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1 - Endofeed W, GNC Bioferm Inc., Saskatoon, Canada.
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Talel- Ingredients and composition of the experimental diets*
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0) » .
1) ey sl . Triticale level in diet (%)
Ingredients (%) Zero 10 20 30 20
@) 57.00 48.62 40.10 31.72 23.31
Corn
g 0.00 10.00 20.00 30.00 40.00
El'rltlcale "
Pl (g5 M44) g dloxS
Soybean meal (CP=44%) 36.25 34.57 32.96 31.26 29.60
Lgw (€9, ) 3.06 3.07 3.10 3.10 3.10
Soybean oil
osFrmJ e
DL~ threonine 0.00 0.01 0.03 0.05 0.06
owgsem e
DL -methionine 0.23 0.23 0.24 0.24 0.24
LS 950 cpid =)
L-lysine HCI 0.08 0.12 0.14 0.18 0.22
predS” Sl 1.05 1.05 1.08 1.08 1.08
Calqlum carbonate
Slid el 03 1.55 1.55 1.55 1.55 1.55
plcaIC|um phosphate
eeliy JoSo 0.25 0.25 0.25 0.25 0.25
}/ltamln premix
e JoSe 0.25 0.25 0.25 0.25 0.25
Mineral premix
g:‘it® 0.28 0.29 0.31 0.32 0.34
Slwlre oS 5
(Clt(altiyllﬁltc)ed composition

cal/ Kg) slo g cdguw L5 55,
g\/letabolizable energy (kcal/ kg) 3000 3000 3000 3000 3000
h el oo . 21.01 21.01 21.01 21.01 21.01
0Crude protein
h s 0.86 0.86 0.86 0.86 0.86
galcmm
Do id BB jhus
f\vailable ohosphorus 0.43 0.43 0.43 0.43 0.43
h corse 0.16 0.16 0.16 0.16 0.16
0Sodlum
I/E ‘Q’Jﬁj 1.18 1.18 1.18 1.18 1.18
Lysine
Vgt 0.56 0.56 0.56 0.56 0.56
g/\/lethlonlne
g\/lethionine ¥ Cysteine 0.90 0.90 0.90 0.90 0.90
h sy 0.79 0.79 0.79 0.79 0.79
Threonine
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'Each one of five diets was divided into two equal portion and enzyme cocktail “containing arabinoxylanases 1200 U/g and B-
glucanases 400 U/g” was added to one part and wheat bran to another part at rate of 0.5 g/kg to provide the ten experimental diets.
Vitamin permix Supplied the following, per kilogram of diet: vitamin A, 9000 1U; vitamin D3, 2000 IU; vitamin E, 18 mg; vitamin
Kz, 2 mg; vitamin By,, 1.5 mg; thiamine, 1.8 mg; riboflavin, 6.6 mg; niacin, 10 mg; pyridoxine, 3 mg; biotin, 0.15 mg; folic acid, 0.1
mg; panthotenic acid, 30 mg; choline chloride, 500 mg; etoxycoin, 0.125 mg;
*Mineral permix Supplied the following per kilogram of diet: Zn, 84.7 mg; Mn, 100 mg; Cu, 10 mg; Se, 0.2 mg; I, 1mg; Fe, 50 mg.
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4 - Model Leica RM 2145

5 - Hematoxylin and Eosin

6 - Model U- TV0.5 XC-2, Olympus corporation, BX41
7 - SAS Institute, 2003
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1- Model LVDVII + CP, Brookfield Engineering Labs, Inc.,
Stoughton, MA 02072.

2 -Centipoises

3 - 1/100 dyne second per square centimeter
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Table 2- The effect of dietary triticale level and enzyme supplementation on growth performance of broiler chickens during 11-24d

of age’
<l gl Si9r 24 o 039 Ul Fyae Sl e b cope
Effects Weight at 24d Weight gain Feed intake Feed conversion ratio
() WSz 5 e 9 (9/b/d) (9/9)
Triticale levels (%)
0.0 720° 42.32° 68.50° 1.62°
10.0 701° 40.35° 65.80° 1.64°
20.0 735° 42.83° 69.00° 1.61°
30.0 703° 40.59° 67.19% 1.66"
40.0 522° 27.53 56.58" 2.38°
SEM 14.86 0.96 1.36 0.04
P_Value ** ** ** **
(9/kg diet) w3
Enzyme supplementation (g/kg diet)
0.0 643" 36.20° 63.20° 1.92
0.5 709° 41.20° 67.63 1.64°
SEM 9.40 0.61 0.86 0.02
P_Value ** ** ** **
I 5 g ¥ il
Triticale levels * Enzyme supplementation
0.0 0.0 720 42.50% 68.50° 1.61°
0.5 720 42.10% 68.50° 1.63°
10.0 0.0 724% 41.40%® 66.20° 1.60°
0.5 678" 39.30° 65.50° 1.67°
20.0 0.0 711%® 41.30® 67.10° 1.62°
0.5 758° 44.30° 70.80° 1.60°
30.0 0.0 711%® 40.70%® 67.20° 1.65°
0.5 695% 40.50% 67.20° 1.65°
40.0 0.0 350° 15.20° 47.00° 3.10°
0.5 695% 39.80° 66.20° 1.66"
SEM 21.02 1.36 1.92 0.05
P_Value ** ** ** **

(P<OM05) sth o i S (T i 5 i b (e b 5 ) s 2 (e

(P<0/01) ™ (P<O/05) ™ b yine yé 5351 ™

“Mean within the same column (main and or interaction) with no common superscript are significantly different (P < 0.05)

" difference non-significant, *(P<0.05), **(P<0.01)
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Table 3- Effect of dietary triticale levels and enzyme supplementation on digestive organ relative weight of broiler chicks measured

at 24 d of age’
ol gl 5165 oS50y S S & ol Chgze (S
> ol o O >95 039 )R 039 U9 odxalljo) Gut viscosity
Effects GIT? Gizzard S.Intestine L.Intestine Burs Pancreas f922 Pyt
Jejunum  lleum
dSip o e (0/100g of live body weight) .......ccocoeeee. L., CPS® ...
Triticale levels (%)
0.0 8.93° 2.45° 4.64° 0.74° 0.18° 0.31° 2.50 2.50°
10.0 9.20° 2.71%® 4.54° 0.83" 0.24%  0.32° 2.64 2.95°
20.0 0.84%® 2.67% 5.17° 0.82° 0.21"  0.37* 250  3.15°
30.0 9.64%° 2.76% 5.00% 0.78° 0.24®  0.42* 219  3.43°
40.0 10.44° 3.02° 5.32° 1.01° 0.29° 0.45° 250  4.94°
SEM 0.29 0.14 0.17 0.04 0.02 0.02 0.41 0.40
P_Value ** * * ** ** ** nS **
(9/kg diet) w3
Enzyme supplementation (g/kg diet)
0.0 9.65 2.77 4.58 0.85 0.23 0.42° 271  3.76°
0.5 9.66 2.67 5.01 0.83 0.23 0.33° 2.21 3.0
SEM 0.18 0.08 0.11 0.02 0.01 0.01 0.26 0.25
P-Value ns ns ns ns ns ** ns *
W o ¥ 3]
Triticale levels * Enzyme supplementation
0.0 0.0 8.56° 2.41° 4.43 0.69° 0.18 0.32¢ 2.86 2.36
0.5 9.30" 2.49° 4.85 0.79° 0.17 0.31¢ 2.15 2.64
10.0 0.0 9.10" 2.79° 4.38 0.80° 021  0.35° 3.05 3.62
0.5 9.31% 2.63 4.69 0.86° 0.27 0.30° 2.22 2.28
20.0 0.0 9.52" 2.54" 5.00 0.86° 0.21 0.41% 2.50 3.66
0.5 10.17%® 2.81° 5.33 0.78" 0.21 0.34% 2.50 2.64
30.0 0.0 0.38" 2.61° 5.00 0.70° 0.25 0.43° 2.24 3.82
0.5 9.90° 2.90° 5.00 0.85° 0.23 0.41% 2.13 3.05
40.0 0.0 11.26° 3.51° 5.43 1.17° 0.30 0.90° 2.90 5.34
0.5 .63 2.54° 5.21 0.84° 0.27 0.31¢ 2.07 4,53
SEM 0.42 0.20 0.23 0.06 0.03 0.03 0.59 .56
P-Value * * ns ** ns ** ns ns

(P< 0/05) sislyigo jboisine ST (sl st i By b (bl b 5 Jol) (pgi 12 Sileor
(P<0/01) ™ (P<O/05) ™ jls e e 5D ™
“Mean within the same column (main and or interaction) with no common superscript are significantly different (P < 0.05)
" difference non-significant, *(p<0.05), **(P<0.01)
GIT' Gastrointestinal tract, *CPS: Centipoises= 1/ 100 dyne second per square centimeter.
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Table 4- Effect of dietary triticale level and enzyme supplementation on jejunal morphology of broiler chicks measured at 24 d of
1

age
<l b e RIS Cr)S Gos has Y culs VH/CD b g
Effects VH? VWe cb* MT® VSA®
0) ISty s e T pm?
Triticale levels (%)
0.0 598? 62 1372 47° 4.59 37610
20.0 5272 58 123%® 65% 4.36 31790
40.0 414° 79 110° 63° 3.72 32790
SEM 34.4 5.5 4.2 2.1 0.31 3190
P-Value el ns el ol ns ns
(51 25 85) w3
Enzyme supplementation (g/kg diet)
0.0 461° 64 1282 57 3.62° 28850
0.5 565° 69 119° 59 4.83% 39270
SEM 28.10 45 3.4 1.7 0.25 2600
P-Value * ns * ns ol ns
W o ¥ 3]
Triticale levels * Enzyme supplementation
0.0 0.0 582 56 140%® 47 4.15 33070
0.5 614 68 134%® 47 4,57 42150
20.0 0.0 455 53 1452 64 3.21 24570
0.5 599 64 100° 65 5.98 39000
40.0 0.0 346 82 99° 60 3.51 28930
0.5 483 75 122° 65 3.94 36650
SEM 48.60 1.7 5.9 3.0 0.43 4510
P-Value ns ns ol ns ns ns

(P< OM05) stk i S T i 5 i b (e b 5 ) s 2 (e

(P<0/01) ™ (P<O/05) ™ b sine yé 3351 ™

“Mean within the same column (main and or interaction) with no common superscript are significantly different (P < 0.05)

" difference non-significant, *(p<0.05), **(P<0.01).

2V/H: Villus height; 3 VW: villus width; * CD: crypt depth; ®MT: muscular thickness; ® VSA: villus surface area.
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Figure 1- Effect of dietary triticale levels and enzyme supplementation on morphological observations of jejunum in broiler
chicks slaughtered at 24 d of age
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Introduction Corn and wheat are the grains most routinely used in commercial poultry diets. For
consumption of these cereals, there are a competition between humans and mono-gastric animals. Due to corn
crop limitation in Iran, approximately 50% of the corn required for poultry nutrition is supplied through imports.
Since triticale is more resistant to various diseases, dry weather and in similar culture and weather conditions can
produce higher yield than wheat, triticale considered as a crop suitable for cultivation in inefficient lands and its
culture in the world has being increased. The use of triticale in broiler feed has been limited because of the
presence of soluble non-starch polysaccharides components. The purpose of this study was to evaluate the
effects of different replacement levels of corn by triticale in grower diets with and without exogenous enzyme
supplementation on growth performance, relative weight of digestive organs, jejunal morphology, and intestinal
viscosity of broiler chickens.

Materials and Methods Five hundred 11 d old male broiler chicks (Ross 308), were assigned to a factorial
arrangement (5x2) with a completely randomized design with 5 replicates of 10 chicks each. The factors
included 5 levels of triticale replacement levels for corn (0, 10, 20, 30 and 40%) and 2 levels (zero and 0.5 g /kg
of diet) of enzyme cocktail “Xylanase & B-Glucanase” in the broiler grower diets. The experimental diets were
isocalric and isonitrogenous and fed ad-libitum from 11 to 24 d of age. The growth performance as mean body
weight at 24 d of age, daily weight gain, daily feed intake, and feed conversion ratio were calculated. At 24d of
age, one bird from each pen, close to the average pen weight was selected, weighed, and euthanized by cervical
dislocation. The gastrointestinal (Gl) tract organs were emptied and weighed. Approximately 1.5 g of wet weight
of the fresh digesta was immediately placed in a micro centrifuge tube and centrifuged at 12.700 x g for 5 min.
The supernatant viscosity was determined using a Brookfield digital viscometer (Model DV-m). About 0.5 cm in
length of the jejunum midpoint was taken, fixed in 10% neutral buffered formalin solution. The tissue samples
were treated in tissue processor apparatus, embedded in paraffin wax, transverse sections were cut (Sum
thickness) by using a rotary microtome and stained with Hematoxylin and Eosin (H&E) to prepare intestinal
slide. Morphological measurements of intestinal slide were performed by light Microscope on 9 vertically
oriented villus. The investigated morphological traits contained villus height, villus width, crypt depth, muscular
thickness, and the villus surface area.

Results and Discussion The weight in 24 d and daily weight gain and feed intake significantly decreased and
feed conversion rate significantly increased with increasing dietary level of triticale to 40%. The dietary enzyme
supplementation (xylanase and B-glucanase), significantly improved broiler growth performance, and reduced
adverse effects of high levels (40%) of triticale in grower diet. The poor growth performance of birds fed grower
diet with high (40%) level of triticale may be related to lower nutrient digestibility, or higher anti- nutrient
factors in triticale as compared to corn. The relative weights of whole gastrointestinal tract, gizzard, small
intestine, large intestine, and pancreas numerically increased with increased triticale level, the highest relative
weight of digestive organs was observed in the birds fed diet with 40% triticale level and the lowest one was
observed in the birds fed corn-soy based diet. The ileum chyme viscosity significantly increased with increase in
the dietary triticale level to 30 and 40%. Enzyme supplementation to grower diet caused a reduction in the
pancreas relative weights and ileum chyme viscosity. The significant increase in relative weight of digestive
organs of the birds with high level of triticale in their diet may be due to the enhanced function of these parts,
because of an increase in water soluble NSP and subsequent increase in chyme viscosity, which implying a
feedback mechanism in gut motility and thus size of this organ. The higher NSPs in triticale compared to corn
can increase digestive chyme viscosity and reduce endogenous enzyme-nutrient actions and their subsequent
substrates, leading to significant modifications of the structure and function of intestine. Therefore; to adapt to

1, 2- Assistant professor and professors respectively, Department of Animal Science, Faculty of Agriculture,
Ferdowsi University of Mashhad, Iran.
(*- Corresponding Author Email: h.zarghi@um.ac.ir)



1395 (4wl 2 o jlods 8 e (4l ol (018 pole (loiunghy 4y 312

these changes, the activities of the intestinal secretary mechanisms may be enhanced. Thus, this may lead to an
increase in the size of the gastro intestinal tract and pancreas weight. The villus height (VH) and crypt depth
(CD) significantly decreased and muscular thickens significantly increased with increased levels of triticale to
40% in diet. The birds fed 40% triticale showed shorter of the villi compared with the longer villi from birds fed
the corn-soy diet. Villus hight and VH/CD significantly increased and CD significantly decreased in birds fed
diet with enzyme supplementation compared to those fed diet without enzyme supplementation. Histological
observations on the small intestine epithelium of birds fed corn-triticale-soy diet showed morphological changes
in the jejunum (shortening, thickening, and atrophy of the villi). The birds examined in our study showed short,
thick, and damaged villi, especially with the higher level (40%) of triticale in diet compared to those fed a corn-
soy diet. The addition of enzymes supplementation to diet improved these histological alterations.

Conclusion This study revealed that 1) triticale can be used as an alternative source of grain in grower broiler
chickens’ diets. 2) Using up to 30% triticale in grower diet did not have any adverse effect on broiler chicken
performance. 3) The exogenous enzyme supplementation (xylanase and B-glucanase), significantly affectsbroiler
growth performance, and reduces anti-nutrient effects of high levels (40%) of triticale in broiler chickens’
grower diet.
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