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Extended Abstract

Background: Japanese quail belongs to Galiformes class, Phaside family, Coturnix genus and
Japonica species. The Japanese quail belongs to the order Galiformes, the family Phaside, the
genus Coturnix and the species Japonica. Thus, the scientific name is Japanese quail (Coturnix
japonica). As a new species, the quail produces eggs and meat that have a unique taste. The
Japanese quail belongs to the order Galiformes, the family Phaside, the genus Coturnix and the
species Japonica. Thus, the scientific name is Japanese quail (Coturnix japonica). Corn is a
high-energy grain that is the focus of most poultry producers. However, it is not always available
at an economical price so in our country, wheat waste may be a more economical and easily
available alternative. The higher amount of crude protein, amino acids lysine, methionine,
arginine, phenylalanine, alanine, tryptophan, threonine and valine in wheat compared to corn and
improving the quality of pellet in diets containing wheat are the advantages of this grain. The
purpose of this research was to investigate the effects of two levels of wheat with three methods
of milling and autoclaving and adding enzymes on the performance and blood metabolites of
growing Japanese quails.

Methods: In order to conduct this experiment, 560 one-day-old quail chicks were used in a
completely randomized design with 7 treatments and 4 replications and 20 chicks per replication.
The average weight of the chicks on the day of the experiment was 7.98 + 0.5 grams. The chicks
were raised for 42 days and had free access to water and feed throughout the experiment. The
light schedule was 22 hours of light and 2 hours of darkness, and standard rearing conditions
(temperature, light, ventilation) were observed.

This experiment was conducted to investigate the different levels wheat with different processing
on the yield, carcass traits and blood metabolites of growing Japanese quail was performed in
completely randomized design.This experiment was consisted of seven treatment, 1-control,
2-diet with %15 wheat, 3- diet with %15 wheat with enzyme, 4-diet with %15 autoclaved wheat
5-diet with %30 wheat, 6- diet with %30 wheat with enzyme, 7-diet with %15 autoclaved wheat.
This study, conducted with total of 560 3-d quails that non-sex-separated consisted of 7 treatments
and 4 replicates and each replicate consisted of 20 quails. The growth period for performance
evaluation ranged 3-42 days.

At 42 days of age, the weight of the birds was recorded first, then 2 birds of each sex per replicate
(8 birds per treatment) were randomly selected and then slaughtered by cutting the vein and tail.
After filling, cutting off the legs and removing the intestines, the weight of the whole carcass and
its various parts (breast, thigh, ...) was recorded. Then, by dividing the weight of each carcass part
by the live weight before slaughter, the ratio of each part was calculated. After opening the
abdomen, the organs of the liver (without the gallbladder), gizzard, forestomach, duodenum,
jejunum, and ileum were separated and their weights were measured, and the relative weight of
the internal organs was calculated. To examine the morphological characteristics of different parts
of the small intestine, a section of each duodenum, jejunum, and ileum was cut perpendicular to
the longitudinal axis of the intestine and fixed in formalin. Transverse sections of 3 um thickness
were cut with a microtome (Leica Microsystems, Rijswijk, The Netherlands) and fixed after
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staining with hematoxylin-eosin on a slide. Images of the samples on the slide were taken using
a light microscope equipped with a 3-megapixel camera (BEL Photonics®, Milan, Italy), and
morphological indices of the jejunum were determined using software (BEL Eurisko v.2.9
software; BEL Engineering, Monza, Italy). Morphological traits measured included villus length,
width, and area. Ten villus from each section were examined.

Results: The results showed that the control and 15% wheat with enzyme treatments had higher
BW and ADG at 42 days and the lowest ones was observed in the 30% wheat without enzyme
treatment (P <0.05). The effect of different experimental treatments on feed conversion ratio in
the period of 21 to 42 days was significant (P <0.05) so that the control treatment had the lowest
feed conversion and the treatments containing wheat at levels %15 and %30 had the highest feed
conversion ratio. Regarding the relative weight of breast and thigh, there was a significant
difference between different experimental treatments (P <0.05) and the highest weight was related
to control treatment and 15% with enzyme wheat. Different experimental treatments did not affect
a significant effect at total cholesterol (P<0.05), but this trait was significantly differ between the
two sexes (P> 0.05) and the female sex had higher total serum cholesterol than the male. Duodenal
villi area was significantly affected by different experimental treatments (P<0.05), in the
treatments containing enzyme with both levels of feed grade wheat had the highest amount in
compared to other treatments.

Conclusion: In general, it can be concluded that due to some reason such as age,... at the
beginning of the production period, high level of wheat with any processing methods, did not
included in diet,but during the growth period, can use 15% of wheat supplemented with 500 grams
per kilogram of multi-enzyme.
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Table 2. Effect of different treatment on body weight in quails at 1 — 42 days

(%) o o9 ]
Body weight (g) einlesl ol los
i ¥Y Sin M &S ) Treatments
42d 21d 1d

20833 84.00° 7.80 Js
Control
202.66 70.15° 8.13 Loy \avfl_xl;_g
351 ol o Mo VO pAS

210.66° 92.642 7.80 2 L elyed Jo)dNa o
W15+ENZ
204,00 83.84% 8.06 ol oW %\'/ ?5?:3 Tegé
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351 ol pos o Y+ oS

201.33% 75.89° 7. mPLh ol ho )t p
01.33 5.89 98 WA0+ENZ
197.00° 78.89° 8.15 0B oM g5l luo V' puiS
W30+AUTOC
3.80 4.97 0.145 SEM
0.006 0.006 0.388 P-value
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*b Means in the same column with no common superscripts differ significantly (P < 0.05).
Treatments : Control (Con), Wheat 15% (Wng Wheat 15% + enzyme (W15+ENZ), Wheat 15% + autoclaved (W15+AUTOC), Wheat 30% (W30),

Wheat 30% + enzyme (W. 0+ENZ) Wheat 30
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Table 3. Effect of different treatments on feed intake and feed conversion in quails at 1 —42 days

(5922 £5) Shygs Spae

5T RN o

g{:ﬁh’}' sbjlos Feed intake (g/d) R (g/9)
reatments 121d 21-42d 1424 121d 21-42d 1424
Jas 29.07% 26.612 28.45% 2.54° 4.71° 3.65°
Control
2020 pu§ 19.69¢ 23.78b¢ 21.74% 3.17% 5.09% 4.232
W15
Pl olyon 10 )2V0 puiS
w2y oo do) P 2 ab a c b c
WI5ENZ 29.33 26.57 28.45 2.54 452 3.67
o oM gil 002\ puiS b b b ab ab b
WISAUTOC 24.10' 26.00 25.05' 3.13 5.01 3.83
oY pas d o 3 a a a
W30 18.48 21.98 20.23 3.37 5.57 4.37
3l olyon Jo Ve puiS
w2y oo do) P b ab ab c b be
W304ENZ 26.75 25.82 26.29 2.70 4.63 3.78
0l oM gil do )3 e puis dc b dc ab ab b
W30+AUTOC 22.34 23.55 22.95 3.16 5.02 4.09
SEM 1.06 0.943 0.434 0.09 0.10 0.08
P-value 0.040 0.003 0.007 0.031 0.047 0.011
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*b Means in the same column with no common superscripts differ significantly (P < 0.05).
Treatments : Contro | (Con), Wheat 15% ( W15), Wheat 15% + enzyme (W15+ENZ), Wheat 15% + autocloved (W15+AUTOC), Wheat 30% (
W30), Wheat 30% + enzyme (W30+ENZ), Wheat 30% + autocloved (W30+AUTOC)
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Table 4. Effect of different treatment on carcass traits percentage in quails at 42 days
25 oy Culy oy oy doy Ko Moy asY dop inlef] sla o
%Neck %Back %Thigh % Breast % Carcass Treatments
o5 ojg o5 Voo [plal g
Organ weight g/ 100 g live weight

3.93 7.08 24.57° 30.36° 87.18° Js
Control
b b b ALY
3.63 7.85 22.19 26.96 78.23 W15
3L ol yor 1o 310 puiS

ab ab a 2P L olyod Jo), f
4.47 6.73 23.11 28.01 85.47 WA5+ENZ
b b b ol oM gl Wo 210 puiS
3.90 6.49 22.88 28.32 80.90 W15+AUTOC
b b b Jop Ve puis
3.42 6.08 21.73 25.94 76.35 W30
3L ol yors Lo 3V puiS

b b b 2P L olyed Lo SV e o
3.34 5.68 21.71 25.39 77.80 W30+ENZ
b b b odd gMS gl o yo¥+ puS
3.92 6.00 21.32 27.22 77.95 W30+AUTOC
0.267 0.401 0.870 0.938 1.69 SEM
o
Sex
3.60 7.43 20.83 27.25 80.41 ole
Female
4.0 7.41 21.51 27.66 80.70 Mal:
0.142 0.21 0.465 0.501 0.907 SEM
P-Value
0.187 0.235 <.0001 0.015 0.0002 o
Treat
0.151 0.949 0.305 0.560 0.824 ge‘;

[0 o (3 gyl S dne Sglis ks g b 53 Al pE gy 20
pu5 (W30) aoys¥- puiS (WIE+HAUTOC) o0 oM 551 20 )0V piS (WIEHENZ) 0353l L olya o )33 paiS (W15) 10 )330 puiS (CON) S o5 & Lol —
(W30+AUTOC) 005 gMS g5l o oY+ S (WB0+ENZ) 351 b of o i oY+

*b Means in the same column with no common superscripts differ significantly (P < 0.05).
Treatments : Control (Con), Wheat 15% (W15), Wheat 15% + enzgme (W15+ENZ), Wheat 15% + autocloved (W15+AUTOC), Wheat 30% (W30),
Wheat 30% + enzyme (W. 0+ENZ) Wheat 30% + autocloved (W30+AUTOC)
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Table 5. Effect of different treatments on relative weight of internal organs in quails at 42 days
odze ey R, Jbxbs s x5

Proventriculus Gizzard Spleen Heart Liver whilej] slajles
(Organ weight g/ 100 g live weight) o5 ;35 p,5 V- + /plul o3 Treatments
0.673 2.33 0.079 0.641 254 Js
Control
Loyd VO puS
0.500 2.58 0.092 0.822 3.37 W15
3l Lol yor 1o 2V0 puiS

Pl L olyeR Ao)dNR o
0.501 2.85 0.107 1.019 3.57 WI5+ENZ
ol g MS” gl Wo 210 puiS
0.416 2.24 0.065 0.812 3.32 WIS+AUTOC
Lo Yo pus
0.465 2.27 0.105 0.879 3.01 W30
3l Lol yor o Ve puiS

Pl L olyeR oS
0.555 2.46 0.098 0.875 3.48 W30+ENZ
ol oM gl wo Y puiS
0.478 2.42 0.076 0.868 3.09 W30+AUTOC
0.031 0.124 0.015 0.052 0.244 SEM
o
Sex
0.527 2.58 0.101 0.856 3.29 oske
Female
0.498 231 0.077 0.834 3.10 Mal:
0.017 0.06 0.008 0.028 0.130 SEM
P-Value
0.111 0.120 0.362 0.112 0.080 oo
Treat
0.228 0.107 0.046 0.594 0.323 LS);(?

<l [0 g )3 (G ol Sl gnn gl Sl (g 53 wlie é By P
puiS (W30) ao ¥ paiS (WIS+AUTOC) 0 oM g5l 1u0)33D piS (WISHENZ) 0551 L ol o 100,330 piS (WI5) 1oy3 10 S ((CON) S i 5 44 s jlos —
(WB0+AUTOC) o5 gM5" g3l duoys¥'+ puiS (WB0+ENZ) 051 b oo oo+
*b Means in the same column with no common superscripts differ significantly (P < 0.05).
Treatments : Control (Con), Wheat 15%(W15), Wheat 15% + enzyme (W15+ENZ), Wheat 15% + autocloved (W15+AUTOC), Wheat 30% (W30),
Wheat 30% + enzyme (W30+ENZ), Wheat 30% + autocloved (W30+AUTOC)
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Table 6. Effect of different treatment on some blood metabolites in quails at 42 days

. apndls b Jg il . .
oy il b Jg s ) cba YU s U g S S5 Jg s’ 3 panedS 3
553 pySebe ) ol o T e 2 53 pySelie ) 2 p)Seke) 2losT clalos
[ f()MJ o8 w})bf)w) ():‘:JM-’)JP)S?.J?:") F ()MJ ,.,.) iolejl (la,lo
o () HDL-C = o Treatments
VLD/Id_I-_C LDL-C (mg/dL) Total Ch/odIEsteroI T/(c;i L
m - m m
(mg/dL) (mo/dL) (mg/dL) (mg/dL)
24.00 51.25 90.25 18550 88.25 Js
Control
35.93 49.73 107.17 192.83 119.50% ”)iN\l“sP”
1Ll Juo )2V pAS
. 44, . 172. 189.50° Pl L ol 2o)310
38.50 50 89.00 00 89.50 P
30.13 43.20 99.83 17317 95.16 015 g gl 102V0 puiS
W15+AUTOC
38.66 73.00 115.17 226.83 116.83° dop Ve puS
W30
5L ol do 3V oS
. ) . 182. 165.672 Pl L ol b )3T
33.30 60.53 88.66 82.50 65.6 el
40.56 47.10 109.83 197.50 125.33% 015 oM gl o 2¥'+ oS
W30+AUTOC
4.64 8.80 6.22 13.87 19.88 SEM
o
Sex
40.90° 55.39° 113.48° 204.50° 139.93% sdle
Female
27.98 50.120 80.78" 164.17° 114.43° M«;'Ie
2.48 470 3.32 7.41 8.63 SEM
P-Value
0.186 0.226 0.001 0.011 0.015 o
Treat
0.001 0.034 <.0001 0.001 0.039 ‘é:;?

ol o[+ aws 3 gyl Iy gxe gl Kol gty ,d Alie pé g

b

Jo e puiS (WISHAUTOC) o oM g5l 10310 piS (WISHENZ) 3l b olyos 20310 piS (W15) 1310 ptiS (CON) JiiS w5 s oyl —
(W30+AUTOC) 615 oMS" g5l o y3¥'+ piS (WBO+ENZ) 3l L olyen o j3¥'+ paiS ((W30)

*b Means in the same column with no common swerscripts differ significantl

Treatments : Control (Con), Wheat 15% ( W15),

heat 15% + enzyme (W15+

y % < 0.05).
ENZ), Wheat 15% + autocloved (W15+AUTOC), Wheat 30% (W30),

Wheat 30% + enzyme (W30+ENZ), Wheat 30% + autocloved (W30+AUTOC)


http://dx.doi.org/10.61882/rap.16.1.1
http://rap.sanru.ac.ir/article-1-1404-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-10 ]

[ DOI: 10.61882/rap.16.1.1]

Glloo o3 cage g ol e (oobls 2l lool g, SKus 1ya5
Ve g.gi)b 039, L;wh.wwb 9 PP d[!bpujylw ‘.)).Q.o& » u.ol.) P.)Jf )I ozl =

i ¥V 2y Jb 53 sl il peings (wliscdl p atalejl Cilisee glajles -V Jgio
Table 7. Effect of different treatment on Jejunum histology in guails at 42 days

Vl’ﬂéﬁzﬁrea Villus Helgm/tlcl))crypt depth Crypt depth (1) Vﬂ]u(su\gvmth Vﬂ]u?uk-)lelght Treatments
1036.90 5.40% 206.00% 205.50 1122.50% Js
Control
993.15 419 227.00° 21350 961.00° ey ”’\Af/*l‘g
51 ol yon Mo 2V puiS

a b a Pl L olyed 12310 p.
1129.28 5.75 196.00! 200.00 1148.00 Wi5+ENZ
b " " 0l oM g5l Lo )dV0 puiS
1083.78 5.05 213.00¢ 183.50 1154.50 WIS+AUTOC
b a b dopd Yo pus
980.95 4.60° 221.00¢ 186.00 988.00' W30
51 olyon dopa¥e puiS

a b 2 2P L elyed Jo T p.
1196.70 5.53 193.50' 180.50 1129.00 W30+ENZ
b 2 b osd oM g5l duojo¥e puS
1020.55 4.57 211.50 210.00 1023.50 W30+AUTOC
76.52 0.280 9.55 9.68 48.15 SEM
o
Sex
1111.24 5.24 216.14 200.29 1101.14 oo
Female
1000.56 4.99 223.29 193.71 1020.71 Maléﬁ
40.90 0.15 5.10 5.17 25.73 SEM
P-Value
0.095 <.0001 <.0001 0.077 0.013 o5
Treat
0.157 0.135 0.324 0.371 0.128 o
Sex

ol o[+ aws > gylel Yy xe glis JKily ot ,d Alie e g P
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*b Means in the same column with no common superscrigts differ significantly (p < 0.05

).
Treatments : Control (Con), Wheat 15% (W15), Wheat 15% + enzyme (W15+ENZ), Wheat 15% + autocloved (W15+AUTOC), Wheat 30% ( W30),
Wheat 30% + enzyme (W30+ENZ), Wheat 30% + autocloved (W30+AUTOC)
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Table 8. Effect of different treatment on Jejunum histology in quails at 42 days
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b Means in the same column with no common superscripts differ significantly (P < 0.05).

Treatments : Control (Con), Wheat 15% ( Wlsg, Wheat 15% + enzyme (W15+ENZ), Wheat 15% + autocloved (W15+AUTOC), Wheat 30% (W30),
Wheat 30% + enzyme (W30+ENZ), Wheat 30% + autocloved (W30+AUTOC)
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Table 9. Effect of different treatment on lleum histology in quails at 42 days
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b Means in the same column with no common superscripts differ significantly (P < 0.05%.
Treatments : Control (Con), Wheat 15% ( W152|, Wheat 15% + enzyme (W15+ENZ), WI
eat 30% + autocloved (W30+AUTQOC)

(W30), Wheat 30% + enzyme (W30+ENZ), WI

2 WU o 51 (99381 b 3 Y gudd Cugloy p3 als
Morgan & ) cul oid i)li5 (b5 (sladssr oy
.(Bedford,1995

byl Oyge ialojl 5l esel Cunddy gt sl 4
0jg pegada (3 es Clas 3y90 338 ol Gl
bgiye 0y93 il 133, 8es cpyee oh 039 ol oo
V0 slas 3ySdas 0k oy GBI L (Jg 092 S8 e &
2l 3y90 )3 03,5 S35 o alitio w3l L puiS oy
sebas I el JYazul BB Sg) ot Lo y& 35 adoxial )
sl o oky oyl Cowlus 4 dg b cdS g 0 K
s paS Y polaw cunl s Sian ¥ L.Uy 09
Folgice 485 0593 53 Iy 255 o3l (55918 b ol
pS O maw bolyen w93 0 0 b paS Moy VO
Dy oy mpl pSehS )

References

eat 15% + autocloved (W15+AUTOC), Wheat 30%

NSP luis wo Ol musy sly sdas pudlSo 42
Bedford & Schulze, 1998;) cusl oud dlpsiny
O dgunS” oy bl 4 pandlSo 14l L(Bedford., 2000
slodsbe > Jsko o)lg> dluwgas (S99 atwlis
joSamg Gl b sl (agd Lol Lo o pUIS p yrang
g o0 bl Ol )3 Jsloee (GlANSP lawgs a5 euits dlgo
Carre et al.,2002; Carre et al.,2005; ) col bls)l )
Olgeas Ol )3 Jaloxe NSP b5 lais (Carre et al.,2007
odizd yialS 5 oudd dlge dljeSugy odmd il
o1 45t > Slac. 5 (sike lgo (s ) 5 o o5
(Choct et al., 1996; Choct & Annison, 1992) <.l
dgup Nlg3 o () w5l oolil wSle las gl o
ol dw BNy Ab 0ald L Lol Cpe 50 08 bl
P (Slite slagl a3l g g b g pS by o L
JoSo (gt SIS 09)5 53 213 a8 55 b (15 9y,
Log)S 55 5 b ialS 20> OV/B (fjecy Ay (o0 5]
5 ooid 03lo y5u ¢ ) Sl 203 Yo/ a3l JoSe

Abd El-Hack, M. E., Chaudhry, M. T., Mahrose, K. M., Noreldin, A., Eman, M., & Algawany, M. (2017a). The

efficacy of using exogenous enzymes cocktail on production, egg quality, egg nutrients and blood metabolites
of laying hens fed distiller’s dried grains with solubles. Journal of Animal Physiology and Animal Nutrition,

24(3), 12820-12825.


http://dx.doi.org/10.61882/rap.16.1.1
http://rap.sanru.ac.ir/article-1-1404-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-10 ]

[ DOI: 10.61882/rap.16.1.1]

Gllao (o3 gage g ol et (bl b lool (g SKus a5
WY VEF /Y ojlous [pmd 3l Jlo (ools Slides sla yingss

Abd El-Hack, M. E., Alagawany, M., Laudadio, V., Demauro, R., & Tufarelli, V. I. N. C. E. N. Z. O. (2017).
Dietary inclusion of raw faba bean instead of soybean meal and enzyme supplementation in laying hens:
Effect on performance and egg quality. Saudi Journal of Biological Sciences, 24(2), 276-285.

Aeamovie, T. (2001). Current applications of dietary enzymes in poultry feeding, commercial application of
enzyme technology, Poultry Science, 57, 225-242.

Al-Kaisey, M. T., Mohammed, M. A., Alwan, A. K. H., & Mohammed, M. H. (2002). The effect of gamma
irradiation on the viscosity of two barley cultivars for broiler chicks. Radiation Physics and Chemistry, 63(3-
6), 295-297.

Amerah, A. M. (2015). Interactions between wheat characteristics and feed enzyme supplementation in broiler
diets. Animal Feed Science and Technology, 199, 1-9.

Amerah, A. M., Gilbert, C., Simmins, P. H., & Ravindran, V. (2011). Influence of feed processing on the efficacy
of exogenous enzymes in broiler diets. World's Poultry Science Journal, 67(1), 29-46.

Amerah, A. M., Ravindran, V., & Lentle, R. G. (2009). Influence of wheat hardness and xylanase
supplementation on the performance, energy utilisation, digestive tract development, and digesta parameters
of broiler starters. Animal Production Science, 49(1), 71-78.

Amerah, A. M., Ravindran, V., Lentle, R. G., & Thomas, D. G. (2007). Feed particle size: Implications on the
digestion and performance of poultry. World's Poultry Science Journal, 63(3), 439-455.

Amerah, A. M., Ravindran, V., Lentle, R. G., & Thomas, D. G. (2008). Influence of particle size and xylanase
supplementation on the performance, energy utilisation, digestive tract parameters and digesta viscosity of
broiler starters. British Poultry Science, 49(4), 455-462.

Annison, G. (1991). Relationship between the levels of soluble nonstarch polysaccharides and the apparent
metabolizable energy of wheats assayed in broiler chickens. Journal of Agricultural and Food Chemistry,
39(7), 1252-1256.

Banfield, M. J., Kwakkel, R. P., & Forbes, J. M. (2002). Effects of wheat structure and viscosity on coccidiosis
in broiler chickens. Animal Feed Science and Technology, 98(1-2), 37-48.

Bedford, M. (2000). Removal of antibiotic growth promoters from poultry diets: implications and strategies to
minimise subsequent problems. World's Poultry Science Journal, 56(4), 347-365.

Bedford, M. A., & Schulze, H. (1998). Exogenous enzymes for pigs and poultry. Nutrition Research
Reviews, 11(1), 91-114.

Berwanger, E., Nunes, R. V., Pasquetti, T. J., Murakami, A. E., de Oliveira, T. M. M., Bayerle, D. F., & Frank,
R. (2016). Sunflower cake with or without an enzymatic complex for broiler chickens feeding. Asian-
Australasian Journal of Animal Sciences, 30(3), 410.

Carré, B, Idi, A., Maisonnier, S., Melcion, J. P., Oury, F. X., Gomez, J., & Pluchard, P. (2002). Relationships
between the digestibilities of food components and characteristics of wheats (Triticum aestivum) introduced
as the only cereal source in a broiler chicken diet. British Poultry Science, 43(3), 404-415.

Carré, B., Mignon-Grasteau, S., Péron, A., Juin, H., & Bastianelli, D. (2007). Wheat value: improvements by
feed technology, plant breeding, and animal genetics. World's Poultry Science Journal, 63(4), 585-596.
Carré, B., Muley, N., Gomez, J., Oury, F. X., Laffitte, E., Guillou, D., & Signoret, C. (2005). Soft wheat instead
of hard wheat in pelleted diets results in high starch digestibility in broiler chickens. British Poultry

Science, 46(1), 66-74.

Choct, M. (1990). Anti-nutritive activity of wheat pentosans in poultry diets. British Poultry Science, 31, 809-
819.

Choct, M., Hughes, R. J., Wang, J., Bedford, M. R., Morgan, A. J., & Annison, G. (1996). Increased small
intestinal fermentation is partly responsible for the anti-nutritive activity of non-starch polysaccharides in
chickens. British Poultry Science, 37(3), 609-621.

Choct, M. (2006). Enzymes for the feed industry: past, present, and future. World's Poultry Science
Journal, 62(1), 5-16.

Choct, M., Kocher, A., Waters, D. L. E., Pettersson, D., & Ross, G. (2004). A comparison of three xylanases on
the nutritive value of two wheats for broiler chickens. British Journal of Nutrition, 92(1), 53-61.

Choct, M., & Annison, G. (1992). Anti-nutritive effect of wheat pentosans in broiler chickens: Roles of viscosity
and gut microflora. British Poultry Science, 33(4), 821-834.

Choct, M., Hughes, R. J., Trimble, R. P., Angkanaporn, K., & Annison, G. (1995). Non-starch polysaccharide-
degrading enzymes increase the performance of broiler chickens fed wheat of low apparent metabolizable
energy. The Journal of Nutrition, 125(3), 485-492.

Engberg, R. M., Hedemann, M. S., Steenfeldt, S., & Jensen, B. B. (2004). The influence of whole wheat and
xylanase on broiler performance, microbial composition, and activity in the digestive tract. Poultry
Science, 83(6), 925-938.

Ikegami, S., Tsuchihashi, F., Harada, H., Tsuchihashi, N., Nishide, E., & Innami, S. (1990). Effect of viscous
indigestible polysaccharides on pancreatic-biliary secretion and digestive organs in rats. The Journal of
Nutrition, 120(4), 353-360.

Kianfar, R., Moravej, H., Shivazad, M., Taghinejad-Roudbaneh, M., & Alahyari Shahrash, M. (2013). The effects
of dry heat processing, autoclaving, and enzyme supplementation on the nutritive value of wheat for growing
Japanese quails. Journal of Applied Animal Research, 41(1), 93-102.

Minvielle, F. (2004). The future of Japanese quail for research and production. World's Poultry Science
Journal, 60(4), 500-507.

Moghaddam, H. N., Salari, S., Arshami, J. A. V. D., Golian, A., & Maleki, M. O. H. S. E. N. (2012). Evaluation
of the nutritional value of sunflower meal and its effect on performance, digestive enzyme activity, organ


http://dx.doi.org/10.61882/rap.16.1.1
http://rap.sanru.ac.ir/article-1-1404-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-10 ]

[ DOI: 10.61882/rap.16.1.1]

Glloo (o3 gape g ol daius ((oobls zls ol g SKus 1ya;
AN ggi)b 039, quwb 9 u)? Lgl,lbpujylm ‘J).g.o& » u.ol.) PJJ; )I ozl =

weight, and histological alterations of the intestinal villi of broiler chickens. Journal of Applied Poultry
Research, 21(2), 293-304.

Morgan, A. J.,, & Bedford, M. R. (1995). Advances in the development and application of feed enzymes.
Australian Poultry Science Symposium, 7, 109-115.

National Research Council, & Subcommittee on Poultry Nutrition. (1994). Nutrient Requirements of Poultry:
1994. National Academies Press.

Okan, F., Uluocak, A. U., Kutlu, H. R.,. & Canogullari, S. (1995). Effect of replacing wheat with barley and
supplemental enzyme in the diet on fattening performance of Japanese quail. British Poultry Science, 36,862-
863.

Owoyele, B. V., Adebayo, J. O., Muhammad, N. O., & Ebunlomo, A. O. (2003). Effect of different processing
techniques of turban meal on some hematological indices in rats. Nigerian Journal of Pure Applied.
Science, 18, 1340-1345.

Ravindran, V. (2013). Feed enzymes: The science, practice, and metabolic realities. Journal of Applied Poultry
Research, 22(3), 628-636.

Ravindran, V., Selle, P. H., & Bryden, W. L. (1999). Effects of phytase supplementation, individually and in
combination, with glycanase, on the nutritive value of wheat and barley. Poultry Science, 78(11), 1588-1595.

Rotter, B. A., Friesen, O. D., Guenter, W., & Marquardt, R. R. (1990). Influence of enzyme supplementation on
the bioavailable energy of barley. Poultry Science, 69(7), 1174-1181.

Skrede, G., Herstad, O., Sahlstream, S., Holck, A., Slinde, E., & Skrede, A. (2003). Effects of lactic acid
fermentation on wheat and barley carbohydrate composition and production performance in the
chicken. Animal Feed Science and Technology, 105(1-4), 135-148.

Skrede, G., Sahlstrem, S., Skrede, A., Holck, A., & Slinde, E. (2001). Effect of lactic acid fermentation of wheat
and barley whole meal flour on carbohydrate composition and digestibility in mink (Mustela vison). Animal
Feed Science and Technology, 90(3-4), 199-212.

Svihus, B., Newman, R. K., & Newman, C. W. (1997). Effect of soaking, germination, and enzyme treatment of
whole barley on nutritional value and digestive tract parameters of broiler chickens. British Poultry
Science, 38(4), 390-396.

Vali, N. (2008). The Japanese quail: A Review. International Journal of Poultry Science, 7, 925-931.

Viveros, A., Brenes, A., Pizarro, M., & Castafio, M. (1994). Effect of enzyme supplementation of a diet based
on barley and autoclave treatment, on apparent digestibility, growth performance, and gut morphology of
broilers. Animal Feed Science and Technology, 48(3-4), 237-251.

Wiseman, J. (2006). Variations in starch digestibility in non-ruminants. Animal Feed Science and Technology,
130, 66-77.


http://dx.doi.org/10.61882/rap.16.1.1
http://rap.sanru.ac.ir/article-1-1404-fa.html
http://www.tcpdf.org

