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Premise of the study was to validate the growth promoting effect of
protease on the performance and to explore its digestion enhancer effect in
broiler chicks. For this purpose 4 commercial diets were divided into two types
(low and high density) and were enriched with protease using a completely
randomized design with 4 replicates per diet having 10 chicks each having
totaled 200 poultry broiler chickens (day-old). Until 14 days, no effects were
observed on chicks however at day 14; little variations were observed on
weight gain, feed intake and FCR (feed conversion ratio) among the enzyme
enriched diets. At day 28, prominent response of protease supplementation in
low protein was procured. The chicks gained 10.06 and 8.0 % more weight
on CFP1 than CFG1 and CFQG2, respectively. Similar response in FCR was
observed and was found to be 0.20 and 0.15 points better on CFP1 than on
CFG1 and CFG2, respectively. However, CFP2 failed to show protease efficacy
declining the weight gain by 23.01 % while the FCR by 0.49 points as compared
with CFP1. This suggested that the nature of feed ingredients in the diets is
important for obtaining maximum benefit of protease supplementation. The
overall performance indicated significant response to enzyme supplemented
diets. Among the low protein diets CP digestibility remained unchanged
but they were different in sparing AME (apparent metabolizable energy) for
chicks. The CFP2 spared 98.21 kcal/Kg more AME than CFP1. However, this
increased AME values did not help to boost the performance and was attributed
to the widening ratio between CP and AME. These results demonstrated that the
overall growth response of chicks was improved on low protein diet enriched
with protease. It showed higher CP digestibility and AME values than good
quality diets. However, the inconsistent results observed within the two types
of diets revealed that the nature of diets might have influenced the efficacy of
protease.

Key words: Broilers, digestibility, protease, FCR, Feed intake.

Introduction. In the feed industry the major
improvements in terms of increased birds perfor-
mance, enhanced nutritional value of ingredients
and minimize feed cost is achieved by the supple-
mentation of the exogenous enzymes. Enzymes
mostly used in the poultry feed industry are phy-
tases, proteases and amylases[14, 18]. Several re-

searches have been conducted on the efficacy of
addition of enzymes to the broiler chickens feed
that shown better utilization of nutrients resulted
in improved performance of body growth [2, 21].
Exogenous enzymes supplementation in broiler
diets has gained popularity due to better nutrients
utilization in low protein fed diets [5, 19].
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The enzymes are produced by the poultry
birds itself inside the body for the degradation of
different feed particles but are not sufficient espe-
cially in the earlier age to support the optimum di-
gestion of available substrate in the digestive tract.
This necessitates the supplementation of enzymes
to improve bird’s performance. Protease has im-
proved the consumption of feed nutrients and
degrades anti-nutrients of broiler diets [10, 17].
Recently Bacillus licheniformis origin Protease is
gaining popularity in low protein broiler diets due
to its ability to convert large protein molecules for
improved utilization of nutrients and amino acids
in the gut [3].

In other experiments [12, 24, 25] performed
a study to analyze the effect of supplementation
of proteases and amylases on the degradation of
nutrients and its effect on 1% fifteen days of poultry
body growth. The supplementation of exogenous
enzymes doesn’t show any improvement in the
FCR and body weight gain of broilers. They also
evaluate the effect of exogenous addition of the
protease into broiler grower diet on growth param-
eters (body weight and feed conversion ratio) and
carcass characteristic (carcass weight and yield).
The trial revealed no impact on broiler growth
when enzymes were added to low protein feed and
also on carcass weight.

Barekatainet et al.[4] demonstrated an ex-
perimental trial to analyse the nutritive values of
the feed which contain sorghum distileer dried
grains when added with protease and xylanase en-
zymes,this study were conducted on poultry broil-
ers birds. After the study of 21 days it was found
that the addition of protease enzyme increased
consumption of feed and body weight gain of
broilers by (p<0.001).

Protease in the form of Poultry Grow-250 has
been claimed to ameliorate the digestion of CP. It
is hypothesized that the dietary Poultry Grow-250
will enhance the protein digestion of low CP diets
by assisting the digestive enzymatic activities and
will compensate the growth to that having high CP
levels. It is also expected to assist the system in
partial degrading of anti-nutrients that may ham-
per the biological activities. The purpose of study
is to investigate the growth promoting effects of
protease (Poultry Grow-250) supplementation on
the broiler chick’s performance and protease sup-
plementation as a digestion enhancer in broiler
chicks.

Materials and Methods. This study was con-
ducted to investigate the effect of protease supple-
mentation on the performance and nutrients uti-
lization in broiler chicks. The experimental trial
was carried out at the Directorate of Livestock,
Research and Development under the supervision
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of Animal nutrition department, The University of
Agriculture, Peshawar (UAP) Pakistan.

Rearing and management practices. A total
of 200 poultry broiler chickens (day-old) of K&N
Company was procured from the local market, Pe-
shawar. All chicks were brooded in an electrically
heated battery brooder for a period of 5 days and
were fed ad libitum commercial available starter
diet, with free access to water. The experimental
trial was last for 28 days and the chicks were given
diet from day 7 (1-st day of trial) to 28 days of tri-
al. Routine schedule of vaccination was practiced
during the trial.

Experimental design and feeding practices.
The poultry chickens were brooded on the com-
mercial starter diets during the first 5 days. Af-
ter brooding (at day-5), all chicks were weighed
individually and a total of 120 chicks of similar
weight and size were randomly distributed among
4 treatment groups having each 3 replicates of 10
chicks per each replicate. The protease (Poultry
Grow-250) was supplemented in these diets 250
g per ton of feed (company recommended dose).
The amount of protease was mixed in the ration
manually. The treatment group in the experiment
were 4 diets consist of 2 poor feeds (PF-1, PF-2)
and 2 good feeds (GF-1 and GF-2).The selected
chicks was preconditioned on the experimental di-
ets (ad libitum) for 2 days (during 5 to 7 days) of
age. Total duration of the experimental trial was
from1 to 35 days of trial. Trial period was from
day 7 to day 35.

Measuring parameters and data collection.
At day 7, the initial average body weight of chicks
was recorded. During the experiment, weekly av-
erage body weight and feed intake (F1) on day 7,
14, 21 and 28 was recorded. The weekly average
body weight gain (BWG) was calculated by sub-
tracting the initial BW at the start of week from
the BW recorded at the end of each week. The
feed intake in each week were calculated from the
quantity of feed offered minus the feed refused
while (FCR) was calculated as a unit weight gain
on a unit feed intake.

At day 28 of the experiment, average body
weight and leftover feed at each replicate was
weighed. For the determination of nutrient uti-
lization, total feces collection method was used.
The faeces from each replicate during the last two
day of experiment was collected and weighed.
A sample of 10% was frozen until analysed for
the proximate analysis (especially crude protein
and energy). The feed and poultry chicks faeces
samples was analysed particularly for (DM), (CP)
contents. For the determination ofenergy content
of the samples the method of bomb calorimeter
were used.
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Statistical Analysis. Microsoft Excel
Worksheets was used for entering and sorting
the data obtained from the trial and lab anal-
ysis. Basic statistics was applied to make it
ready for the final analysis. Analysis of vari-
ance (ANOVA) tool was used to analyze the
data using general linear model (GLM) proce-
dure of the Statistical Analysis System [20].
Means was separated by the application of
Duncan multiple range tests. A probability (P)
value of less or equal to 0.05 was considered
statistically significant.

Main results of the study. Overall average
weight gain, feed intake and feed efficiency
from 7 to 35 days of age. The overall perfor-
mance from day 7 to 35 days of age in term of
feed conversion ratio, weight gain and feed in-
take are shown in Table 1. The weight gain in-
dicated highly (P<0.01) significant response to
enzyme supplemented diets. The response to
enzyme supplementation was highest (1466.53
g/chick) on CF, among all diets. The chicks on
CF,, were 233.15 g per chick higher in weight
gain than chicks on CF,, (1466.53 vs 1233.38
g/chick). The response of protease supplemen-
tation in low protein diet was also higher than
good quality diets. The weight gain in chicks on
CF,, (1466.53 g/chick) showed an enhancement
of 77.24 g and 141.15 g per chicks than chicks
on CF_ (1389.29 g/chick) and CF, (1325.38 g/
chick), respectively.

tease consumed 5.73 g/chick/day less feed than
chicks on CF,, and was similar to the feed intake
of chicks on good quality CF  diet.

The response of enzyme supplemented diets
on the overall feed conversion ratio during 7 to
35d of age was highly (P<0.01) significant (Ta-
ble 1). Enzyme supplementation in both good and
poor commercial diet enhanced FCR. It was the
best (P<0.05) in chicks on the low protein enzyme
supplemented CF, diet and showed 1g gain in
weight for each 1.66 g feed consumed. The FCR
on low protein CF, diet when supplemented by
protease showed an enhancement of 0.41 points
over low protein CF,, diet (1.66 vs 2.07).Among
the good quality diets the enzyme supplementa-
tion tended to enhance FCR in CF_, but statisti-
cally not significantly different than CF_ (1.72
vs 1.75). The poorest (P<0.05) FCR of 2.07 was
revealed in chicks on CF,, that determined to be
low protein diet.

Crude Protein (CP) digestibility and Ap-
parent Metabolizable Energy (AME). The re-
sults pertaining to the fecal crude protein (CP)
digestibility and (AME) values of recorded in trial
are presented in Table 2. Protease supplemented
feeds demonstrated significant (P<0.05) effect on
the CP digestibility. Digestibility of crude protein
in chicks on both low protein diets was higher
(P<0.05) than chicks on good quality diets. The
chicks retained 69.49 and 70.27 % CP on CF, and

CF,,, respectively which was approximately 2 to

Table 1 — The effect of different commercial ration on the overall feed conversion ratio, average body weight gain, feed

intake of poultry broiler chicks at 28" day of trial

Diets! Weight gain, g Feed intake, g Feed conversion ratio
CF, 1389.29b+40.59 2426.39b+45.14 1.75b+0.04
CF_, 1325.38b+50.18 2285.42¢+26.02 1.72bc+0.05
CF,, 1466.53a+20.27 2436.52b+16.42 1.66¢+0.04
CF,, 1233.38c+41.99 2556.78a+38.72 2.07a+0.05

Means with the same letter in each column are not significantly different at 0.05
'represents commercial broiler diets where CF, and CF, satisfy while the CF, and CF,, are below the minimum require-

The consequence of giving various enzyme
supplemented diets was significant (P<0.01) on
the overall feed intake. The CFG2 determined to
be a good quality diet showed the lowest (P<0.05)
feed intake of 2285.42 g per chicks when enriched
with protease. This diet CF_, in comparison to
CF,, revealed a decline of 6.71 g/chick/day in
feed intake (2426.39 vs 2285.42 g/chick for 21
days).The chicks on low quality protein CF, diet
consumed the highest (P<0.05) feed 0of 2556.78 g/
chick. Supplementation of protease to CF,, diet
was not effective when compared with CF, . The
broiler chicks reared on CF, enriched with pro-

3.5 % higher than good quality diets. Among the
low protein diet, protease was equally effective in
improving the CP digestibility. Similar was the
case for protease supplementation in good quality
diets, however, the chicks on these diets was low-
er in retaining the CP in their body as compared
to diets determined to be lower in protein content
than NRC [16] recommendation.

The AME values was revealed to be signifi-
cantly (P<0.01) affected by diets enriched with
protease (Table 2). The response of protease sup-
plementation in providing AME to the chicks was
generally higher in low protein diets than good
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Table 2 — The effect of different commercial rations on the digestibility of crude protein and AME (apparent metabolizable

energy) in poultry broiler chicks

Diets! CP (%) AME (kcal/kg)
CF,, 66.49°+0.95 2992.09+36.74
CF,, 67.79°+0.72 2976.08°£25.25
CF,, 69.56*+0.58 3050.77°+£14.33
CF,, 70.27*+0.62 3148.98°+48.99

Means with the same letter in each column are not significantly different at 0.05
'represents commercial broiler diets where CF and CF, satisfy while the CF, and CF,, are below the minimum

requirement of NRC [16].

quality diets. The AME value observed for low
protein CF, diet was similar to the good quality
CF, diet (3050.77 vs 2992.09 kcal’kg). Howev-
er, the protease supplementation in the second low
protein CF, diet revealed the highest (P<0.05)
AME values of 3148.98 kcal/kg among all diets.
Comparing the low protein diets, the chicks on
CF,, diet obtained 98.21 kcal per kg more AME
than chicks on CFP1 diet (3148.98 vs 3050.77
kcal/kg).The efficacy of protease in sparing AME
for chicks on CF_, was similar to the chicks on
CF,, (2976.08 vs 2992.09 kcal’kg) but were less
(P<0.05) than the lesser protein diets. CF_, was
74.69 and 172.9 kcal/kg reduced provider of ap-
parent metabolizible energy to poultry broiler
chicken than CF, and CF,, respectively.

Discussion. Poultry Grow-250 consisted of
protease had been claimed to have growth pro-
moting and digestion enhancer effect in broiler
chicks. It was assumed that this protease would
enhance the availability of wide range of nutrients
especially protein and amino acids in low density
diets and would expose them for further hydro-
lysis resulting in performance similar to the high
density diets. The hypothesis of ameliorating the
CP digestion in low protein diets by dietary prote-
ase supplementation resulting in improved growth
performance was confirmed.

Weekly growth, feed intake and feed con-
version ratio

At day 14, the chicks on enriched protease
CF_, diet consumed less feed than chicks on CF ..
The tendency towards improvement in FCR on
CF, was attributed to the decreased feed intake.

Among the low protein diets, the FCR on CF |
tended to improve as compared to CF,, diet. At day
21, the effect of protease supplementation became
more clarified. The response of dietary protease in
both low protein diets on weight gain was simi-
lar to the good quality CF , diet. Among the good
quality diets, the weight gain was declined by 8.20
% on CF_, when compared with CF . This might
be the result of decreased feed intake observed to
be 7.11 g/chick/day less on CF , than CF . Sim-
ilarly the protease supplementation in low protein
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CF,, diet did not show its efficacy in improving
the FCR. The increased feed intake on CF,, could
be the reason of poor FCR. This envisaged that
the efficacy of dietary protease might vary from
diet to diet. Kocher et al. [15] observed variations
in performance due to dietary formulation when
enriched with proteases suggested that the effica-
cy of protease might be depended upon the feed
ingredients used in the balanced ration. Thus this
study suggested that the nature of the feed ingredi-
ents and their adjustments in the diets is of upmost
important to obtain maximum benefit of protease
supplementation.

At day 28, prominent response of protease
supplementation in low protein was determined.
The chicks gained 10.06 and 8.0 % more weight
on CF, than CF and CF_,, respectively. Similar
response in FCR was observed and was found to
be 0.20 and 0.15 points better on CF, than chicks
on CF, and CF ,, respectively. However, enzyme
supplementation in CF,, failed to show its effica-
cy declining the weight gain by 23.01 % while
the FCR by 0.49 points when compared with the
other low protein CF, diet. It demonstrated that
a diet obviously showing higher CP value might
not necessary meant to have potential of improved
growth performance. Feed ingredients having
the same total amino acids would be different in
sparing the digestible amino acids content due to
differences in the digestibility coefficient. Another
possible reason of reduced growth performance
on the high density diets might be the presence
of anti-nutrients in the diets that might have ren-
dered the biological activity in the gut resulted in
reduced growth performance [1].

Overall body weight gain, Feed intake and
Feed conversion ratio. The overall performance
in terms of weight gain, feed intake and FCR in-
dicated significant response to enzyme supple-
mented diets. The broiler chicks on low protein
CF,, diet enriched with protease revealed 11.10 g/
chick/day more weight gain, 0.41 points enhance-
ment in FCR and consumed 5.73 g/chick/day less
feed than chicks reared on the other low protein
CF,, diet. The low protein CF,, diet enriched with
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protease also showed an enhancement of 3.68 g/
chick/day and 6.72 g/chick/day more weight than
chicks on CF , and CF_,, respectively while con-
suming the similar feed intake indicated that the
supplementation of protease might be more bene-
ficial in low protein diet than diets having higher
CP content. The chicks on CF, showed 1g gain
in weight for each 1.66 g feed consumed. These
results coincided with the findings of Torres et al.
[22] who investigated that broiler chicks on low
protein diets supplemented with enzymes resulted
similar response to those fed on the normal diets.
Other research work conducted by Fru-Nji et al.
[9] had shown improvement in FCR and weight
gain in low protein diets supplemented with di-
etary protease.

Many researchers had been determined that
growth performance varied with the dietary CP
levels. The performance was not supported when
low protein diets were fed compared to high pro-
tein diets. Especially reduction in growth and
poor feed efficiency had been reported in chicks
fed on low protein diets [5, 19]. In the study, the
growth performance was decreased when the CP
level in the diet was declined from 23 to 19 %.
However, when low protein diets were enriched
with enzymes showed similar response to chicks
fed on normal diets [22]. Generally improving the
nutrients utilization through enzymes supplemen-
tation not only enhanced the performance [6, 7, 8]
but also lessened the environmental pollution by
minimizing the nutrients wastage.

Digestibility of CP and apparent metaboliz-
able energy (AME). The chicks on low protein
diets retained more CP and procured more AME
than good quality diets. As feed intake was ob-
served the same among the low protein and high
protein diets, it indicated that the enhanced growth
performance on low protein diets enriched with
protease might have been due to improved nutri-
ents digestibilities. Similar to our results, Ferket
et al. [7] found improved performance and min-
imized nutrient wastage and attributed it due to
increased digestibility and absorption of nutrients
when supplemented by enzymes. Wang et al. [23]
observed improvement in the breast meat which
was attributed to the enhanced amino acids utili-
zation when enriched with akeratinase-based feed
additive named Versazyme.

Abdollahi et al. [1] speculated that the protein
matrix around the starch granule reduced the ac-
cess of enzyme to the starch granule and mostly
inhibit the complete starch digestion in the small
intestine. Han and BeMiller [11] determined
that protease supplementation help assist in par-
tially degrading protein matrix thereby expose
that starch granules for more amylolytic activity.

These results assumed that the protease might
have improved the proteolysis as well as the starch
digestibility by disrupting the starch-protein com-
plexes thus resulting in improved CP and energy
digestibility.

Among the low protein diets CP digestibil-
ity remained unchanged but they were different
in sparing AME for chicks. The CF,, diet spared
98.21 kcal/Kg more AME for chicks than on CF,,
diet. However, this increase in AME on CF,, did
not help to boost the performance and was attribut-
ed to the widening ratio between CP and AME.
Similar results were determined that unbalanced
diets by CP and energy i.e. with low CP and high
energy led to more abdominal fat and resulted less
breast meat. The possible mechanism might be the
increased lipogenesis in the body where the extra
energy is deposited in the carcass in the form of
fat rather than to deposit the protein in the carcass
resulted in low carcass yields [19].

Among the quality diets the efficacy of protease
in retaining CP and sparing AME for chicks on CF
was similar to the chicks on CF_ but was lower
than the low protein diets. The CF_, was 74.69 and
172.9 kcal/kg less provider of AME to the chicks
than CF, and CF, respectively. The exact reason
of why the protease did not show its efficacy in the
high density diets is yet to be elucidated. However,
the possible reason might be that the chicks on high
quality diets were already getting sufficient amount
of protein needed for the body. So any further im-
provement in the nutrients digestibility that could
have taken place in the digestive tract by protease
supplementation was less beneficial. Another pos-
sible explanation is that generally the manufacturer
added enzymes to maximize the feed efficiency of
chicks. Literature revealed [13] that protease had a
closed association with other enzymes and lost its
efficacy in the presence of xylanase and phytase.
The comparatively low response in chicks on high
protein diets enriched with protease might be the
result of this phenomenon.

Briefly, the overall growth response of chicks
was improved on low protein diet enriched with
protease. It showed higher CP digestibility and
AME values than good quality diets. However,
the inconsistent results observed within the two
types of diets revealed that the nature of diets
might have influenced the efficacy of protease.
The poor performance on CF , (good quality) and
CF,, (poor protein) diets was attributed to the wid-
ening ratio between the CP and AME value. The
decline in AME value on good quality CF_, diet
was attributed to the reduced feed intake might
have negatively affected the growth performance.

Conclusions. The efficacy of supplementing
protease (Poultry Grow-250) in the good and low
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protein commercial diets was tested to investigate
its influence as a growth promoter on the growth per-
formance and nutrient utilization of broiler chicks.
The following conclusion and recommendation were
drawn from the domain of present study.

e The overall growth response of chicks was
improved on low protein diet enriched with protease.

o The efficiency of protease supplementation
depended on the nature of diets, as protease sup-
plementation in one commercial low protein diet
improved the growth but in other did not support
the optimum growth.

o The feed intake was decreased on the com-
mercial good quality CF_, while the low protein
CF,, diet supplemented by the protease, it was
worse on the other low protein diet.

e The protease supplementation negatively
affected the feed intake on good quality CF_, diet
even from the first week of experiment.

e The observed improvement in FCR on CF
could be the result of reduced feed intake.

e The low protein diets showed higher CP di-
gestibility and AME values than good quality diets.

e The decline AME value on good quality CF,,
diet was attributed to the reduced feed intake might
have negatively affected the growth performance.

e The protease supplementation showed un-
balance between the CP and AME value on CF
(good quality) and CF,, (poor protein) diets.
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BrnuinB 10n0BHEeHHsI PallioHiB NPOTea3010 HA MPOIYK-
THBHIiCTh TA NEePEeTPABHICTh MOKUBHUX PEYOBHH KOPMiB
y Opoiiiepis

Myxamen XacHain Pia3, Amip Ix6an, Camiynax Xan, My-
xameq Taxip, Mian Hasip Illax, Cameynax Memyn, Kapkau
erpo, Mamkin FOpiii, bomko Birauiii, TutapsoBa OJiena,
HexmicTpenko Okcana, Icmain baiipam, Ky3smenko Oxcana

Mertoro fociimpKeHHst OyI10 MiATBEPAUTH 3pOCTAIOUHIA CTH-
MYJIIOIOUNH BIUIMB [IPOTEA3H Ha MPOXYKTHUBHICTb Ta JIOCIIAHTH
ii BIUIB HA NEpETPaBJICHHS KOPMIB y Kypdar-OpoitiepiB. s
1bOro 4 MPOMHMCIIOBI TPy KOMOIKOpMIB Oyio po3aiieHo Ha
J(Ba TUITH (HU3BKOI Ta BUCOKOI IIIUTBHOCTI ) Ta 30aradeHo mporea-
3010, BUKOPUCTOBYOUH ITOBHICTIO PAHIOMI30BaHy KOHCTPYKIIIO
i3 4-Ma TIOBTOpaMH Ha patioH, 10 10 NTaIIeHsT, KOXKHA 3 SKHX
HasmigyBaia 200 kypuar-Opoiiiepis noboBoro Biky. o 14-1060-
BOTO BiKy yKOIHUX e()eKTIB y NTAIICHAT HE CIIOCTEPIraiy, OXHaK
Ha 14 o0y cepen parioHis, 30araueHux (HepMEHTaMH, 3’ IBUITH-
Cs1 HEBEJIMKI BIZIMIHHOCTI IO/I0 301IBIIEHHS Bary, CIIOKUBAHHS
KopMy Ta Koecinienra xousepceii kopmy (FCR). Ha 28 no6y 6y-
JIO BiIMiY€HO BUPA3Hy PEaKIIiio Ha JI0IaBaHHs POTEasH y rpy-
I 3 HU3BKUM BMicTOM Oiiika. [ITamensta Habupamu Ha 10,06 Ta
8,0 % Oinblre Baru y rpyii CFPI, HDK CFGl Ta CFG2 BIIIOBIAHO.
AHanoriyHy BiANOBI/Ib CIIOCTEPIray is KoedilleHTa KOHBep-
cii kopmy i BusBm, mo y rpyni CF, na 0,20 Ta 0,15 Ganis
kpae, Hix y CF ta CF_, BimnosinHo. Onnak y rpymi CF,,
He BUSIBIUIACS €(peKTUBHICTh IPOTEa3H, 3HU3UBILH TIPUPICT Baru
Ha 23,01 %, Tumuacom koedilieHT KoHBepcii kopMmy — Ha 0,49
nyHKTY nopisHsHo 3 CF, . e cBigauTs npo Te, IO XapakTep
KOPMOBHX IHIPEI€HTIB y pallioHaX € Ba)KITUBUM [l OTPHMAaH-
HsI MAKCHMAJIbHOT KOPHUCTI B/l POTea3HNX A00aBOK. 3arajibHa
e(heKTUBHICTH JJOBEIA 3HAYHY PEAKIiIo Ha PaIlioHH, JOMOBHE-
Hi depmentamu. Cepen pauioHiB i3 HU3bKMM BMICTOM OLIKiB
3acBOIOBaHiCTE cuporo nporeiny (CP) 3ammmranacst He3MiH-
HOIO, OJTHAK BOHH BHPI3HSUIACS HOPIBHSHO 3 OOMIHHOIO CHEp-
rieto (AME) nns nramenst. CF ) 3exonomus Ha 98,21 kkan/kr
outee AME, HDK CF,,. Onnax ne HiﬂBHmeHgﬂ 3Ha4cHr AME
HE JIONOMOIVIO ITiJIBULLIUTH IPOXYKTHBHICTb i MOSCHIOBANOCS
30utbIneHHsM criBBigHOmeHHss Mk CP ta AME. JloBeneHo,
1110 3arajibHa PEaKllist Ha 3pOCTAHHS NTALICHSAT MOKpallyBaJIacs
Ha paLioHi 3 HU3bKKM BMICTOM Oijka, 30aradeHuM IpoTeasoro.
Bin mokazas kpari mokasHuku 3acsoroBanocti CP ra AME, Hixk
parionn xoporuoi sikocti. OfHaK HEMOCiI0BHI pe3y/bTaTH, BU-
SIBIICHI B MEXax JIBOX THIIB JKUBJICHHS, JOBEJH, IO MPHPOJIA
PaLlioHIB MOIIa BIUTMHYTH Ha €()eKTUBHICTH POTEa3H.
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BinsiHMe 10NOTHeHNs] palMOHOB NPOTea30ii Ha Mpo-
H3BOUTEIBHOCTh M NEePeBAPHMMOCTh NMHUTATEJLHBIX Be-
1ecTB KopMa y OpoiiiepoB

Myxamen XacHaun Pua3, Amup Uxb6an, Cammynax
Xan, Myxamen Taxup, Muan Ha3zup Illax, Cameynax Me-
MyH, Kapkau Ilerp, Mamkun FOpuii, bomkxo Burasnmii,
Turapesa Enena, Ilexmucrpenko Oxcana, Ucmaunn Baii-
pam, Ky3bmenko Oxcana

Llensio wmccnenoBannst OBUIO TOATBEPAUTH pacTyIiee
CTUMYJHPYIOIIEE BIHMSHUE MpOTea3bl Ha IPOU3BOIUTEIb-
HOCTb M MCCJIEIOBATH €€ BIMSHUE HA TMepeBapHBaHUE KOPMOB
y UIBIUIAT-0poiinepoB. [yt 3Toro 4 MpOMBIIUICHHBIE TPYII-
bl KOMOMKOPMOB OBUTM pa3felieHbl Ha Ba TUMa (HU3KOH U
BBICOKOH IUIOTHOCTH) M OOOTaIleHbl MpOTea3oi, MCIOIb3Ys
TIOJTHOCTBIO PaHJOMHU3HPOBAHHYIO KOHCTPYKIIMIO C 4-Msl TIOB-
TOpaMH Ha paiuoH, o 10 NTeHnoB, Kakaas U3 KOTOPBIX Ha-
cuutbiBasia 200 OBIUIAT-OpOIIEpOB (CYTOYHOTO BO3pacTa).
Ho 14-cytouHoro Bo3pacta HUKakux 3(pQeKToB y NTEHIOB
He HaOmonany, OfHAako Ha 14 CyTKM cpeau pammoHOB, 000-
TaleHHBbIX (ePMEHTAaMH, MOSBHINCH HEOOJBbLINE Pa3IMYus
110 YBEJIMYEHHUIO Beca, MOTPEOICHNIO KopMa U KoddduIeH-
ta xoHBepcuu kopma (FCR). Ha 28 cytku Obina oTmeuena
OTUETIMBAs peakuusl Ha 100aBIeHHE MPOTeasbl B IPYMIBI C
HU3KHAM cofiepxanneM Oenka. [Itenusr Habupamm Ha 10,06 n
8,0 % Gombiue Beca B rpynne CF, , uem CF, u CF, cootBeT-
CTBCHHO. AHAJIOTUYHBIN OTBET HAOIIONAIH U1 KO3 PHIICH-
Ta KOHBEPCHHM KOpMa W BblsBMIH, 4T0 B Tpymme CF, na 0,20
u 0,15 GamioB nydine, 4em B CF,, u CF_, COOTBETCTBEHHO.
Onnaxo B rpynme CF,, He BRIABAIM 5)()EKTUBHOCTH HCTIONb-
30BaHMS MPOTEasbl, MOCKONIBKY MpuBec cHU3MICS Ha 23,01 %,
TOIJa Kak K03 HIMeHT KoHBepcun kopMa —Ha 0,49 myHkTa 1o
cpasnenuio ¢ CF, . DTO CBUIETENBLCTBYET O TOM, YTO XapakTep
KOPMOBBIX MHIPEIHEHTOB B PAIIMOHAX SIBIISIETCS] BAXKHBIM IS
MOTy4YeHNs] MAKCHMAJIbHOI TONB3bI OT MPOTEa3HbIX J00aBOK.
O6mrast 3(hEeKTHBHOCTD Jl0Ka3aja 3HAYMTEIBHYIO DPEaKIUIO
Ha paIFOHbI, OTIOJHEHHbIe (epmeHTamMu. Cpean panyoHOB ¢
HHM3KHM COZIEp’KaHHEM OENKOB YCBOSAEMOCTh CBIPOTO MPOTEHUHA
(CP) ocraBanach HEH3MEHHOMH, HO OHH OTIMYAIINCH 110 CPaBHE-
Huto ¢ 0OMerHol snepruei (AME) s nrennos. CF, cokono-
mm Ha 98,21 kkan/kr Gonbie sueprum, uem CF, . Onnako 510
nioBbIIeHne ypoBHI AME He OMOIVIO TTOBBICHTH TIPOU3BOIH-
TETBHOCTb U OOBSICHSIIOCH YBETMYEHUEM COOTHOLICHHS MEXK LY
CP u AME. Jloka3aHo, 4To 00IIasi peakiys Ha pOCT NTEHIIOB
yiIy4IIajgach Ha palMoOHe ¢ HU3KUM COfIep)KaHueM Oenka, 060-
TaleHHBIM IpoTea3oil. OH mokasal 6oee BRICOKHE ITOKa3aTeln
ycBosiemoctu CP u AME, 4em parroHb! XOpOILIEro KadecTsa.
OfHaKo HENoCIeI0BaTeNbHBIE PE3YNIBTAThl, OOHAPYKEHHBIE B
TIpezeNiax JByX THIIOB ITHTAaHMS, JOKA3aJIH, YTO IIPUPOJIA PALHO-
HOB MOIJIa MOBJIUATH HA 3 ()EKTUBHOCTb NIPOTEa3bl.

KuroueBnle ciioBa: Opoiiepsl, ycBOsSIEMOCTb, IIPOTEasa,
K03 GHLUEHT KOHBEPCUH, OTPEOICHUE KOpMa.
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