2 pfi pouZiti vys§i i niZsi hladiny N-litek. Rizné hladiny N-litek ve smésich BR2 statisticky
vyznamné ovlivnily retenci N a koeficient stravitelnosti vldkniny. Retence N byla 0 5,61 % vy33i u skupin kufat krmenych
smésmi BR2 s niZ§i hladinou N-litek (a;) (P < 0,05). U této skupiny byla zaznamendna i o 19,14 % vy33i stravitelnost
vldkniny (P < 0,1). Statisticky vyznamné vy3§i (P < 0,05) retence N o 5,93 % byla zaznamendna u skupin kufat krmenych
smésmi s kombinaci prepardtii na bazi oligosacharidii mannanl + Enterococcus faecium M-74 (by) oproti kontrole (by). U této
skupiny (b3) byla zaznamendna také o 8,04 % vy33i stravitelnost tuku (P < 0,05). Koeficient stravitelnosti vldkniny byl zjistén
o vice nez 10 % vy38i u viech pokusnych skupin oproti kontrole (by). Statisticky vyznamné vys§i (P < 0.1) koeficient
stravitelnosti vidkniny byl zjistén u skupin b, (+ 13,14 %) a by (+ 14 % oproti kontrole). SniZeny procentudlni obsah N-litek
ve smésich BR2 se projevil ve snizeném mnoZstvi vylouceného N v trusu. Skupiny kufat krmenych smésmi s niZ$i hladinou
N-litek (a)) vylu¢ovaly o 10.03 % méné N oproti kontrole (ag). Prim&rné niZ8i mnoZstvi vyloufeného N v trusu na | kg
pfiristku bylo zji$téno u skupin kufat krmenych smésmi BR2 s kombinovanym biologickym preparitem na bazi oligosacha-
ridd mannanl + Enterococcus faecium M-74 (bs).

Klicovi slova: kufeci brojlefi; probiotika; Lactiferm; Bio-Mos; riist; spotfeba smési; koeficienty stravitelnosti tuku, vlikniny
a BNLYV: dusik v exkrementech

INTRODUCTION

A reduction in nitrogen amounts getting into the soil
through animal excrements is one of the priorities of
environmental protection. Different methods are used for
this purpose: protein contents in feeds for chicken produc-
tion are decreased or so called ideal protein is searched
for. But these measures must not negatively influence
animal performance. Another method is more intensive
applications of existing probiotics or their combinations.
These preparations can have positive effects on the com-
position of intestinal microflora: its metabolic products
positively influence digestive processes in animals.

Mannan-oligosaccharides are a component of the
cellular membrane of Saccharomyces cerevisiae yeasts.
They are stable under the action of digestive enzymes,
hence it is possible to make full use of their biological
activity in the whole digestive tract of macroorganisms
(Newman, 1994). Mannan-oligosaccharides are an ac-
tive ingredient of the BIO-MOS biological (produced
by ALLTECH, Inc. Kentucky USA). Poultry perform-
ance and health were positively influenced by this bio-
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logical (Savage, Zakrzewska, 1996; Spring er al., 1996;
Kumprecht, Zobac, 1997, etc.).

Okumura et al. (1994) reported on experiments in
which mannan-oligosaccharides and three species of
lactacidogenic microorganisms were applied; lactic
acid concentrations in chicken droppings were found to
increase, which might have resulted in suppression of
pathogenic microflora.

Orban et al. (1997) managed to increase live weight
and feed conversion by up to 7.5% following oligosac-
charide applications to broiler chickens.

The bacterium Enterococcus faecium M-74 is an ac-
tive ingredient of many probiotics: Lactiferm produced
by MEDIPHARM, Inc., Sweden, is the most important
of all. The above bacterial strain is one of the best-
known probiotic components; it can be characterized
by high stability and positive effects on the composi-
tion of intestinal microflora of monogastric animals as
well as on performance and health indicators. Many
authors published similar data on the effects of this
bacterium, e.g. Fuller (1992), Gedekova (1990), Les-
tradet (1994), Kumprecht, Zoba¢ (1995), and others.
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Effects of combined biologicals containing several
microorganism species, or fractions of the cellular wall
of Saccharomyces cerevisiae and lactacidogenic micro-
organisms are an open question.

The objective of our research was to study the ef-
fects of biologicals containing mannan-oligosaccha-
rides and Enterococcus faecium M-74 and their combi-
nations, applied to BRI starters (one protein level) and
to BR2 feed mixtures with two protein levels for broiler
production, as exerted on chicken growth, feed con-
sumption and basic nutrient digestibility.

MATERIAL AND METHODS

A comparative feeding trial and a group metabolic
trial were conducted on sexed cockerels of ROSS hy-
brid for the purposes of this study: the cockerels were
supplied by Lihn¢ kufat MACH company (MACH
Chicken Hatcheries), Litomysl, CR. The comparative
feeding trial involved 320 straight-run cockerels in to-
tal, kept in cages by tens in an experimental house of
the Rescarch Institute of Animal Nutrition at Po-
hofelice. Chickens received BR1 starter with one pro-
tein level and applications of biologicals between days
of age | and 21, and BR2 feed mixtures with two pro-
tein levels and biologicals between days of age 22 and
42. Tab. I shows formulations of BRI and BR2 diets.
The design of comparative feeding trial was a two-fac-
tor one with replications according to the formula fA 2
x [B x 4 x (40) while fA represented two levels of
proteins and B biologicals.

Experimental design:
fA — two levels of proteins (in BR2)

a, — proteins 20.85%, 11.62 Ml/kg

a; — proteins 18.22%, 11.94 MJ/kg

fB — biologicals (BR1 and BR2)

by — diets without additives

b, = diets with addition of 200 g BIO-MOS/100 kg

b, — diets with addition of 3 g LACTIFERM L50/100 kg

by — diets with addition of 200 g BIO-MOS + 3 g
LACTIFERM L50/100 kg

I g of feeds with LACTIFERM biological contained

1.5 x 10° Enterococens Sfaecium M-74 bacteria.

The group metabolic trial was designed analogically
to the comparative feeding trial: in 16 metabolic cages
with precise collection of droppings. There were 4 cock-
erels per cage. The trial was conducted when the chick-
ens received BR2 diets (between days 22 and 42 of
chicken age), in 3 metabolic periods. An experimental
metabolic period lasted 4 days, and a preparatory one
3 days. The chickens had no access to feed 12 hours
before the start of experimental period and 12 hours
before its termination. Temperatures and relative at-
mospheric humidity in the experimental house were
controlled in accordance with the regulation for broiler
starting and feeding, illumination was continuous, free
choice of water and feed. Chicken weight and feed
consumption were measured in these intervals: days
1 to 21, 22 to 35 and 36 to 42 of chicken age.
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1. Formulations of basic diets BRI and BR2
Dict
Ingredient BRI R
ay a,
pereentage content
Fish meal 5 | |
Meat-bone meal 3 2 |
Yeasts | | 1
Soybean meal 25 25 19
Corn 40 40 47
Wheat 21 26 26
UBiovitan BRI 1% [ - -
DBiovitan BR2 Super - I |
YMineral feeding supplement 2-SP 4 4 4
Total 100 100 100
Dry matter 89.34 [ 89.21 89.18
Proteins 2431 20.85 18.22
Fat 2.75 2.52 2.60
Fiber 3:19 335 3.08
Ash ' 7.40 6.74 6.46
Nitrogen-free extract 51.6Y | 5575 | S58.82
Metabolizable energy in MJ/kg 1160 | 1162 | 11.94
R kg of biofactor supplement BRI contains: vitamin

A 1000000 LU.. vitamin Dy 200 000 LU.. vitamin K3 200 mg.
vitamin E 1 500 mg, vitamin B, 200 mg, vitamin B; 400 mg. vitamin
Bg 400 mg, vitamin B, 2 mg, niacin 3 500 mg. folic acid 50 mg,
calcium pantothenate | 000 mg, cholinechloride 25 000 mg,
methionine S0 000 mg, anhydrous sodium sulphate 150 000 mg.
halofungion 300 mg, Neox 20 000 mg. feeding meal ad 1 kg
2)  pior . Y
I kg of biofactor supplement BR2 contains:  vitamin
A 800 000 LU, vitamin D3 80 000 LU.. vitamin K3 200 mg, vitamin
E 1500 mg, vitamin B, 280 mg, vitamin By, 2 mg. methionine
50 000 mg, anhydrous sodium sulphate 150 000 mg. Monensin
10 000 mg, Neox 20 000 mg, feeding meal ad | kg
D'y kg of mineral feeding supplement MKP 2 SP contains: mineral
supplement MD 11 = 10%. feeding calcite 29%. dicalcium phosphate
39%, wheat meal 17%, feeding salt 5%
I kg of mineral supplement MD Il contains: ferrosulphate
140 000 mg. copper sulphate 14 000 mg, zine oxide 25 000 mg,
manganese oxide 29 500 mg. potassium iodide 150 mg. cobalt sul-
phate 150 mg. Magnovit (70% MgO) 379 000 mg. sodium selenate
100 mg. Siloxid 5 500 mg. feeding wheat meal ad | kg

Chemical analyses of feeds and droppings (dry mat-
ter, crude protein, fat, ash and fiber) were made accord-
ing to methodologies defined by the Czech standard
CSN 46 7092 (1986).

Data were processed by two-factor analysis of vari-
ance with replication (Snedecor, Cochran, 1969).

RESULTS
Tab. II shows data acquired by the study of the ef-
fect of two protein levels, mannan-oligosaccharides

and Enterococcus faecium M-74 applied to BR1 and
BR2 diets on chicken weight while Tab. III shows in-
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11. Effects of two protein levels, mannan oligosaccharides and Enterococcus fuecium M-74 applied in feeds on chicken live weight

. Uit . Proteins Probiotics

o a by b, b, b
Sample size number 160 160 80 80 80 80
Weight on day | g 50 50 50 50 50 51
Weight on day 21 g - - 567 581 581 580
S.D. g - - + 68 + 63 + 81 + 85
Index %o - - 100.00 102.47 102.47 102.29
Weight on day 35 g 1 486 1 467 1 445' 1478 1 488 1 495°
S.D. g + 188 + 181 + 169 + 160 + 180 + 192
Index Yo 100.00 98.72 100.00 102.28 102.98 103.46
Weight on day 42 g 2055 2003 1 980’ 2 005 2 063% 2 0687
S.D. g + 256 +233 + 230 + 228 + 24| + 276
Index o 100.00 97.47 100.00 101.26 104.19 104.44

Legend: a,, — proteins 20.85%, 11.62 MJ/kg
a, — proteins 18.22%, 11.94 MJ/kg
by, - control
b, — BIO-MOS (mannan oligosaccharides)
b, - LACTIFERM (Enterococcus faecium M-74)
by - BIO-MOS + LACTIFERM
Arabic numerals designate values significantly different at (P < 0.1)

111, Interactions of the effect of two dietary protein levels, mannan oligosaccharides and Enterococcus fuecium M-74 on chicken weight

AT Unit A x B interactions

agby b, agby aybs a,by a;b, a;by a3by
Sample size number 40 40 40 40 40 40 40 40
Weight on day | g 50 50 49 52 50 51 51 50
Weight on day 35 g 1 447 1 489 1 501 1 509 1 444 1 468 1 475 1 482
Index | % 100.00 102.90 103.73 104.28 99.79 101.45 101.94 102.42
Index I To 100.00 102.90 103.73 104.28 100.00 101.66 102.15 102.63
Weight on day 42 g 1991 2026 2103 2100 1 969 1 985 2023 2037
Index | o 100.00 101.76 105.63 105.47 98.90 99.70 101.61 102.36
Index I1 o 100.00 101.76 105.63 105.47 100.00 100.81 102.74 103.45

The legend see Tab. 11

teractions of two protein levels and biologicals on
chicken weight.

Chickens receiving BR2 diets with lower protein
level (a;) had by 1.28% and 2.53% lower live weight
on days 35 and 42, respectively, than group (ay) with
higher protein level. These differences were statisti-
cally insignificant. Chicken weight at 21 days of age
was on average by 2.3-2.5% higher in experimental
groups by, by, by than in control (.b(,). This difference
was statistically insignificant. The live weight of group
(b3) chickens, receiving the combination of mannan-
oligosaccharides and Enterococcus faecium M-T74, was
higher by 4.44% at 42 days of age than in control (b))
at P < 0.1. Significantly (P < 0.1) higher chicken
weight was also determined when Enterococcus
faecium M-74 bacteria were applied to BR2 diets. The
effect of biologicals on chicken weight was observed
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in both treatments, in BR2 diets with higher as well as
lower protein level.

Tab. IV shows feed consumption (in kg) per | kg of
weight gain in relation to protein content in BR2 diets
and in relation to applications of biologicals to BRI
and BR2 diets (two-factor analysis of variance). Two
protein levels x -biologicals interactions are given in
Tab. V. The consumption of BR2 feeds per | kg of
weight gain was not statistically significantly influ-
enced by different protein levels. The values were
within the range of natural variability.

Average lower consumption of BRI starters (in kg)
per 1 kg of weight gain (statistically insignificant) was
determined in groups of chickens receiving biologicals.
The difference was about 2.5%. A higher effect ol bi-
ologicals on feed consumption per I kg of weight gain
was observed in the period of BR2 diets.
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IV. The effect of two dietary protein levels, mannan oligosaccharides and Enterococcus fuecium M-74 on feed consumption in kg per | kg

of weight gain

r——— Unit Proteins Probiotics

ay a by by b, by
Number of groups 16 16 8 8 8 8
BRI consumption between day | and 21 kg/kg - - 1.549 1.510 1.513 1512
S.D. ke/kg - = £0.047 | £0.045 | £0.022 | 0054
Index G - - 100.00 97.48 97.68 97.31
BR2 consumption between day 22 and 35 kg/kg 1.940 1.990 2.034" 1.968 1.942% 1917°
S.D. kg/kg +0.098 + (.088 +0.078 +0.099 + 0.089 +0.097
Index o 100.00 102.58 100.00 96.76 95.43 95.13
BR2 consumption between day 22 and 42 keglkg 2.024 2.060 2.096' 2.049 2.018 2.005°
S.D. keg/kg + 0.067 +0.061 +0.043 + 0.067 +0.044 +0.079
Index Yo 100.00 101.78 100.00 97.76 96.28 95.66
Total consumption between day | and 35 kg/kg 1.772 1.809 1.840" 1.800 1.766 1.755°
S.D. kg/kg + 0.061 + 0.062 + 0.046 +0.072 + 0.050 + 0.060
Index T 100.00 102.09 100.00 97.83 Y5.98 95.38
Total feed consumption between day 1 and 42 kg/kg 1.878 1.904 1.937' 1.904 1.870 1.854°
S.D. kg/kg +0.047 +0.043 +0.036 + 0.046 +0.033 +0.045
Index o 100.00 101.38 100.00 98.30 96.54 5.72

The legend see Tab. 11
Arabic numerals designate values significantly different at P < 0.1

V. Interactions of the effect of two dietary protein levels. mannan oligosaccharides and Enterococcus fuecium M-74 on feed consumption

in kg per I kg of weight gain

Parameter Unit DA RTINS RS - ;
ayby b, b, agbsy by arhy a;by aihy
Number of groups 4 4 4 4 4 4 4 4
BR2 consumption per | kg gain (days 22-35) ke 2.022 1,923 1.905 1.909 | 2.045 2.012 1.978 1.925
Index 1 % 100.00 | 95.10 | 94.21 94.41 | 10114 | 99.51 97.82 | 95.20
Index 11 Yo 100.00 95.10 94.21 94.41 | 100.00 98.39 96.72 94,13
BR2 consumption per | kg gain (days 22-42) kg 2.098 2018 1.990 1.991 2.094 2.080 2.040 2.019
Index | Y 100.00 96.19 94.85 94.90 99.81 99.14 97.52 96.23
Index 11 Yo 100.00 [ 96.19 | 9485 | 9490 | 100.00 | 99.33 | 97.7I 96.42
Feed consumption per | kg gain (days 1-35) kg 1.823 1.782 1.741 1.740 1.857 1818 1.790 1.770
Index 1 o 100.00 97.75 95.50 95.45 | 101.87 99.73 Y8.18 97.09
Index 11 Yo 100.00 97.75 95.50 95.45 | 100.00 97.90 96.39 95.32
Feed consumption per | kg gain (days 1-42) kg 1.929 1.890 1.847 1.847 1.945 1918 1.892 1.860
Index 1 T 100.00 97.78 95.74 95.74 | 100.83 99.43 98.08 96.94
Index 11 % 100.00 97.78 95.74 95.74 | 100.00 98.61 97.28 95.83

The legend see Tab. 11

All experimental groups (b, by, b;) had lower aver-
age consumption of BR2 feed than group (by). Chick-
ens of groups (bs) receiving diets with the combination
of mannan-oligosaccharides + Enterococcus faecium
M-74 had the statistically significantly (P < 0.1) lowest
feed consumption (in kg) per 1 kg of weight gain. The
difference from control (b)) was (-4.87%) at 35 days
of age and (-4.34%) at 42 days of age. Such a signifi-
cant difference (P < 0.1) was also calculated for total
feed consumption per | kg of weight gain over feeding
periods days 1-35 and day 1-42 of chicken age.
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Biologicals containing mannan-oligosaccharides
and Enterococcus faecium M-74 had positive effects on
the consumption of BR2 feeds at both treatments, at
higher and lower protein levels (Tab. V).

Tab. VI shows effects of different protein levels and
applications of biologicals containing mannan-oli-
gosaccharides and Enterococcus faecium M-74 on some
parameters of nutrient digestibility.

N retention and coefficient of fiber digestibility
were statistically significantly influenced by different
protein levels in BR2 diets. N retention was higher by
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VI. The effect of two dietary protein levels, mannan oligosaccharides and Enterococcus fuecium M-74 on basic nutrient digestibility

o R, e Proteins Probiotics

4 by b, b, by
Number of determinations 24 12 12 12 12
N retention g 55.81" 58.94" 56.69" 55.75" 57.01 60.05"
S.D. g +£3.92 +239 277 +3.03 + 3.81 +2.99
Index % 100.00 105.61 100.00 98.34 100.56 105.93
Fat digestibility coefficient % 80.69 78.86 76.48" 80.01° | 79.97 82.63"
S.D. To £3.77 +478 +3.30 +4.75 + 5.65 +3.40
Index T 100.00 97.73 100.00 104.62 104.56 108.04
Fiber digestibility coefficient % 7.00' 8.34% 7.00" 7.78'2 7,92} 7.98°
S.D. Yo +353 +3.78 +3.74 +4.52 + 3.65 +2.70
Index Yo 100.00 119.14 100.00 111.14 113.14 114.00
Nitrogen-free extract digestibility coefficient % 83.99" 85.28" 84.84 84.01 84.74 84.94
S.D. To + L.I8 £0.79 +1.02 + 1.03 +0.99 + 1.36
Index Go 100.00 101.54 100.00 99.02 99.88 100.12
N output in g per | kg weight gain g 339 305 33.8 332 325 294
S.D. g +6.0 3.6 +42 +5.0 +59 +4.1
Index % 100.00 89.97 100.00 98.22 96.15 86.98

The legend see Tab. 11
Small letters designate values significantly different at P < 0.05
Arabic numerals designate values significantly different at P < 0.1

5.61% in chicken groups receiving BR2 diets with
lower protein level (a;) at P < 0.05. Fiber digestibility
in this group was higher by 19.14% at P < 0.1. In
comparison with control (b0), statistically significantly
higher (P < 0.05) N retention, by 5.93%, was determi-
ned in groups of chickens receiving diets with the com-
bination of preparations based on mannan-oligosaccha-
rides + Enterococcus faecium M-74 (bs). Group (bs)
showed fat digestibility higher by 8.04% (P < 0.05).

Coefficient of fiber digestibility was higher by 10%
in all experimental groups than in control (by). Statis-
tically significantly higher (P < 0.1) coefficient of fiber
digestibility against control (by) was calculated in
groups (by) + 13.14% and (b3) + 14%.

Reduction in the percentage content of proteins in
diets BR2 resulted in lower N output in droppings.

N output in g was lower by 10.03% in groups of
chickens on diets with lower protein level (a;) than in
control (ap). Average lower values of N output in drop-
pings (in g) per | kg of weight gain were determined
in groups of chickens receiving BR2 diets with the
biological preparation based on mannan-oligosaccha-
rides + Enterococcus faecium M-74 (bs).

DISCUSSION

As documented by the above results, protein con-
tents in feeds for broiler production have direct impacts
on live weight and feed consumption, and mainly on N
conversion by the organism; this is also reflected in
nitrogen output in excrements. Protein content
(18.22%) in BR2 diets insignificantly reduced the final
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live weight of chickens but N output in droppings was
lower by 10%.

Biologicals containing lactacidogenic microorga-
nisms and some fractions of cellular wall, i.e. mannan-
-oligosaccharides in our experiments, had positive ef-
fects on live weight and on feed consumption. This
evidence is fully in agreement with our previous stu-
dies of the effect of probiotics in broiler diets (Kum-
precht, Zobac, 1996).

Development of pathogenic microflora of E. coli, Sal-
monella typhimurium, Clostridium botulinum and Clos-
tridium sporogenes (Newman, 1994) is inhibited by man-
nan-oligosaccharides. On the other hand, lactacidogenic
microflora is positively stimulated by their action.

The above statement is confirmed by the results of
our experiments on applications of a combined prepa-
ration containing mannan-oligosaccharides + Entero-
coccus faecium M-74 in feeds for broiler production
with respect to chicken growth and feed consumption
as well as to basic nutrient digestibility.

It is to state that such a probiotic preparation can be
produced on the basis of an efficient combination of
cellular fractions from selected strains of Saccharomy-
ces cerevisiae and a selected strain of lactacidogenic
bacterium that will positively influence chicken growth
and nutrient conversion and contribute to a substantial
reduction in N output in animal excrements to the ex-
ternal environment.
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SKRMOVANIE MUCOK Z MUSICH LARIEV A KUKIEL
U TILAPIE NILSKE]J (OREOCHROMIS NILOTICUS)

FEEDING MEALS OF HOUSEFLY LARVAE AND PUPAE TO THE NILE
TILAPIA (OREOCHROMIS NILOTICUS)

V. Chrappa, V. Sabo

Institute of Animal Biochemistry and Genetics, Slovak Academy of Sciences, Ivanka pri
Dunaji, Slovak Republic

ABSTRACT: Two trials were conducted to study the feeding of meals made of housefly larvae and pupae to the Nile tilapia
(Oreochromis niloticus) as a fifty-percent and full replacement of fish meal in granular isoprotein feed mixtures. Formulations
of these feeds are shown in Tabs. I and I1. Trial No. | (started on 28th May 1996) involved 25 tilapias in a group of average
live weight of 46.7 g and body length 105 mm. The trial lasted 28 weeks. Trial No. 2 (started on 18th July 1996), lasting 46
weeks. involved fish with initial live weight of 16.6 g and body length 60 mm. The group comprised 30 individuals. Each
group was kept in a 200-liter aquarium. Water temperature ranged from 23 to 25 °C. The aquaria were [illed with new water
in about 10-day intervals. The feeding of both types of meals at both replacements did not significantly influence the live
weight and body length of fish (P > 0.05): a trend of higher live weight was observed in experimental groups (Figs. 1 and 2).
Feed conversion was lower in the meal of housefly larvae (by 12.0 and 4.7%) and higher in that ol housefly pupae (hy 28.6
and 21.1%). Fish mortality was not influenced by feeding these meals. Carcass analyses showed that gill weight significantly
(P < 0.05) decreased as a result of feeding the meal of housefly larvae (by 21.9 and 13.7%) while the weight of inedible
viscera increased (P < (.05) after applications of both meals: by 16.9 and 22.0% in trial | and by 55 and 26.7% in trial 2.

Keywords: Nile tilapia; feeding: housefly larvae: housefly pupae

ABSTRAKT: V dvoch pokusoch na tilapii nilskej (Qreochromis niloticus) sa skimala moZnost skrmovania macok z musich
lariev a kukiel ako polovi¢nad a plna ndhrada rybacej micky v izoproteinovych kimnych zmesiach. Obe micky neovplyvnili
negativne Zivii hmotnost a dizku tela ryb (P > 0.05). Konverzia krmiva bola ¢iastoéne zhorend u micky z musich lariey.
(0 12.0 % a 4,7 %) a zlepSend u micky z musich kukiel (0 21.6 % a 28.6 %). Mortalita ryb sa skrmovanim muticok nczmenila.
Oba druhy musich miacok zvySovali podiel nepouzitelnych viitornosti z Zivej hmotnosti.

Klticové slovi: tilapia nilska; kimenie; musie larvy: muSie kukly

UvoD afrického (Clarias gariepinus Burchell), zniZovala sa
tumerne jeho Ziva hmotnost (Chrappa ¢r al., 1996).

Dal3im druhom ryby, ktord by sa mohla vyuzit k to-

Popri planovanom zaradeni japonskych prepelic do
uzavretého ekosystému (Boda et al., 1991) sa uvazuje
so zaradenim aj muchy domécej ako spracovatela odpa-
du — prepelicieho trusu. Pomocou lariev muchy domace;j
mozno popri podstatnom zlepSeni nepriaznivych vlast-
nosti trusu — znizenie vlhkosti, odstranenie zapachu.
zlepSenie §truktiry atd'., zabezpecit i vyrobu kvalitnych
bielkovinovych krmiv — musich lariev a kukiel (Koza-
nek et al., 1994), ktorych je mozZné opil spiitne vyuZi(
vo vyZive japonskych prepelic (Chrappa, Sabo, 1996).

Dal§im vhodnym ¢lankom tohto refazca pre zabez-
pecenie recyklizacie biogénnych latok vo vySe uvede-
nom systéme by mohli byt ryby. Musia to vSak byt
menej naro¢né druhy na prostredie (Koufil, 1987).

Ak sa skrmovali musie kukly ako alikvotna polovi¢na
a cela nahrada rybacej miacky v kimnej zmesi u sumdéeka
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muto Gcelu, je tilapia (Dvordk er al., 1989; Grunina,
1984: Koufil, 1987). Price niektorych autorov (Koufil
et al., 1987: Lygalova, Dmitri¢enko. 1985) ukazali. ze
vysledky v aZitkovosti boli imerné kvalite kimnych
zmesi, predovSetkym obsahu dusikatych latok.

Cielom tejto prace bolo zistit moznost skrmovania
macky z musich lariev a kukiel ako polovicnej a celej
nihrady rybacej mucky v izoproteinovych . kimnych
zmesiach u tilapie nilskej.

MATERIAL A METODA
Urobili sa dva pok(nsy s tilapiou nilskou. V pokuse

¢. | sa skrmovala kimna zmes, v ktorej sa polovica
a celé mnoZstvo rybacej micky nahradili mickou
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I. ZloZenie kimnych zmesi — Composition of feed mixtures

I1. ZloZenie musich lariev a kukiel (VUK Ivanka pri Dunaji) - Com-

Kontroly'”|  Pokus |'* Pokus 2"
skupina2!
Komponent v %' 1. mo | ome | o | oo
K ML- | ML- | MK- | MK-
50 | 100 [ 50 | 100
Rybacia miicka® 14,0 70| - 70| -
Musie larvy? - 70| 140 | - -
Mutie kukly* - - - 70| 140
Sojqvy extrahovany | 370 | 400 | 430 | 380 | 390
Kukurica® 42,0 39.0 | 36,0 | 41.0 | 40,0
PSenica’ 6,0 60| 60| 60| 60
DB BR-1 1.0 L0 10| 10| 10
Spolu® 100,0 | 100.0 | 100,0 | 100,0 | 100,0
Obsah? v g/kg
ME v Ml/kg 11,72 | 11,60 11,48 11,68 11.64
N-litky (N x 6.25)'"| 3008 |301.4 |302,0 | 300.9 | 301,1
Voda'' 1145 | 111,3 [ 1082 | 111,6 | 1089
Tuk'? 323 40,9 | 49,5 | 37.2 | 420
Popol'? 54,5 503 [ 46,2 | 48,0 | 41,6
Vliknina'* 494 | 563 | 633 | 593 | 69,0
BNLV 448,5 | 4398 |430.8 [443,0 [ 4374
Vipnik'* 9,60 | 6,84 409 6.52[ 342
Fosfor'® 8,25 701 599 7.00] 596
Lyz 28,49 | 18,68 17,13| 18.28) 16,33
Met + Cys 1063 | 10,03] 943 972 880
DB BR-1 ~ doplnok biofaktorov BR-1 - biofactor supplement
BR-1
ME - metabolizovatelnd energia — metabolizable
energy
BNLV ~ bezdusikaté litky vytazkové — nitrogen-free
extract
Lyz, Met + Cys — kyseliny — id

lingrcdienl. %fish meal, "ﬂy larvae, Jﬂy pupae. "soybc:m meal,
fcorn, wheat, *total, nutrient content, crude protein, 'water,
2fat, Pash, *fibre, calcium, I"phosphor\ls. controls, ¥trial 1,
Yirial 2, 2"group

z muSich lariev a'v pokuse ¢. 2 mickou z muSich ku-
kiel (tab. I). Ich zloZenie (VUK Ivanka pri Dunaji) je
uvedené v tab. II. Kimne zmesi boli namieSané ako
izoproteinové.

Kazda skupina bola umiestend v 200litrovom akvé-
riu. Teplota vody sa pohybovala v rozpiti 23-25 °C.
Jej vymena sa robila pribliZzne v desatdiiovych interva-
loch. Cistenie a okysliovanie vody sa robilo motoro-
vym filtrom Fluval-4, s vykonom 1 000 I/h. Voda sa
pouzivala z vodovodu.

Kfmne zmesi v granulovanej forme sa skrmovali
v mnoZstve 3,5 % zo Zivej hmotnosti zistovanej v dvoj-
tyZdiiovych intervaloch. V pripade, Ze ryby krmivo nevy-
zrali, navazilo sa dalSie az po skonzumovani predoslého.

Na pokus €. 1 sa pouzilo 75 kusov tilapie o priemernej
Zivej hmotnosti 46,7 g a dizke tela 105 mm, ktoré sa rov-
nomerne rozdelili do troch skupin po 25 ks (28. 5. 1996).
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position of fly larvae and pupae

Ukazovatel m:':iﬁ, k’:f;'f;;},
Voda? % 4,69 5.04
N-litky* (N x 6,25) % 48,04 56.97
SNL* % 37.85 38,72
Tuk’ % 21,02 15.15
Popol® % 10.4 851
Vliknina’ % 7,25 13,14
Aminokyseliny®:

Asp % 3,846 4.117
Thr % 1,800 1.890
Ser % 1,671 1.684
Glu % 6,054 5.942
Pro % 1,702 1,756
Gly % 2,008 2431
Ala % 2,575 2,280
Val Yo 2,034 2,253
lle % 1.713 1.837
Leu %o 4,294 4,590
Tyr % 2,426 2,440
Phe % 4,161 4,679
His % 1,299 1.527
Lyz % 2,894 3,040
Arg %o 1,697 2,003
Met %o 1.081 0,959
Cys % 0,239 0,190
Minerdlne litky”:

Fosfor'? g/kg 13.18 12.70
Vipnik!! e/kg 17,56 13.46
Sodik'? g/kg 7,15 5,84
Draslik'? glkg 1891 14,86
Hor¢ik ' g/kg 3.25 3.29
Med's g/kg 48.8 40.66
Zelezo'® e/kg 955.1 513.3
Mangin'’ g/kg 171,1 169.6
Zinok'® g/kg 23008 1453.8.

2 3 g Wgeasass o Beo

'purametcr, water, “crude protein, “digestible protein, “fat. “ash.
X, . N 9 . ) . 2 "

"fibre. *amino acids, *minerals, I(phnsphoru.s‘.. ealeium. Zsodium.

13 . 4 : ) : I8, .
potassium, “magnesium, 'cupper. iron, " 'manganese, zing,

Il)ﬂy larvae, 2"ﬂy pupae

Pokus trval 28 tyzdiov. Jatocny rozbor sa uskutocnil
na konci pokusu u 15 najtazsich ryb z kazdej skupiny.

V pokuse ¢&. 2 sa pouzilo 90 ryb o priemernej hmot-
nosti 16,6 g a dizke 60 mm (18. 7. 1996), ktoré sa
rozdelili do troch skupin po 30 kusoch. Vlastny pokus
trval 46 tyzdiiov, pretoZe v kaZdej pokusnej skupine
uhynuli §tyri najfaz8ie ryby, ¢o by bolo vyrazne pozme-
nilo hodnoty ukazovatelov GZitkovosti. V kimeni po-
kusnym krmivom sa vSak pokracovalo az do veku
52 tyzdiiov, kedy sa urobil jatocny rozbor (12 ryb
v skupine), t.j. ked sa priemernd Zivd hmotnost pohy-
bovala okolo 100 g. )
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111, Zdkladné parametre tiZitkovosti tilapie nilskej (pokus 1) — Basic
characteristics of the efficiency of Nile tilapia (trial 1)

EN Skupina''
g
Parameter' 5
‘;’.‘ L. K |1l ML-50| I1I. ML-100
>
Ziva hmotnost> (g)
3 o |abs. | 467] 466 46.9
Na zaciatku pokusu-
rel. 100,0) 99.8 100.4
abs. 1143 1158 121.6
Na konei pokusu® rel. | 100,00 1013 106.4
S.D. 10,0] 6,8 10.7
Dizka tela® (mm)
) abs. 105 105 105
Na zaciatku pokusu
rel. 100.0) 100.0 100.0
abs. 150 154 155
Na konci pokusu rel. 100,0 102,7 103,3
S.D. 0.5 0.4 0,6
Spotreba krmiva® (g)
abs. [ 3103] 3354 3285
Na | kus’
rel, 100.0) 108.1 105.9
) | abs. |4 328 4 847 4 531
Na | kg prirastku Z.h.
rel. 100,0) 112.0 104.7
. abs. 2 2 1
Mortalita” (ks)
Yo 8.0) 8.0 4.0

Vietky rozdiely si nepreukazné (P > 0.,05) — All differences are
insignifikant (P > 0.05)

abs. — absolitne vyjadrenie (g. mm, kg) - absolute expression (g.
mm. kg)

rel. - relativne vyjadrenie, porovnanie k skupine I. K — relative
expression, compared to group 1. K

lpzu':um:u:r. Zlive weight, fat the beginning of the trial, *at the end
of the trial, 5hody length, Ofeed consumption, 7per fish, "pcr I kg
weight gain. "mortality. "'expressinn. “gmup

VYSLEDKY A DISKUSIA
Pokus ¢. 1

Zikladné parametre GZitkovosti si uvedené v tab. III.
Skrmovanie mucky z muSich lariev, ako polovic¢na
a celd ndhrada rybacej micky v kfmnej zmesi, neov-
plyvnilo signifikantne Zivi hmotnost a dizku tela ryb
(P > 0,05) — obr. 1.

Spotreba krmiva bola v pokusnych skupinach vyssia
o 8,1 % a59 % a jeho konverzia horSia o 12,0 %
a 4,7 %. Tento vysledok moZno hodnotit iba ako orien-
tacny, vzhladom k danej mensSej presnosti sledovania
spotrehovaného krmiva (straty inikom pri filtracii vo-
dy a pod.), i vzhladom na to, Ze rozdiely boli mensSie
pri plnej ndhrade rybacej micky v porovnani s polo-
vicnou nédhradou.

Skrmovanim mucky z muSich lariev nebola negativ-
ne ovplyvnend mortalita ryb.

Hodnoty jatoéného rozboru si uvedené v tab. IV.
Signifikantné rozdiely sa zistili iba v zniZenej hmot-
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tyzden (week)

~ 1K 4 Il ML50 > Il. ML -100 |

I. Ziva hmotnosf tilapie nilskej (pokus 1) = Live weight of the Nile

tilapia (trial 1)

9
120 —eememnnes

100!

RT——
12 16 20 24 28 32 36 40 4446
tyzden (week)

* LK 1. MK-50 “#1ll. MK -100
e e )]

2. Ziva hmotnost tilapie nilskej (pokus 2) — Live weight of the Nile
tilapia (trial 2)

nosti Ziaber u oboch skupin (P < 0,05) a zvy3encj
hmotnosti nepouzitelnych vnitornosti u skupiny s ce-
lou nihradou (P < 0,05). Pri hodnoteni podielu jednot-
livych Casti a orgdanov zo Zivej hmotnosti sa zistilo, Ze
obe pokusné skupiny mali niZsi podiel hmotnosti Ziaber
a vyS8i podiel nepouZitelnych vnitornosti (P < 0,01).
Ostatné rozdiely boli len numerického charakteru.

Pokus & 2

Skrmovanie kimnych zmesi s muSimi kuklami ako
polovi¢nej a celej ndhrady rybacej micky neovplyvnilo
negativne Zivi hmotnost a dlzku tela (P > 0,05) -
tab. V, obr. 2. I pomerne vyrazny rozdiel v Zivej hmot-
nosti ryb (+37.9 % a +17.1 %) bol vplyvom vysokej
variability len nesignifikantny (P > 0,05).

Napriek vy&§ej absolitnej spotrebe krmiva u skupi-
ny s polovi¢nou ndhradou rybacej macky kuklami
0 21,6 % bola jeho konverzia lepSia 0 28,6 %. Pri plnej
nahrade nebol v absolitnej spotrebe krmiva rozdiel, pri
Jjeho lepSej konverzii 0 20,1 %. V mortalite ryb nebol
zisteny rozdiel.

Hmotnost a podiel telovych Casti a orginov tilapii
st uvedené v tab. VL. Signifikantny rozdiel sa zistil iba
vo zvy§eni hmotnosti a podielu nepouzitelnych vnitor-
nosti u skupiny II. MK-50 (P < 0,05), kym u skupiny
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IV. Hmotnost a percentudlny podiel telovych Casti a organov (pokus 1) — Weight and percentage of body parts and organs (trial 1)

Skupina'* 1. K =100
Ukazovatel (g) I 11, 1. 11 1.
K L-50 L-100 L-50 L-100

Ziva hmotnos(? 131,6" 133,3" 147.6" 98.0 112.2
Hlava (bez Faber)? 22,0 23,5 246" 106.8 118
Ziabra* 7.3 57" 6.3" 78.1 86.3
Peceii’ 28" 255" 29" 89.3 103,6
Gonidy® 1.6" 1,3 I 81.3 68.8
Pouzitelné vniitornosti’ 44" 3.8" 4.0" 86.4 90,9
Nepouzitelné vnitornosti® 59" 69" 72" 116.9 1220
Plutvy’ 6,1" 6.0 68" 98.4 1.5
Trup'? 83,9" 83.6" 95.4" 99.6 113.7
PouZitelné Zasti'! 1103 110.8 124,0° 100.5 1124
Vytaznost'? (%) 83.1" 83.1" 82.1" 100,0 98.8
Podiel zo Zivej hmotnosti'® (%)

Hlava (bez Ziaber) 16,8 17.7 167" 105.4 99,4
Ziabra S 43" 43" 75.4 75.4
Peteii 21" 1.9* 2,0 90.5 95.2
Gonidy L1® 0.9* 0.7* 81.8 63.6
Pouzitelné vnitornosti 3 2.8" 2 87.5 84.4
NepouZitené vnitornosti 4,54 528 49¢ 115.6 108.9
Plutvy 46" 45" 4,6" 97.8 100,0
Trup 63.3" 626" 64,5" 98,9 102.4

Nerovnaké Cisla: malé — P < 0,05, velké - P < 0,01
Uneven letters: small — P < 0.0S, capital - P < 0.01

Enrnme(er %live welghl *head (without gills), gllk shver gon'\ds Tviscera edible. *viscera non-edible. "fins. "carcass. "'edible parts.
'drcssmg percentage, propomon out of live weight, ' group

V. Zikladné parametre uZitkovosti tilapie nilskej (pokus 2) — Basic characteristics of the efficiency of Nile tilapia (trial 2)

Skupina'!
Parameter’ Vyjadrenie! upina
I. K 1. ML-50 111. ML-100

Zivi hmotnos(> (€3]

abs. 16,6 16.6 16.6
Na zatiatku pokusu® o8 .

rel, 100,0 100,0 1000

abs. 733 101.1 85.8
Na konci pokusu® rel. 100,0 1379 117.1

S.D. 9.6 14.8 1235
Dizka tela® (mm)

) abs. 60 60 60

Na zaciatku pokusu

rel. 1000 100.0 100.0

abs. 1.2 12,7 19
Na konci pokusu rel. 100,0 1134 106.3

S.D. 0,5 0.7 0.6
Spotreba krmiva® (g)

abs. 2747 3134 2714
Na | kus’ e

rel. 100,0 121,6 98.8

abs. 5376 3 841 4294
Na | kg prirastku Zh.* .

rel. 100,0 714 79.9

g abs. 8.0 7.0 9.0

Mortalita? (ks) .

% 26,7 23.3 30,0

Vietky rozdiely st nepreukazné (P > 0,05) — All differences are- insignifikant (P > 0.05)
abs. — absoliitne vyjadrenie (g, mm, kg) — absolute expression (g, mm, kg)
rel. — relativne vyjadrenie, porovnanie k skupine I. K — relative expression, compared to group 1. K

!parameter, Zlive weight, 3t the beginning of the trial, *at the end of the trial, Sbody length, “feed consumption. “per fish, “per | kg weight
gain, "mnrmlily. "'expression. group
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VI. Hmotnost a percentudlny podiel telovych Casti a orginov (pokus 2) — Weight and percentage of body parts and organs (trial 2)

Skupina'* I. K = 100
Ukazovatel' (g) 1. . 1. 11, 1.
K L-50 L-100 L-50 L-100

Zivi hmotnost? 107.0° 127.3" 97.8" 119.0 91.4
Hlava (bez Ziaber)? 2.7 32.0" 243" 115.5 87.7
Ziabra® 46" 5.7 3" 123.9 80,4
Pecen’ 1.6 17" 1.5 106.3 93.8
Gonidy® 1.8 12 1.3" 94.4 722
Pouzitelné vitornosti’ 34" 3.4" 28" 100.0 82.4
Nepouzitelné vautornosti® 4.5 7.0" Ll 155,6 120.7
Plutvy” 5.0° 6.4" 5.4° 128.0 108.0
Trup'’ 530" 63.9" 48 4" 1203 91,1
Pouzitelné asti'! 84.1" 99,4 75.5" 118.2 89.8
Vytaznost'? (%) 71.9" 77.4" 76.4" 99.4 98.1
Podicl zo Zivej hmotnosti'? (%)

Hlava (bez Ziaber) 242" 25.8" 250" 106.6 103.3
Ziabra 44" 46" 39" 104.5 88,6
Peceil 5 1.3 1.4" 86.7 93.3
Gonidy 14" 13* 1,2" 92.8 85.7
PouziteIné vndtornosti 2.8" 26" 2.5% 929 89,3
NepouziteIné vnitornosti 420 54" 6,2° 128,6 147.6
Plutvy 45" 5% 54" 1133 120.0
Trup 47.8" 49 4" 48,7 103.3 101.9

Nerovnaké Cisla: malé — P < 0,05, velké - P < 0.01
Uneven letters: small - P < 0.05, capital - P < 0,01

A, - 3 o o 5 £ 0 n n 85 & Y. )
!parameter. “live weight. “head (without gills). "gllls. liver, “gonads. Tviscera edible. *viscera non-edible. “fins, car

2 N 3 " Sae 2 4
Pdressing percentage. “proportion out of live weight. group

III. MK-100 bol signifikantny rozdiel iba u podielu ne-
pouZzitelnych vnitornosti (P < 0,01) a plutiev (P < 0,05).
Je zaujimavé, Ze u oboch pokusov a u oboch skupin sa
signifikantne zvysil podiel nepouZiteInych vnatornosti.
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VLIV KOMPLEXU CELULAZY, HEMICELULAZY
A GLUKOZAOXIDAZY V PROBIOTICKO- s
-ENZYMATICKEM ADITIVU NA FERMENTACI VOJTESKY

EFFECT OF CELLULASE, HEMICELLULASE AND GLUCOSE OXIDASE
MIXTURE IN PROBIOTIC-ENZYMATIC ADDITIVE
ON FERMENTATION OF ALFALFA

R. Louéka', E. Machaéové', J. MOI‘aVCOVle, M. Cef‘ovsk)’fz, M. Voldfich?

'Research Institute of Animal Production, Praha-UhFinéves, Czech Republic
Institute of Chemical Technology, Praha, Czech Republic

ABSTRACT: The effect of probiotic-enzymatic additives and probiotic additives on the ensiled alfalfa (Medicago sativa L..)
wilted at two levels of dry matter (a shorter and longer wilting time) and harvested at the second and the third cut, was
studied. The alfalfa was ensiled in tube silos (10 litres of volume). All varicties were treated and untreated with additives.
The probiotic-enzymatic additive Bactozym (Medipharm CZ s.r.0., Hustopece u Brna) and also the inoculant component of
this additive were used. The enzyme component of enzyme-inoculant mixture was prepared from cellulase and hemicellulase
mixture with total enzymatic activity of 25 000 nkat.cm™ and glucose oxidase with activity of 4000 nkat.cm™. The inoculant
was a mixture of Enterococcus faecium M-74, Lactobacillus plantarum, Lactobacillus casei and Pediococcus acidolactic
(10.2 log CFU.g"). The enzyme-inoculant mixture (mixture of | litre enzyme component with 100 grams inoculant) was
added per | ton of forage, the inoculant was added 100 grams per | ton of forage. Both additives were added into solution
with 0.4 litre distilled water per 1 ton of forage, the same amount of distilled water was added also into control silage without
the additives. The fermentation in the tube silos was carried out at laboratory temperature of 25 °C. The samples of silages
were analyzed after the first 2 weeks alter ensiling. 4 times during the fermentation and finally after 9 months of fermentation.
The changes of aerobic and facultative anaerobic mesophilic bacteria (AFAMB), lactic acid bacteria (LAB). spores of
mesophilic bacteria (SMB). yeasts and moulds were investigated during fermentation. The parameters of the nutritive value
of silages. their fermentation and aerobic stability were determined by using routine analytical techniques. The silages from
the second cut of alfalfa with dry matter of 36-39% were of a higher quality than silages with higher dry matter content
(58-59%). The silages from the third cut of alfalfa with dry matter content ol 31-35% were ol a higher quality than those
of the second cut with dry matter content of 36-39%. Each of the varieties of silages was preserved either with the
enzyme-inoculant mixture additive, with its inoculant component and without them. The best results were observed with the
silages treated with the enzyme-inoculant mixture additive. The control without any additives was the worst. The treated
silages were significantly (P < 0.05) better than untreated ones in proteolysis degree 12.3 vs. 13.9% (the second and third
cut with lower dry matter content), pH 4.33-4.35 vs. 4.55 (the second cut with higher dry matter content). content of lactic
acid 66.2-66.3 vs. 59.3 g.kg'l DM (the second cut with higher dry matter content). content of acetic acid 39.9-38.8 vs.
58.8 g.kg“' DM, and butyric acid 0.29 vs. 0.33 g.kg" DM (the third cut with longer wilting time than in the second cut). In
the treated silages vs. untreated ones were more of AFAMB and LAB, less SMB and molds. The aerobic stability of the
silages treated with the enzyme-inoculant mixture was worse (especially in the number of AFAMB) than of those that were
treated only with inoculant or were untreated. The best aerobic stability was determined in the silage with the inoculant
component of mixture additive. The aerobic stability was not statistically evaluated. In conclusion the effects of cellulase,
hemicellulase and glucose oxidase mixture in probiotic-enzymatic additive Bactozym on the feeding values. quality of
fermentation and acrobic stability of alfalfa silages were not statistically significant (P > 0.05).

Keywords: silage: alfalfa; enzyme; glucose oxidase: probiotics

ABSTRAKT: Cilem vyzkumu bylo uréit za riznych technologickych podminek (rozdilny obsah suSiny. rizné pofadi sece)
vliv enzymového komplexu vybraného probioticko-enzymatického aditiva na fermentaci vojtéskovych siliZi. Podle hlavnich
ukazateld kvality fermentace (pH. obsah organickych kyselin, stupei proteolyzy) byly silize s aditivy hodnoceny jako
vyznamné (P < 0),05) lep§i neZ sildZe bez nich. Probioticko-enzymatické aditivum B i samostatné pouZité inokulum miéénych

* Vyzkum byl financovin Grantovou agenturou Ceské republiky (reg. €. 507/94/1257) a NAZV MZe CR (reg. & EP-6339).
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bakterii aditiva B bylo vice uinné pri silaZovini vojtésky zavadlé na obsah suiiny 30-35 % neZ 55-59 % a rovnéZ vice
aginné ve tieti nez ve druhé se¢i. Vliv enzymového komplexu vybraného probioticko-enzymatického aditiva na pribéh
a vysledek fermentace nebyl statisticky prokazatelny (P > 0,05).

Klicova slova: silaZe: vojtéSka; enzymy; glukézaoxidaza; probiotika

UvVoD

Zatimco pfiznivé dCinky hydrolytickych enzymi
(uvolnéni fermentac¢né vyuZitelnych cukri) pfi fermen-
taci pice byly predmétem mnoha vyzkumnych praci
(Stokes, Torrey, 1990), oxidoredukénim enzymim jiz
takova pozornost vénovidna nebyla. Podle finského pa-
tentu (Heikonen et al., 1984) pomaha oxidoredukéni
enzym glukdzaoxidaza (GO) rychleji snizit pH a mnoz-
stvi kysliku v silaZich, zejména pak na zaCatku fermen-
tace.

V pokusech, které uskutecnili Rauramaa et al. (1991)
za Gc¢elem objasnéni funkce enzymu GO pfi silaZovani,
byla fezanka nejprve oziiena gama-paprsky. Aplikace
GO na sterilni material méla vyznamny vliv na vysoké
zvy$eni produkce kyseliny glukonové a na sniZeni ob-
sahu glukézy. Na obsahu kyseliny mlé¢né ani octové
se pridavek GO neprojevil. Rychlejsi pokles pH pfi
pouziti samotného GO nebyl prokazan. Aktivitu GO
sniZilo vy$§i vytésnéni vzduchu — v udusané hmoté by-
la ve srovnani s neudusanou pozorovana nizsi produk-
ce kyseliny glukonové.

Technologické vlivy (stupeii zavadnuti, poiadi sece)
na kvalitu fermentace vojtésky sledovali Jaster, Moore
(1990), McDonald er al. (1991), Stokes, Dhar (1991),
Jones et al. (1992), Marshall er al. (1993) a Keller et
al. (1994).

MATERIAL A METODY

Cilem préace bylo za riznych podminek (stupeil za-
vadnuti, pofadi sece) urcit vliv enzymového komplexu
vybraného probioticko-enzymatického aditiva na vy-
sledek fermentace vojtéskovych silazi.

SildZzovana byla vojtéska (Medicago sativa L.) odri-
dy Bobrava. Tato odrida je stfedniho az vyssiho vzris-
tu, jemné lodyhy, polovzpfimena aZz vzprimena, s vel-
kym podilem listii, s malym podilem pestie kvetoucich
rostlin, podle doby kveteni rana az polorana a poskytu-
jici vysoké vynosy pice. Porost vojtésky byl sklizen ve
druhém uZitkovém roce v druhé (10. 7.) a tieti seli
(20. 8.). Pice byla posekdna mackacem E-301. Zavadai-
ni probihalo ve druhé seci za slunného pocasi (jedna
cast porostu byla sklizena po 24 hodinach, druha cast
po 48 hodinach). Treti sec pice zavadala asi 48 hodin
(bylo zataZeno). Zavadla hmota byla sklizena fezac¢kou
Jaguar Claas s nastavenou teoretickou délkou fezanky
14 mm.

Pice ze druhé i tieti seCe byla sildZovdna kontrolné
bez aditiva, pokusné jednak s probioticko-enzymatic-
kym aditivem (B) s obchodnim nazvem Bactozym (vy-
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robce Medipharm CZ, s. r. o., Hustope¢e u Brna) a jed-
nak s jeho bakterialni slozkou (M). Bakterialni slozku
tvofi vybrané kmeny mlécnych bakterii Lactobacillus
plantarum, Lactobacillus casei, Enterococcus faecium,
Pediococcus acidilactici v celkové koncentraci 10,18
log CFU.g_l sypkého preparitu. Energetickou slozku
(nosi¢) tvoii suSené instantni mléko a sachar6za, enzy-
movou slozku komplex celulazy a hemiceluldzy (25 000
nkat.ml™!) s glukézaoxidazou (4 000 nkat.ml™"). Aditi-
vum B bylo aplikovdno v divce 10 g bakteridlni
a 100 ml enzymatické slozky na | tunu pice, aditivum
M v davee 10 g na | tunu pice. Odmérené mnozstvi
uc¢inné latky na 1 tunu pice bylo u obou aditiv fedéno
v 400 ml vody. U kontroly (N) bez aditiva bylo k fe-
zance aplikovano shodné mnozstvi vody (400 ml na
| tunu pice) jako u variant s aditivy. Aplikace aditiv
i vody byla provedena na fezaCce sprejovym aplikito-
rem.

Rezanka byla p&chovana specidlnim pneumatickym
dusa¢em PS-01 (byl pouZit tlak 0,5 MPa) do specidl-
nich laboratornich sil v mnoZstvi cca S kg pice na jedno
silo. Sila obdobné konstrukce se pouZivaji na mnoha
védeckych pracovistich svéta (Makoni er al., 1997).
Naplnéno bylo celkem 48 laboratornich sil — varianty
z druhé sece v Sesti opakovanich, varianty ze tieti sece
ve Ctyfech opakovanich. Do stiedni &asti kazdého sila
bylo vlozeno Cidlo automatického zatizeni APO Elmos
H32 pro kontinudlni méfeni teplot (v pravidelnych in-
tervalech po Sesti hodinach). Laboratorni sila byla izo-
lovana Ctyfmi vrstvami izolacni tkaniny a uloZena v la-
boratofi VUZV Praha-Uhfinéves pfi stabilni teploté
25°C:

Odbéry vzorki, chemické analyzy a hodnoceni sild-
7i byly provadény podle CSN 46 7092. Laboratorni sila
byla otevirdna postupné od 2. srpna, tj. 23 dni po zasi-
ldZovani po dobu deviti mésict. Metody odbérii vzorki
pro mikrobiologické rozbory a vlastni metody mikro-
biologické testace jsou podrobné&ji popsiny v prici
autorti Cefovsky er al. (1997). Mikrobiologické testy
byly zhruba v dvoumésicnich intervalech provedeny
u kazdé varianty tfikrit. Cpavek byl stanoven podle
autort Blatny er al. (1997).

Aerobni stabilita byla hodnocena na zdklad¢ inter-
valového méfeni teplot (kazdych 6 hodin po dobu
7 dni) a podle narastu poctu mikroorganismi sedmy
den po otevieni sil (jedenkrit a pouze u tieti sece). Pro
stanoveni aerobni stability byly sildZe ihned po otevie-
ni sil nasypany do specialnich nadob o objemu | litr,
které pak byly ulozeny do polystyrenovych boxi. Do
kazdého vzorku siliZe v boxu bylo vnofeno teplotni
¢idlo napojené na automatické zafizeni APO Elmos
H32. V mistnosti s boxy byla udrzovina teplota 25 °C.
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VYSLEDKY A DISKUSE

Pramérné hodnoty analytickych rozbort sildZi jsou
souhrnn& uvedeny v tab. I aZ III, mikrobiologické roz-
bory na obr. | a 2.

Hodnoceni pribéhu fermentace

Teplota uvnitf silaZzované hmoty se u Zadné varianty
v priubéhu fermentace nezvysila nad 25 °C. Fermentace
probihala za idealnich podminek pfedev§im diky doko-
nalému uduséni sildiZované hmoty a anaerobnimu utés-
néni. Z vysledku je patrné, Ze vyssi teploty vznikaji
v praxi nedodrzenim zikladnich poZadavki na kvalitni
piipravu fezanky, jeji rychlé naskladnéni do sildZniho
prostoru, udusini a vzduchotésné uzavieni. Negativni
vlivy vy&§i teploty na kvalitu silaZované vojtésky sle-
dovali napf. Nelson a Bozich (1996). Upozoriiuji na to,
Ze ztraty Zivin doprovizené zvySenim teploty siliZova-
né hmoty mohou byt az prekvapiveé vysoké.

U v8ech silazi bylo pfi pravidelném odbéru vzorki
(po 14 dnech) moZné pozorovat postupné snizovéni ob-

sahu vldkniny, a to i v dobég, kdy by méla byt silaz
relativné stabilni (po Sesti tydnech). Mohlo by to byt
zpusobeno hydrolytickymi enzymy rozkladajicimi ce-
lul6zu a hemicelulézu na jednodussi slouceniny. U si-
lazi zralych (po 4 mésicich fermentace) byl oproti fer-
mentujicim (po 2 a 4 tydnech fermentace) vySSi obsah
jednotek NEL (MJ.kg"I susiny). U vSech silaZi se pH
velmi rychle sniZilo na potfebnou hodnotu (do dvou
tydni), ale pak se postupné zvySovalo. U vSech vojtés-
kovych silazi tedy dochazelo k druhotnym aerobnim
degradacim, nejvice u sildZe z druhé sece s vySsS§i susi-
nou.

Béhem doby fermentace a skladovani se pH, v za-
vislosti na Case a aditivu, u silazi z druhé sece s nizsi
suSinou neménilo, u sildZi z druhé sece s vyssi sufinou
se s pribyvajici dobou skladovani zvySovalo (zejména
u varianty s B, u varianty s M jen do 19. 8.). u silazi
ze treti seCe se neménilo v zavislosti na Case, bylo vSak
prokazatelné vy§si u varianty bez aditiva nez u varianty
s aditivy. Ze zjiSt€nych hodnot pH lze usuzovat, Ze ve
druhé seci byly vojtéskové silaze pfi obsahu susiny 30—
35 % stabilngj&i neZ pfi obsahu suSiny 55-59 %. Hod-

I. Ukazatele kvality siliZi vojtéSky ze druhé sece (zavadini 24 h) - Quality of alfalfa silages from the second cut (24-hour wilting)

S aditivem*
Ukazatel' Jednotky? Bez aditiva®
M B

Sugina® ekg! 3723 406.4" 356.5"
PDI gkg! susiny 79.0 81.6 79.8
NEL MJ.kg! susiny 5.1 5.08 5.1
pH 459 457 4.54
Kyselina mlééna® gkg! sudiny 73.2 73.0 699
Kyselina octova’ g kg sudiny 449 437 379
Kyselina maselna® gkg! susiny 0.21° 025" 028"
Proteolyza” % 13.9" i3 12.3"

Legenda k tab. | az 11l: B = s enzymaticko-mikrobidlnim aditivem. M = s mikrobiilni sloZkou aditiva B. NEL = netto energy of lactation.

PDI = protein digestible intake

Rozdily mezi hodnotami oznacenymi riznymi pismeny v fidku jsou vyznamné (P < 0.05)
Legend to Tabs. I-I1I: B = with enzyme-microbial additive, M = with microbial component of additive B. NEL = netto energy of lacration,

PDI = protein digestible intake

Differences in the values designated by various letters in the row are significant (P < 0.05)

. . S o uo Y oy 5 . . . . N . . 4 .
'pnrnmcler. 2units. *without additive, *with additive, *dry matter. ®lactic acid. Tacetic acid, *butyric acid. 'prolculys:s

II. Ukazatele kvality silaZi vojiésky ze druhé sece (zavadini 48 h) — Quality of alfalfa silages from the second cut (48-hour wilting)

Ukazatel' Jednotky? Bez aditiva® B astithvee
M B

Sugina® gkg! 583.5 578.0 587.3
PDI ekg ! susiny 77.4 778 76.7
NEL MJ.kg™! susiny 495 4.91 4,92
pH 4.63 455 471
Kyselina mléena® gkg! susiny 593" 66.3" 66.2"
Kyselina octova’ gkg! susiny 144 13.7 142
Kyselina maselna® gkg! suSiny 0.17 0.17 0.17
Proteolyza” % 1.9 11.8 1.6

For 1-9 see Tab. |
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II1. Ukazatele kvality sildZi vojtéiky ze tieti sece (zavadani 48 h) — Quality of alfalfa silages from the third cut (48-hour wilting)

S aditivem*
Ukazatel' Jednotky? Bez aditiva®
M B
Sugina® gkg! 306,6" 3482 340.7"
PDI g kg ! susiny 83.1 84.7 87.4
NEL MJ.kg™! susiny 5,04 5.08 5.04
pH 4,55 433" 435"
Kyselina mlééna® ekg! susiny 125.8 1359 135,6
Kyselina octov4’ gkg! susiny 588" 39.9" 38.8"
Kyselina maselna® gkg! susiny 0,33 0.29" 0.29"
Proteolyza’ % 13.1° 1.6" 10.5"
For 1-9 see Tab. I
- e B
| R
it T [ bezadiiva o - ¢ 1
bez aditiva
i probiotické adit. . D_
! D probiotické adit.
| prob.-enzym. adit.
2, - = B — s _prob.—enxym.adll.
5 g ST
F A=diruhé ses, g A=druhd sot,
nizdi susina i2$i sudi
B=druhd sed, a;gmmu:
VySli sulinn Wi susina
C=tieti sec, C=tfoti se,
i sulina nizdi sudina

varianta

1. Mikrobiologie siliZi vojtésky (plisné) — Microbiology of alfalfa
silages (moulds)

varianta

2. Mikrobiologie sildZi vojtésky (LAB) — Microbiology of alfalfa
silages (LAB)

For Figs. 1 and 2: bez aditiva = without additive; probiotické adit. = probiotic additive; prob.-enzym. adit. = probiotic-enzymatic additive;
A = druha se¢, niZsi suina = the second cut, lower dry matter; B = druhd se¢, vy33i suSina = the second cut. higher dry matter: C = tieti

sed, niZsi suina = the third cut, lower dry matter

noty pH se nezvysily nad kritickou hranici, ktera je 4,6
pro susinu 35 % a 5,0 pro suSinu 50 % a vyss§i (Jakobe
et al., 1987).

U silazi s vyS8im obsahem suSiny s aditivem B se
oproti silazim s niz§im obsahem suSiny zvysilo pH az
nad kritickou mez. Postupné zvySovéni pH pii vy$§im
obsahu suSiny lze vysvétlit intenzivnéj§im pasobenim
celulolytickych enzymi, které postupné vytvareji vhod-
né prostiedi pro rist nékterych mikroorganismi. Zvy-
Sovani pH u sildZi vojtésky z druhé sefe s vysSi susi-
nou bylo doprovazeno i zvySovanim obsahu kyseliny
octové.

Obdobné jako u hodnot pH, tak i u obsahu kyseliny
octové byly mezi kontrolnimi a pokusnymi vzorky zjis-
tény statisticky vyznamné (P < 0,05) rozdily ve pro-
spéch sildZi s aditivy. U obsahu kyseliny mlééné i mé-
selné nebyl vliv aditiva prokazatelny. Vliv komplexu
enzymu na LAB (lactic acid bacteria) prubéh pocatec-
nich fizi fermentace silaZi vojtésky sledovali také Ce-
fovsky er al. (1997) a Moravcova er al. (1997). Piida-
vek komplexu enzymu se projevil rychlejsim sniZenim
koncentrace kysliku, potlacenim rozvoje plisni v poca-
te¢ni fazi fermentace, zpomalenim produkce kyseliny
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mlééné a snizenim produkce kyseliny octové, avSak
i malym zvySenim produkce kyseliny maselné.

Prabéh a vyslednou kvalitu fermentace vojtésko-
vych sildZi ve vztahu k pouZiti biologickych aditiv po
mikrobialni strance podrobnéji zkoumali napi. Pahlow
a Honig (1989) nebo Merry et al. (1996), piicemz do-
spéli k podobnym zavérum.

Hodnoceni rozdilt mezi siliZzemi vojtésky s aditivy
a bez nich

Pri statistickém hodnoceni silazi bez ohledu na po-
fadi seCe a zplsob zavadani nebyly mezi siliZemi bez
aditiv a s nimi, ani mezi siliZemi s Bactozymem (B)
a s jeho bakteridlni slozkou (M) zjiStény prukazné roz-
dily (P > 0,05). Vliv enzymového komplexu vybraného
probioticko-enzymatického aditiva na krmnou hodnotu,
vysledek fermentace i na aerobni stabilitu neby! statis-
ticky prakazny (P > 0,05) ani u jedné ze tii technolo-
gickych variant silaZovani.

Podle nékterych ukazatela (pH, obsah organickych
kyselin, stupeii proteolyzy) kvality fermentace viak by-
ly sildZe s aditivy hodnoceny (P < 0,05) lépe neZ silaze
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bez nich. U sildZi vojtéiky z druhé sece, jejiz zavadani
trvalo za slunného pocasi 24 hodin a u niZ bylo pii
sildZovéani uZito aditiva B, vzniklo vyznamné vice ky-
seliny maselné, ale stupeii proteolyzy byl vyznamné
niz§i nez u kontroly bez aditiv. Pfi porovnani sildZi se
slozkou B se silaZzemi se sloZzkou M nebyl rozdil u téch-
to ukazateld statisticky prukazny (P > 0.05). U silazi
vojtésky ze druhé sece, jejiz zavadani trvalo za slunné-
ho pocasi zhruba 48 hodin a pfi silazovani byla pouzita
aditiva, vzniklo vyznamné vice kyseliny mlééné nez
u kontroly bez aditiv. U silaZi vojtésky ze tieti seCe,
jejiz zavadani trvalo za oblaéného pocasi zhruba 48
hodin a pii silazovani byla pouZita aditiva, vzniklo vy-
znamné vice kyseliny octové i maselné, bylo nizsi pH
a stupen proteolyzy byl hodnocen jako statisticky pri-
kazné (P < 0.05) lepsi neZ u sildZi bez aditiv. Pfiznivy
vliv aditiv byl v naSich pokusech vyssi u silazi s obsa-
hem suSiny 35-39 % neZ u sildZi s obsahem suSiny 58—
59 % a u silaZi ze tfeti seCe byl vySSi nez u silazi ze
seCe druhé.

Podle mikrobidlnich rozbori nebyly mezi silaizemi
bez aditiv a s aditivy zji§tény statisticky prikazné roz-
dily (P > 0,05) u Zadné ze tfi technologickych variant.
U silazi s aditivy byl oproti silazim bez aditiv pozoro-
van vy&§i narast acrobnich a fakultativné aerobnich me-
zofilnich bakterii (AFAMB — aerobic and facultative
anacrobic mesofilic bacteria) i bakterii mlééného kva-
Seni (LAB). Silaze s B mély méné& sporotvornych me-
zofilnich bakterii a plisni nez silaze s aditivem M.

Nase vysledky jsou srovnatelné s hodnotami, které
uvadéji Ataku er al. (1987), Stokes, Torrey (1990), Jo-
nes et al. (1992), Marshall et al. (1993) a Sheperd et
al. (1995).

Hodnoceni rozdili mezi siliZemi vojtésky s primérnym
obsahem sufiny niZ$im a vy$$im neZ doporucenym

Pfi silaZovdni bilkovinnych a polobilkovinnych pic-
nin vétSinou plati, ze kvalitu silazi zlepSuje zavadnuti
pice. Keller, Neitz (1985), Jakobe et al. (1987), Jaster,
Moore (1990). McDonald er al. (1991), Jones et al.
(1992) a Keller et al. (1994) povazuji z hlediska sila-
Zovani za optimalni, kdyZ je vojtéska zavadla na obsah
suSiny mezi 40 a 50 %. Této sufiny by se zavadnutim
na pokose mélo dosdhnout do 48 hodin. Mnoho autora
uvidi, Ze obsah suiny a zptsob jeho dosaZeni byva pfi
silazovani vojtésky pro prabéh fermentacniho procesu
rozhodujicim faktorem. V naSich pokusech byl u voj-
t¢8ky z druhé sece obsah ptivodni suSiny po 24 hodi-
nach zavadani cca 35 %, po 48 hodinach cca 55 %.
U tieti sece trvalo zavadani na pokose déle, na suSinu
cca 35 % zavadl porost zhruba po 48 hodinach. Zava-
déni za slunného pocasi probihalo tak rychle, Ze obsah
susiny ovlivnilo postupné sklizeni pokusnych pozem-
ki, rozdily mezi kontrolni variantou bez aditiva a po-
kusnymi variantami s aditivy vSak nebyly statisticky
prikazné (P > 0,05).
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U silazi vojtésky sklizené po kratSim zavadani byla
ve srovnani se silazemi vojtésky sklizené po delSim
zavadani zjiSt€na vysSi koncentrace kyseliny octové
a vyS§i stupen proteolyzy. U silazi vojtésky (druha sec,
doba zavadani 20 hodin) s Bactozymem vzniklo statis-
ticky vyznamné (P < 0,05) vice kyseliny maselné. stu-
peii proteolyzy byl ale vyznamné niZ§i nez u kontroly
bez aditiva. U silazi vojtésky (drubha sec. zavadani
48 hodin) s aditivy vzniklo vyznamné vice kyseliny
mlééné nez u kontroly bez aditiva. U silazi vojtésky
(tfeti se¢, zavaddni 48 hodin) s aditivy vzniklo vyznam-
né vice kyseliny mlééné nez u kontroly bez aditiva.
U sildzi z druhé sece pii krat$im zavadani byl ve srov-
nani s ostatnimi variantami silazi pozorovan ponékud
vys&i obsah sporotvornych bakterii a plisni, doprovaze-
ny niz§im obsahem AFAMB a LAB.

Nase vysledky jsou srovnatelné s tdaji, které uvade-
ji napf. Stokes, Dhar (1991), Jones ef al. (1992) a Pitt,
Muck (1995).

Hodnoceni rozdilt mezi siliZzemi vojtésky z druhé
a tieti sele

SildZe vojtésky ze tieti seCe mély ve srovnini se
silazemi z druhé sece statisticky vyznamné niZsi (P <
0,05) koncentraci vlakniny a vyS8i koncentraci PDI.
U silazi vojtésky ze tieti sece byly podle ukazateli kva-
lity fermentace (pH, obsah kyseliny mlé¢né, stupeii
proteolyzy) dosazeny lepsi vysledky nez ze sece druhé.
Podle mikrobidlnich rozbord byl u sildzi ze tieti sece,
oproti ostatnim variantam, pozorovian nizZ§i obsah
AFAMB a LAB. Kontrolni siliZe bez aditiv mély niZsi
obsah suSiny a vyS&i koncentraci vlakniny nez silaze
pokusné s aditivy, zdroveii vSak byly kontrolni sildZe
bez aditiv ve srovnani se silazemi s aditivy podle témér
viech ukazatell kvality fermentace hodnoceny jako
hor$i. Otazkou je, zda mélo v tomto piipadé na kvalitu
fermentace vEt§i vliv pouziti aditiv, nebo obsah suSiny.

Jones et al. (1992) se domnivaji, Ze vysledek fer-
mentace mnohem vice zilezi na klimatickych a techno-
logickych podminkdch neZ na obsahu Zivin a energie
v pici z riznych se¢i. Na podzim byvaji klimatické
podminky pro zavadani méné piiznivé, proto se vojtés-
kové sildze zc tietich a dalSich seci Casto nezdafi. Lepsi
vysledky ze tieti sece vysvétluji Jones et al. (1992)
prokazatelné vy38§im obsahem cukri v silaiZované pici.
U vojtésky ze tieti seCe sice zjistili také vySsi obsah
dusikatych litek a vy&§i tlumivou kapacitu neZ v seci
druhé, tento vliv viak pravdépodobné nebyl tak vy-
znamny jako obsah cukri, ktery je ve vojiésce témér
vzdy nedostateény. Také Marshall et al. (1993) uvadéji,
ze s kazdou dalsi se¢i byva ve vojlesce priznivéjsi po-
mér mezi lehee vyuZitelnymi cukry a dusikatymi litka-
mi, tzn. Ze je lépe silazovatelna. Marshall er al. (1993)
prokazali vliv biologického aditiva na snizeni proteo-
lyzy a pH u silazi vojtesky ze tieti sece. nikoli viak

u silaZi ze seCe druhé.
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Aerobni stabilita testovanych silaZi vojtésky

Aerobni stabilita byla zjiStovana jen u silazi vojtés-
ky ze tieti seCe, pfi¢emZ nejlépe byla hodnocena u si-
1aZi konzervovanych aditivem M. Nejméné stabilni by-
ly sildZe z druhé seCe pfi suSiné niZ§i nez optimdlni.
Z divodu nizkého poétu stanoveni nebyla aerobni sta-
bilita statisticky hodnocena. Celkové lze viechny tes-
tované vojtéskové silaze v naSich pokusech hodnotit
jako velmi stabilni, pouze u AFAMB byly zjistény vys-
§i nartsty jejich podtu u sildZi s B a M, za dobu 7 dnti
se viak jejich pocet zvysil z 3,9 na 4,7 log CFU.g'l.
Obdobné zéavéry ucinili i O'Kiely et al. (1986).
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ABSORPCE VODY PRI DVOU ZPUSOBECH CHLAZENI
JATECNE OPRACOVANYCH KURAT"

WATER ABSORPTION AT TWO PROCESSES OF BROILER CHILLING
J. Simeonovové', I. Ingr', D. Jelinkova', R. Bozek?, O. Mika’

' Mendel Agricultural and Forestry University, Institute of Food Technology, Brno, Czech
Republic
2PROMPT Moravian-Silesian Poultry Processing Plants, a.s., Modrice

ABSTRACT: Three processes of dressed poultry chilling are used at present: chilling by immersion in water bath. chilling
in air combined with spraying with chilled water, and chilling in air. Water absorption was checked in a poultry processing
plant pursuant to Council Regulation (EEC) 1906/90, Appendix VII. The situation of chilling in water and chilling in air
combined with spraying was examined in a poultry processing plant. The evaluation concerned chilling in air combined with
spraying; and chilling by immersion within a day, repeated twice within a four-hour period consecutively after each other
during a shift, as described in Appendix VII of Commission Regulation (EEC) 1538/91. Another check observation was made
in chilling in air combined with spraying in a different shift when the processing line was operated at a lower speed. Data
statistical processing was used. and differences in the line speed at chilling in air and by spraying were evaluated by r-test.
The average value.of absorbed water content was 0.7% in the process of chilling in air combined with water spraying at
a faster line operation (95 broilers per minute); it complies with the required limit value ol maximally 2%:; repeated mea-
surements within a shift indicated the average value 1.19% of absorbed water, which is also within the limit values (Tab. .
evaluations I.A and [.B). As expected, the average value of absorbed water content was the highest of all three evaluations
of this chilling process at a slower line operation (75 broilers per minute): 1.73% of absorbed water, but still complying with
the EU limit value (Tab. I, evaluation 1.C). As the absorbed water percentage was statistically highly significantly higher
(P £ 0.01) in the process of slower chilling than in the faster line operation, in addition no loss of dressed carcass (DC)
weight due to drying or dripping was observed, the former process is more advantageous for the processor taking into account
a lower loss of DC weight and compliance with EU requirements. The average value of absorbed water content at chilling
by immersion was 3.26% of absorbed water, also complying with the EU limit (4.5%). Repeated measurements in the course
of one shift in this chilling process indicated the average value of absorbed water content 2.12% only (Tab. I1). Water chilling
is used for hygienic reasons in deep-frozen poultry only in the EU. The average limit values of absorbed water content were
not exceeded in any of the evaluated chilling processes.

Keywords: broilers; chilling by immersion in water; chilling in air combined with spraying: speed of line operation; water
absorption

ABSTRAKT: Srovndvali jsme chlazeni jateCné opracovanych tél kufat ve vodni lizni (ponofenim) a vzduchem s postiikem
vodou (v tomto piipadé pii pomalej§im a rychlej§im chodu linky). Byla pouZita metodika shodnd s poZadavky EU (viz
nasledujici predpisy). Vysledky byly srovniviny s poZadavky uvedenymi v Nafizeni Rady EEC & 1906/90, piiloze VII,
véetné Cetnosti provadéni kontrol uvedené v Nafizeni komise EEC &. 1538/91. Primérnd hodnota absorbované vody v pripadé
chlazeni vzduchem s postiikem vodou byla u rychlej§iho chodu linky (95 kust za minutu) 0,7 %, coZ spliuje predepsany
limit maximdlné 2 %, opakované méfeni v ramci jedné smény ukdzalo primérnou hodnotu 1,19 % zadrZené vody. coZ je
rovnéZ v limitu. Pfi pomalej§im chodu linky (75 kusii za minutu) byla primérnd hodnota absorbované vody podle ocekdvini
nejvyssi ze tii hodnoceni tohoto zplisobu chlazeni, a to 1,73 % absorbované vody, coz viak stile jeSté splituje limit EU.
Vzhledem ke skute¢nosti, Ze procento zadrzené vody bylo v pripadé pomalejsiho chlazeni statisticky vysoce prikazné vyssi
(P £ 0.01) nez u rychlej$iho chodu linky, navic bez ztrdt_hmotnosti JOT A(jmcéné opracovaného té€la) vysychinim nebo
odkapem, je tedy vyhodngj¥i z hlediska niZfich ztrat hmotnosti JOT pro zpracovatele a soucasné spliiuje poZadavky EU.
Primérnd hodnota absorbované vody pii chlazeni vodou ponofenim &inila 3,26 % absorbované vody. a spliiuje tak rovnéz
limit EU (4.5 %). Opakované méfeni v rimci jedné smé&ny u tohoto zpiisobu chlazeni ukdzalo, primérnou hodnotu Oi):ﬁilhll
zadrZené vody pouze 2,12 %. Z hygienickych divodi je chlazeni vodou v EU pouZivino pouze pro hluboce zmrazenou
driibez. V praméru nebylo pfekroceno limitni mnoZstvi absorbované vody u Zidného z hodnocenych zpusob chlazeni.

Kli¢ovi slova: jate¢nd kufata; chlazeni vodou: chlazeni vzduchem s postiikem: rychlost linky: absorpce vody
* Vysledku bylo dosaZeno fefenim projektu EPO960996197 - Standardizace technologické jakosti kufeciho masa. financovaného NAZV MZe CR.
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Spotfeba dribeZiho masa ma ve svété i v Evropé
stale stoupajici trend, pfi¢emz hlavni Cast konzumace
tvofi maso kufat. Zvlastni vyznam pro hygienu potra-
vin ma to, Ze spotiebitelé stale ve vét§i mife davaji
prednost masu chlazenému — tedy Cerstvému, pred ma-
sem zmrazenym. S tim souvisi zvySené poZadavky na
minimalizaci moZnosti kiiZové kontaminace drabezich
t&l b&hem vysoce mechanizovaného technologického
zpracovani a vybér optimélniho zptsobu chlazeni (pro
prodej chlazenych kufat nelze pouZit chlazeni ponofe-
nim do vodni 14zn&). Posuzuje se nejen stupefi, resp.
teplota vychlazeni, ale i podil vody absorbované v ja-
teéném téle. V systému HACCP pro dribezarské zavo-
dy figuruje chlazeni jako jediny CCP I, protoZe zabra-
fiuje vyznamnému rustu mikroorganismi béhem
zpracovani (Mead, 1996). Cerstvé, chlazené dribeZi
maso ma mit teplotu -2 az +4 °C.

V soucasné dobé se uplatiiuji tii zpisoby chlazeni
jate&n& opracované drubeze: chlazeni ve vodni lazni,
chlazeni vzduchem kombinované s postfikem vychla-
zenou vodou a chlazeni vzduchem.

Chlazeni ponofenim do vodni 1azné (jejiZ nizka tep-
lota se udrzuje pfidavkem ledové (fi§té) umoZiuje sice
rychlé a zasadni ochlazeni, odstrani i viditeIné necisto-
ty, ma ale vyraznou nevyhodu moZné kiiZové kontami-
nace a pfijmu cizi, mikroorganismy kontaminované vo-
dy. Navic se pfi tomto systému chlazeni intenzivné
protiproudové manipuluje s jateCnymi tély, ¢imz jesté
siln&ji dochdzi k prostoupeni vody feznymi ranami,
a tudiz k pronikunuti mikroorganismi nejen na povrch,
ale i do svaloviny. V EU je tento postup chlazeni pii-
pustny pro brojlery, ktefi se prodavaji v hluboce zmra-
zeném stavu. Povoleny pfijem cizi vody je max. 4,5 %
(Naftizeni Rady EEC ¢. 1906/90, piiloha VII).

Stale vice se prosazuje chlazeni vzduchem, kom-
binované s ostfikovanim. Pfi tomto zpasobu chlazeni
je prijem cizi vody omezen (Nafizeni Rady EEC
¢. 1906/90, priloha VII) hodnotou max. 2 %. Vyhoda
tohoto zplsobu spociva hlavné v tom, Ze do svalstva
nepronikaji mikroorganismy, i kdyZ individudlné mtZe
dojit ke kfizové kontaminaci povrchu vodou rozstiika-
vanou z jinych kusu, z prostiedi nebo stropu (Fehlha-
ber, 1996). Teplota vzduchu je praimérné +2 °C a jatec-
né élo je ostiikdavino predchlazenou pitnou vodou.
Vyhodou oproti chlazeni vzduchem je zachovani nevy-
schlého povrchu dribeZe, nebot vzduch je nasycen vod-
nim aerosolem. Doba chlazeni je primérné 60 minut.

Jediny postup, pii kterém nehrozi kiiZzovd kontami-
nace jateCnych tél, je chlazeni vzduchem, pfi niz je
absorpce cizi vody piedepsdna predpisy EU (Nafizeni
Rady EEC ¢. 1906/90 piiloha VII) hodnotou 0,1 %.
JateCna (€la tedy teoreticky Zadnou cizi vodu nepfiji-
maji, naopak lze predpokladat castecné vysuSeni jejich
povrchu.
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MATERIAL A METODY

Zpusob zjisténi ztraty vody po rozmrazeni (test od-
kapavani), stanoveni celkového obsahu vody v kufa-
tech (chemicky test) a kontrola absorpce vody ve vy-
robnim podniku je popsdna podrobné v Nafizeni Rady
EEC (€. 1906/90, piiloha V, VI a VII) a Cetnost provi-
déni kontrol v Nafizeni komise EEC (¢. 1538/91).

V nasi praci jsme pouZili zpusob kontroly absorpce
vody ve vyrobnim podniku podle Nafizeni Rady EEC
(¢. 1906/90, piiloha VII), jelikoZ tuto kontrolu lze
z hlediska perspektivy povaZovat za aktudlni a nejbéz-
néjsi i pro nase zpracovatelské podniky.

Zjistovali jsme situaci u vodniho chlazeni a chlazeni
vzduchem s ostfikovanim v podminkdch vyrobniho
podniku. U tfetiho zpasobu — chlazeni vzduchem. se
nepiedpokldda absorpce cizi vody, proto jsme kontrolu
povazovali za bezpfedmétnou.

Nihodné jsme vybrali 25 jate¢né opracovanych tél
z kuchaci linky ihned po vyvrhnuti a kompletnim vy-
jmuti drobt pred prvnim mytim. Kazdé jatecné télo
bylo oznaceno a zvazeno zvlast. Poté byla kurata zave-
§ena a béZné opracovina. Po chlazeni b&Znym zpiso-
bem byla opét individudlné zviZena. Vypocet absorpce
vody byl vyhodnocen individudlné podle vztahu:

niy =
=——.100 (%)
nmy
kde: A - absorpee vody v %
my = hmotnost JOT po chlazeni
my  — hmotnost JOT pred chlazenim
JOT - jatecné opracované télo

Vysledek nemd prekracovat tyto udaje vyjadiené
v procentech z pavodni hmotnosti jate¢né opracované-
ho téla: chlazeni vodou ponofenim — 4.5 %. chlazeni
vzduchem s ostfikovinim - 2,0 %.

Vyhodnocovani bylo provadéno u chlazeni vzdu-
chem s ostfikovinim i u chlazeni ponofenim do vody
v jednom dni opakované dvakrit ve ¢tyrhodinové pe-
riodé za sebou béhem smény tak, jak je predepsano
v piiloze VII Nafizeni komise EEC ¢. 1538/91. U chla-
zeni vzduchem s ostfikovanim bylo provedeno jesté
jednou kontrolni sledovani v jiné sméné a pii nizsi
rychlosti linky. Vysledky byly statisticky vyhodnoceny
a rozdily v rychlosti linky u chlazeni vzduchem s os-
tiikovanim byly vyhodnoceny r-testem.

Hodnoceni I.A a LB (vzduch s ostiikovanim béhem
stejné smény): rychlost linky 95 kust za minutu, doba
setrvani v tunelu 60 minut,

Hodnoceni 1.C (vzduch s ostiikovianim — sniZend
rychlost linky): rychlost linky 75 kust za minutu, doba
setrvani v tunela 80 minut.

Teplota vychlazené drubeze kolisala v rozmezi
+4 az +6 °C u hodnoceni LA, LB i I.C.

Hodnoceni II.A a II.B (ponofenim do vody — béhem
stejné smény): poditecni teplota vychlazenych kusi
+12 °C, kone¢nd teplota +4 °C, doba chlazeni 15 aZ
20 minut.
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VYSLEDKY A DISKUSE
Analyza chlazeni vzduchem s postfikem (tab. I)

Pramérné hodnoty absorbované vody u uvedeného
zptsobu chlazeni byly podle ofekédvani nejvyssi u po-
malej$iho chodu linky (méfeni 1.C oproti LA a L.B).
Individudlni limitni hodnoty byly pfekroceny u chlaze-

1. Hodnoty absorpee vody pfi chlazeni vzduchem s postiikem (% hmot-
nosti; limit EU 2 %) — The values of water absorption at chilling in air
combined with spraying (% of weight; EU limit 2%)

Mitan! LA I.B 1.C
(%) (%) (%)
| 0.00 1,75 248
2 0.00 1.70 1.93
3 0.55 1,01 0.87
4 1.22 2,59 1.32
5 0,07 0,37 3,00
6 0.54 0,37 2,61
7 293 4,05 1,19
8 1.80 2,14 | neidentifikovino®
9 1,80 -0,08 1.31
10 1.43 1.35 1,17
I -1.87 2,24 1,01
12 -0,62 -0,30 0,71
13 0.75 312 1.62
14 =225 0.63 0,56
15 1.47 2.30 3.48
16 0,40 0.38 1.36
17 2.67 1.12 1,34
18 1.91 279 1.45
19 0.50 -1.07 252
20 -1L17 0.83 397
21 1.65 0.38 0.59
22 1.72 1.48 259
23 1.3 0,53 2,17
24 0.79 1.05 1.21
25 0,98 -0,99 1.06
x 0.70 1,19 1,73
55 1,28 1.25 0,92
Ve (%) 1824 | 105.26 5342
i 225 | -107 0.56
Ko 293 | 405 3.97
Pramérnd hmotnost
JOT | kusu 1 186 1113 1117
(pfed chlazenim)? (g)

LA, LB - rychlost linky 95 kusti za minutu - line operation speed
95 broilers per minute
I.C — rychlost linky 75 kusi za minutu — line operation speed
75 broilers per minute

' measurement, 2:m:mgc weight of DC of a broiler (before chilling).
*non-identified

CZECH J. ANIM. SCI.. 44. 1999: 93-96

ni vzduchem s postiikem u LA ve dvou piipadech
z 25 hodnocenych, tj. 8 % z hodnocenych s maximalni
hodnotou 2,93 % vody. Primérna hodnota absorbované
vody byla u LA 0,7 %, coz spliiuje predepsany limit
EEC, varia¢ni koeficient byl 182,4 %. V péti piipadech
byla zjisténa ztrita z pivodni hmotnosti a ve dvou pfi-
padech byl nulovy rozdil hmotnosti pred chlazenim
a po ném.

Ztrata chlazenim (minusové hodnoty) je z ekono-
mickych davoda pochopitelné zajimava pro zpracova-
tele. Ztrata v8ak predstavovala pouze 83 g z plvodni
hmotnosti viech 25 hodnocenych kufat pied chlazenim,
coz je pouze 0,28 % z pivodni hmotnosti pred chlaze-
nim (my), zatimco pfirdstek hmotnosti po chlazeni
predstavoval 270 g z puvodni hmotnosti pred chlaze-
nim. coZ ¢ini 0.9 % z puvodni hmotnosti vSech 25 ku-
fat (m;). U hodnoceni I.B byl individudlni limit piekro-
¢en sedmkrat z hodnocenych 25 kusi, tj. ve 28 %
pfipadiil z hodnocenych, s maximalni hodnotou pomér-
né vysokou — 4,04 % vody. Pramérnd hodnota 1,19 %
zadrzené vody vSak byla v limitu. Varia¢ni kocficient
mél hodnotu 105,26 %. Ve ctyiech piipadech byla zjis-
téna ztrata pavodni hmotnosti, kterd predstavovala 28 g
a cca 0,1 % z celkové hmotnosti v8ech 25 kurat pied
chlazenim (my). Prirastek hmotnosti po chlazeni pred-
stavoval 360 g a cca 1,27 % z hmotnosti vSech 25 ku-
rat pred chlazenim (m).

U hodnoceni I.C, s pomalej§im prab¢hem chlazeni,
byl individualni limit prekrocen osmkrat z 24 pripada
(33 % z hodnocenych), s maximdlni hodnotou 3,97 %
absorbované vody. Primérna hodnota. prestoZe byla
nejvyssi ze tif hodnoceni tohoto zplusobu chlazeni, a to
1,73 % absorbované vody, stale je§té spliuje limit
EEC. Variacni koeficient mél hodnotu 53,42 %. Neby-
ly zde vSak zjiStény zadné individualni minusové hod-
noty, tj. ztrity vysychanim nebo odkapdnim, na rozdil
od predchazejicich méfeni LA a L.B.

Prirtstek hmotnosti po chlazeni pfedstavuje v tomto
pripadé 500 g, coz Cini vyse uvedenych 1,73 % z pa-
vodni hmotnosti viech kufat pied chlazenim (m)).

Vzhledem ke skutecnosti, Ze procento zadrzené vo-
dy bylo v piipadé pomalejiiho chlazeni statisticky vy-
soce prukazné vyssi (P < 0,01) nez u rychlejSiho chodu
linky, navic bez vysychani JOT (jate¢né opracovaného
t€la), je tedy tento zptsob vyhodnéjsi z hlediska niz-
Sich ztrat hmotnosti JOT pro zpracovatele a souCasné
spliiuje piedepsané pozadavky.

Analyza chlazeni vodou (tab. II)

Individudlni hodnoty pickrocily limit absorbované
vody v prvnim hodnoceni ILLA v osmi’ pfipadech, coz
piedstavuje 32 % z hodnocenych 25 kust, s maximalni
hodnotou 6,25 % vody. Pramérna hodnota tohoto sle-
dovani byla 3,26 % absorbované vody, a spliuje tak
limit EEC. Variaéni koeficient mél hodnotu 52,42 %.
Se ztratou hmotnosti pfi tomto zpisobu chlazeni se ne-
pocitd, pravé naopak. V nafem piipadé sniZeni hmot-
nosti po chlazeni u jednoho z celkového poctu hodno-
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I1. Hodnoty absorpee vody pfi chlazeni vodou ponofenim (% hmot-
nosti; limit EU 4.5 %) — The values of water absorption at chilling
by immersion in water (% of weight; EU limit 4.5%)

hodnota obsahu zadrZené vody ¢inila piekvapivé pouze
2,12 %, takZe se téméf priblizuje poZadavku, ktery je
piedepsan pro chlazeni vzduchem s postiikem (2 %),
coZ je pozitivni zji§téni. Variacni koeficient v tomto
piipadé byl 69,34 %. Pro¢ vznikd zna¢ny rozdil pri-
meérnych hodnot absorbované vody mezi prvnim a dru-
hym chlazenim béhem stejné smény (ILA a IL.B), se
ndm nepodafilo vysvétlit. Jediny nami zjidtény rozdil,
a to podstatny, byl ve vysSi pramérné hmotnosti JOT
u kufat IL.LB oproti ILA (tab. II). Zda a do jaké miry
viak souvisi vy§§i hmotnost JOT s niZ§im mnoZstvim
zadrZené vody, by bylo nutné prokazat dalSim hodno-
cenim. Z uvedenych vysledku je zfejmé, Ze druhé hod-
noceni béhem stejné smény dopadlo celkové pfiznivéji,
tj. byl zaznamenén niZsi primérny i individudlni podil
vody zadrzené v JOT, coZ je pozitivni jak z hygie-
nickych diivod, tak pro spotiebitele. Cisté ekonomic-
Ky vzato by vSak pro zpracovatele bylo vyhodné&jsi prv-
ni hodnoceni (IL.A), které splni pramérny pozadavek
absorbované vody a soucasné je vy38i kone¢nd hmot-

V pruméru nebylo piekroceno limitni mnoZzstvi ab-
sorbované vody u Zadného z obou hodnocenych zpilso-
bu chlazeni, tj. podle Nafizeni Rady EEC ¢. 1906/90,
priloha VII, i pfi Cetnosti provadéni kontrol podle Na-
fizeni komise EEC &. 1538/91. Je moZné konstatovat,
Ze byly zjistény vyhovujici hodnoty vody absorbované
v kufatech z nami hodnocenych provozi, coz je pod-

Nase prace by méla piispét k informovanosti vyrob-
cli jatedné driibeZe v CR i orientaci kontrolnich organi
z hlediska rozsahu obsahu absorbované vody v jatecné
opracovanych télech po chlazeni podle skutecné situace
v naSich vyrobnich zavodech jeSté pred sjednocenim
legislativnich pozadavki CR a EU v této oblasti.
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Meéteni! LA LB
(%) (%)
1 1.82 2,46
2 3,62 1,18
3 335 2,49
4 2,96 1.78
s 1,63 0.87
6 6,25 2,88
7 4,78 -0,26
8 4,54 1.44
9 1,41 3,20
10 425 2,22
1 3,52 3.00
12 5.28 3.65
13 382 4.20
14 3,60 -0.30 nost JOT.
15 391 3.43
16 5.28 031
17 2,78 0,30
18 4,51 1.29
19 1.35 3,59
20 227 2,93
21 3.23 5.21 statné.
22 4,14 297
23 3.08 -0,14
24 237 2,59
25 -2,28 1.61
x 326 2.12
5 1.71 1.47
v, (%) 52,42 69,34
Amin -2,28 -0,30
Fmax 6,25 5.21
i s i | 11| 1o
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