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The experiment was performed on 1000 one-day-ofd Hybro
broilers divided into 5 groups. Raw maize was mixed in the djet of
the conirol group, and extruded maize for the experimental grouop.
Different hydrothermic conditions (temperature of 100°C or 120°C
for 1.5 or 2.5 minutes) were applied for the treatment of maize.

Extruding contidions (time, temperature) were effective for suc-
cessful gelatinization of starch and increased amounts of glucose,
maftose and maitotriose, without adverse effects on other nutrients
in maize grain.

Broilers in the controf group had an average daily gain of
27.59 g and a feed: gain ratio of 2.51 kg with carcass yield of
64,86%. The inclusion of extruded maize significantly increased daily
gain by 5.1-12.5% and Improved feed: gain ratio by 7.6-13.1% with
higher carcass yields by 0.5-3,7%.

Key words: poulftry, maize, exirusion, performance, carcass
yield

INTRODBUCTION

In order to achieve the maximal nutritional effect from nutrients contained
in grains, the feed industry uses manu different pracessing methods {Chang
and Lii, 1992; Carr, 1991). Their effects lead to changes of form and size of
food particles (Wang et al.,, 1995; Park et al., 1993), taste improvement and
increased nutrient digestibility.

The aim of maize extrusicn is increase of starch digestibility, which has
a complex macromolecular structure, and is poorly utilizable, especially for
young animals. Starch grains are made up of highly branched starch molecules
that form a sphero - crystal structure with radially oriented "arms® which -
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intersect at the hilum, forming regions of crystalloid structure, Steam heating
produces swelling of starch grains, increasing their pressure upon the grain
shell. Thus, extrusion is a distinctive way of boiling the grain contents inside
its shell (Artz et al., 1990). Under high temperature and pressure, secondary
bonds break, altering physical and chemical relations inside the starch grain
and disturbing the crystalloid structure (Zheng and Wang, 1994; Takamine et
al., 1995). If dried in a short period of time (Liu et al,, 1993), starch grains
do not reestablish the previous structure, remaining more accessible for en-
zymatic hydrolysis to glucose (Zuilichem et al., 1990).

Hydrothermic treatment applied to maize grain did not change the basic
chemical composition (Puada, 1970; Bekric et al., 1987; Bekri¢ et ai, 1992;
Radosavijevié et al., 1992), the greatest contribution of this treatment being
formation of readily digestible and available starch, thus increasing energy
availability. The advanteges of extruded maize utilization in the nutrition of
different animal species have been described {Smoje et al.,1996; Nikoli¢ et al.,
1983; Peji¢ and Kovéié, 1995; Grubié et al., 1987a), while in poultry nutrition
data are contradictory (Patterson et al., 1994; Sinovec et al, 1995). The aim
of this investigation was to enlucidate the effects of maize grain extruded under
different conditions on the performance of broiler chickens.

MATERIALS AND METHODS

The experiment was performed on a thousand one-day-old Hybro broilers
divided into 5 groups. Diets were based on standard feed mashes (table 1),
composed to fulfill all the requirements of this category. Chickens of the control
group were fed with raw maize mixed in the diet, while the experimental groups
were fed with maize grain extruded under different conditions {table 2).

Table 1. Composition of complete feeed mashes, %

5 Starter Finisher

Ingredient % % . ” .
Maize raw 59.0 - 63.0 -
Maize extruded - 58.0 - 63.0
Soyabean meal solvent 19.8 19.8 13.7 13.7
Sunflower meal solvent 3.0 3.0 5.0 50
Alfalfa meal dehy. 2.0 2.0 5.0 5.0
Fish meal 7.0 7.0 4.0 40
Fat 3.0 3.0 3.0 3.0
Yeast 3.0 3.0 15 15
Dicalcium-phosphate 1.0 1.0 15 1.5
Limestone, ground 1.0 1.0 + 06 0.6
lodised salt 0.2 0.2 0.2 Q.2
Methionine 0.5 0.5 0.5 05

Vitamin-mineral primex 0.5 0.5 0.5 Q.5
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Table 2. Different conditions for extruding maize

Group Maize Temperature °C Time min
K raw - -
0~-1 extruded 120 25
o-1 extruded 120 1.5
o-m extrudad 100 15
0-IV extruded 100 2.5

Chmical analysis for basic nutrient concentration in maize and mash
samples was performed by standard analytical methods {AOAC, 1980) using
a Tecator system. In raw and extruded maize samples the concentration of
glucose, maltose and maltotriose was determined by high pressure liquid
chromatography (Anderson et al, 1969), and the absorption index by the
method of grain swelling.

During the trial, performance and heaith status were monitored, At the
end, six broilers of both sexes were sacrificed from all groups, chosen by
random sampling. Carcass gain was determined by the method "ready for
grill”.

All data were statistically processed (Snedecor and Cochran 1971) and
an appraisal was made of the significance of differences in mean values among
the groups of chickens.

RESULTS AND DISCUSSION

Chemical analyses did not reveal significant differences in physical and
chemical composition of maize grain processed under different extruding con-
ditions (table 3). The results imply that the process of grain extrusion has no
effect on the basic chemical composition of the treated feedstuffs, which is in
agreement with previous findings of other authors (Puacta, 1970; Bekrié et.al,,
1982). Also, the resuits suggest that replacement of row maize grain by extruded
grain in the same quantity does not alter the chemical composition of the
mashes (table 4).

The main purpose of maize extrusion is to increase starch digestibility,
which is poorly digestible, especially for young animals, due to its complex
structure. Breaking of secondary bonds, gelatinization and higher concentra-
tions of siple sugars due to the breaking of starch chains increased digestibility.
Our results indicate that glucose concentration was 6.1 - 57.6% higher in
treated grains, than in raw maize.The concentrations of maltose and maltctriose
were 7.7 - 8.8 and 1.9 - 3.2 times higher, respectively.

Absorption index can be used as a starch dissolution indicator because
it is proportional to the number of simple sugars created by the breaking of
starch chains under hydrothermal treatment. Although absorption index in our
study was increased, no interrelationship with applied times and temperatures
or with the increase of simple sugars could be established,
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Table 3, Chemical composition of raw and extruded maize

Maize extruded

Chemical Maize
composition % raw 120° ¢ {20° C 100° C 100° C
2,5 min 1,5 min 1,5 min 2,5 min
Moisture 10.26 a.11 10.01 9.28 8.80
Ash 1.20 112 1.10 115 1.13
Crude protein 8.71 8.62 8.50 8.80 8.88
Ehter extract 3.90 4,01 385 410 4,05
Crude fiber 2.11 220 217 2,05 218
N-free extract 73.82 74.94 74.27 74.62 74.68
Ca " 0.01 0.01 0.01 0.01 0.01
P 0.27 0.28 0,26 0.28 0.27 -
ME. MJ/kg 13.83 14.13 13.98 14,14 14.17
Glucose mg/g DM 3.30 3,05 4.30 4.40 520
Maltose mg/g DM 1.00 7.70 8.80 8.20 8.30
Maltotriose mgf/g DM 0.30 0.50 a.70 0.90 1.00
Absorption index 1.05 1.18 147 1.16 1.18

Table 4. Chemical composition of complete feed mashes, %

Chemical composition % Slaner FlntsHsr

K |-V K | = IV
Moisture 10.48 10.33 - 10.91 10.71 10.30 — 10.76
Ash 5.82 588 —6.12 5.88 5.53 — 5.85
Crude pratein 21.55 21.39 - 21.93 18.39 18.50 — 18.76
Ether extract 5.38 5.25 - 5,92 5.69 540 - 5,60
Crude Fiber 4,01 420 - 4,83 5.19 5.25 - 5.50
N-free extract 5276 51.10 — 52.29 54,14 53.86 - 54.73
Ca 1.08 1.10 - 1.16 0.85 0.85 - 0.90
P 0.70 0.70 - 073 0.65 0.65 - 0.72
ME, MJ/kg 1256 12,50 - 12.70 12,58 12,59 - 12.71
Table 5. Bady weight of broilers, g

Trial days

QIets Tet 38th > 42nd
K 30, 87 + 2.53 847,85 + 148,13 °% 1671.89 + 272.81 ©
01 30.41 + 2.66 903.16 + 136.73 ®¥ 174362 + 251,65 ¥
0-1I 30.88 + 2,63 927.60 + 128.50 &Y 177016 + 239,98 Y
o-1 30.87 + 263 879,95 4 145,50 %* 1751.89 + 261,08 &Y
0-I¥ 3042 + 2.74 843.23 1+ 161.17 2 1689.53 + 278.90 bX

" Values exprassed as X+SD .

%™ ¢ Maan values within columns with unlike superscript letiers were significantky diferant {(p<0.05,
LSD test)

%% Z Mean values within columns with uniike superscript letters were significantky diferent (p<0.01,
LSD test)
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The average body weight in all experimental groups was maximally equal-
ized at the beginning of the trial, and there were no significant differences
{table &), During the trial significant dirrerences in average body weight due
to regime of nutrition became apparent. Although this parameter can be valu-
able for estimation of feed quality and nutritive value, daily weight gain is more
reliable (table 6). Thus, highly significant (p < 0.01) differences in daily weight
gain in the first period of fattening could be observed between the control and
experimental groups. At the end of the trial these differences were significant
(p<0.05). Our results are similar to the findings of other authars that availability
and nutritive value of extruded and non-extruded feed and its influence on
performance in the last phase of fattening are almost equal (Sinovec et al,,
1995; Smije et al.,, 1996; Patterson et al., 1994). it can be concluded that young
animals achieved better nutrient utilization if fed hydrothermically processed
diet. In this period of life extruded feedstuffs represent very important coponent
of the diet because incompletely developed enzymatic systems demand special
care in diet formulation. Extrusion of grains provides not only gelatinization of
starch, but also destruction of non-starch polysaccharides included in cell-wall
formmation, allowing more rapid enzymatic digestion of intracellular content,
With development of the enzymatic system and its adaptation to the feed, the
described effects lose their importance, but still show a positive influence,
Regarding the whole trial, it can be concluded that feeding extruded maize
gives a higher weight gain than conventional raw grain.

Table 6. Bedy weight gain of broilers, g

Group Trial days

1st 28th 42nd
K . 27.59 + 7.70 &% 58.55 + 9.95 36.70 + 10.45 &
0-1 30.01 + 691 7Y 59.53 + 10.56 @ 3800+ 93°
o-1 31.03 + 6017 80.03 +__ 972 4012 + 8317
o-1 29.01 + 6.84 b¥ 61.81 + 991 % 3894 + 9627Y
0-1v 2814 + 7.11 % 59,72 + 10.23 ® 37.70 £ 9.32*

" Values expressed as X+ SD

25¢ Mean values within columns with unlike superscript letters were significantky diferent (p<0.05,
LSD test)

%% Z Mean values within columns with unlike superscript letters were significantky diferent (p<0.04,

LSD test)

Moreover, use of extruded maize resulted in a lower feed intake in the
experimental groups than in the control group (table 7). The process of extrusion
did not change significantly either the chemical composition of feedstuiffs, or
the content of gross energy. Thus it could be concluded that breaking starch
chains increases digestibility and energy avilability, with a direct effect on feed
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intake, inversely correlated with energy content in the diet (Jovanovic et al,,
1985).

Table 7. Feed intake and feed: gain ratio

Tilal Group
days K ! T m v
Feed intake g
1-28 66.49 62.91 63.46 65.06 63.00
28 - 42, 145.16 136.23 136.34 142.76 135.62
1-42, g2.24 87.04 87.58 80.41 87.00
Fead: gain ratio kg
1-28. 2.41 2.10 2.05 224 224
28 — 42, 248 2.29 2.27 231 227
1 -4z 2.51 2.23 218 2.32 2.21

The feed: gain ratio (table 7) is a derivation of daily gain and feed con-
sumption, and at the bottom line is one of the best markers cf feed quality and
productivity. Usage of hydrothermically treated maize, increased the feed : gain
ratio by 7-15% in the first and 7-9% in the second phase of trial. As before, it
could be sesn that the efficiency of extruded diet and its effects on performance
were almost equalized at the end of the trial but at the early stage extruded
maize improved feed: gain ratio in young chickens (Sinovec et al,, 1995},

Carcass weight was correlated with body weight, and was significantly
higher in the experimental groups than in the control group (table 8), which
is in accordance with other data (Paviovski and Magi¢, 1991; Bogosavljevic-
Bogojevi¢, 1994). Generally speaking, it could be concluded that carcass yield
depends only on body weight before slaughtering, so that usage of extruded
maize, by providing better performance gave more meat.

Table 8, Carcass weight and carcass yield

Body weight g

Group Carcass yield %
live slaughtered

K 1683.75 + 47.87 * 1092,08 + 46.98 * 64.86 4+ 2.09 *

0-1! 1778.33 + 46,97 ¥ 1195.67 + 28.93 ¥ 67.27 + 0.73 &%

o-1 1761.67 £ 3576 ¥ 1157.00 + 54,27 °¥ 65,65 + 210 °

o~ 175417 + 28.08 ¥ 1160,50 + 45,36 B 66,15 + 2,09

O~V 1672.50 + 33.27 % 1080,08 + 30,17 ¥ 65.18 + 1.04 Y

* Values expressed as X+ SD
&5 ¢ Mean values within columns with unlike superseript letters were significantky diferent (p<0.05,

LSD test)
% %2 Mean values within columns with unllke superscript letters were significantky diferent (p<0.01,

LSD test)
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Regarding all data in our trial, it could be concluded that the extruding
conditions (time, temperature) were effective for successful gelatinization of
starch, without adverse effects on other nutrients in maize grain, Inclusion of
extruded maize in diets for fattening chickens led to better performance and
therefore hydrothermically processed feed should be used in broiler nutrition,
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UTICAJ HIDROTERMICKOG TRETMANA KUKURLUZA NA PROIZVODNE REZULTATE |
PRINOS MESA BROJLERA

SNJEZANA PUPAVAC, Z. SINOVEC, V.KOLJAJIC, S.MITROVIC and N. JOVANOVIC

SADRZAJ

Ogled je izveden na 1000 jednodnevnih Hybro brojlera podeljenih u 5
grupa. Za kontrolnu grupu korigéen je sirov kukuruz u smeSama, a za ogledne
grupe ekstrudiran kukuruz. Za hidrotermicko kondicioniranje kukuruza primen-
jeni su razliditi uslovi (temperatura od 100 ili 120°C u dugini od 1.5 ili 2.5
minuta).

Uslovi ekstrudiranja {vreme, temperatura) bili supovoljni za uspesno od-
vijanje Zelatinizacije skroba i vedeg prisustva glukoze, maltoze i maltotrioze,
bez stetnog dejstva na ostale hranlfjive materije kukuruza.

Brojleri kontrolne grupe postigli suprosecan dnevni prirast od 27.59 g i
konverziju hrane od 2.51 kg uz prinos mesa od 64,86%. KoriScenje
ekstrudiranog kukuruza znaéajno je povecalo dnevni prirast za 5. 1-12.5% i
smanijilo konverziju hranu za 7.6-13.1%, uz veci prinos mesa za 0.5-3.7%, -

Kljuéne reéi: Zivina, kukuruz, ekstrudiranje, proizvodni rezultati, prinos
mesa.



