Research on Animal Production, Vol. 15, Issue 3, 2024 p: 96-107

Sari Agriculture Sciences and Natural
Resources University

Research Paper

Effect of Phytase Enzyme and Diet Type based on Corn or Wheat on
Physical Pellet Quality, Growth Performance, Intestinal Morphology and
Tibia Characteristics in Broiler Chicks

Mojgan Salmanian?, Mahmoud Shams Shargh?**, Ahad Yamchi® and
Mohammad Hossein Mohammadi Ghasem Abadi*

1- Ph. D. In Poultry Nutrition, Department of Animal and Poultry Nutrition, Faculty of Animal Sciences, Gorgan
University of Agricultural Science and Natural Resources, Gorgan, Iran
2- Associate Professor, Department of Animal and Poultry Nutrition, Faculty of Animal Sciences, Gorgan University
of Agricultural Science and Natural Resources, Gorgan, Iran, (Corresponding author: m_shams196 @yahoo.com)
3- Associate Professor, Department of Biotechnology, Faculty of Plant Production, Gorgan University of Agricultural
Science and Natural Resources, Gorgan, Iran
4- Ph. D. In Poultry Nutrition, Faculty of Animal Science, University of Tehran, Tehran, Iran

Received: 29 January, 2024 Accepted: 7 May, 2024

Extended Abstract
Background: It is very important to choose the right host for the production of phytase enzyme.
Commercial phytase enzymes are produced in bacterial and fungal hosts that can be
contaminated with toxic host metabolites. Therefore, to solve this problem, it is recommended
to use probiotics as a host. Yeast Saccharomyces boulardi probiotic is a non-pathogenic yeast
that does not have the ability to permanently settle in the intestine. The aim of this study was to
investigate the effects of two types of commercial phytase (histidine phosphatase group) and
recombinant phytase enzymes obtained from Saccharomyces boulardi yeast (purple acid
phosphatase group) in corn and or wheat-based diets on pellet physical quality, growth
performance, intestinal morphology and tibia characteristics of broiler chicks.
Methods: First, the activity level of two types of phytase enzymes was measured and compared
by t-test. Then, an experiment was conducted with 4 dietary treatments in the form of a
completely randomized design with a factorial arrangement of 2x2, including two types of
hytase enzymes (purple acid phosphatase and histidine phosp_hatasez and two types of diets
ased on corn or wheat. In this experiment, 336 one-day-old chicks of the Hubbard Flex strain
were used in 6 replications (14 birds per each pen). The average body weight gain, feed
consumption, feed conversion ratio and European production efficiency factor of experimental
treatments were recorded at the age of 10, 24 and 41 days. At the end of the experiment, after
starvation and final weighing (41 days old), two male chickens from each experimental unit that
had the closest weight to the average of their group were killed to measure the morphological
intestine and tibia characteristics. The pellet strength of the final diets of the experimental
treatments was also measured by the Holman method. The data were statistically analyzed by
Minitab statistical software (version 18) and general linear model procedure. Means compared
byTukey's test at 5 percent probability level.
Results: The production of recombinant phytase enzyme in the yeast Saccharomyces boulardi
probiotic in the fermenter showed that the production efficiency was 400 and 150 grams per
liter, respectively, for wet and dry yeast precipitation. Also, measuring phytase enzyme activity
showed that the phytase activity in histidine phosphatase was about 2 times higher than of
purple acid phosphatase (p< 0.05). The effect of the type of diet, the type of phytase enzyme and
the interaction between them during different rearing periods in terms of body weight gain
(except at the age of ten days), feed consumption, feed conversion ratio and percentage of the
European production efficiency index of the whole period, no significant difference was
observed. Until the age of ten days, chicks fed by corn-based diet containing histidine
phosphatase had the lowest body weight gain compared to chicks fed with corn-based diet
containing purple acid phosphatase and wheat-based diet containing histidine phosphatase. The
interaction between enzyme and diet type (corn and or wheat) were significant for intestinal
morphological o ) _ characteristics
(p< 0.05). So, chicks fed corn-based diet with purple acid phosphatase addition had the highest
villus surface area and the lowest number of goblet cells In the duodenum and jejunum
compared to other experimental treatments (p< 0.05). The highest villus length and the ratio of
villus length to crypt depth and the lowest crypt depth were observed in the duodenum area of
chicks fed corn or wheat-based diets containing purple acid phosphatase compared to other
experimental treatments (p< 0.05). No statisticall significant difference was observed for the
crypt depth in the duodenum and jejunum between the chickens fed by corn or wheat based diet
containing purple acid phosphatase. Compared to other experimental treatments, the highest
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crypt depth in the duodenum and jejunum belonged to the chickens fed corn or wheat based diet
and wheat based diet containing histidine phosphatase (p< 0.05).

Although the ash content of tibia in the treatment of purple acid phosphatase was lower than that
of histidine phosphatase enzyme (p< 0.05), there was no difference between the two types of
phytase enzyme in the percentage of dry matter, bone density and bone strength. The interaction
of the type of phytase enzyme and the diet type on the pellet strength of finisher diet was
significant (p< 0.05). Compared to other experimental treatments, wheat-based finisher diets
had higher pellet strength than corn-based diet (p< 0.05). ) ]

Conclusion: This research was the first report on the production of recombinant phytase
enzyme of purple acid phosphatase group in yeast Saccharomyces boulardi and its interaction
compared to commercial histidine phosphatase group in corn and wheat based diets in broiler
chickens as an additive in poultry diet. The results of this research showed that the types of
phytase enzymes had no significant effect on the growth performance. However, the effect of
recombinant phytase enzyme on intestinal morphological traits and the effect of commercial
phytase enzyme on the percentage of tibia bone ash were different. According to the results
presented about the effect of the type of grain used on the growth performance of broiler
chickens, no significant difference was observed. Also, the effect of wheat in increasing the
strength of the pellet, cultivated Iranian wheat can be a suitable alternative to corn for feeding
chickens. Therefore, based on all the characteristics investigated in this study, the recombinant
phytase enzyme had the ability to compete with coated commercial enzyme.
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wheat-based corn-based  wheat-based corn-based  wheat-based corn-based

- 65.21 - 62.74 - 56.57 (CP=Id) &5
Corn
72.56 - 69.69 - 62.84 - (CP=1+/8) pais
Wheat
19.92 28.14 24.06 31.96 3071 37.83 (CP=¥Y/8) Ly dlos
Soybean meal
2.89 2.11 2.32 157 2.31 1.62 B o)
Canola oil
0.64 0.79 1.04 118 1.23 1.36 Sl s (0
Di-calcium phosphate
1.13 1.08 1.02 0.97 1.02 0.97 S S
Calcium carbonate
0.03 0.14 0.04 0.14 0.12 0.22 Sai
Salt
0.39 0.32 0.43 0.27 0.35 0.21 Al
Baking soda

Yoo ) .
05 05 05 05 05 05 _ (shaelizg 9 (ino JoSSo
Mineral and vitamin supplement
0.41 0.24 0.38 0.21 0.36 0.21 bS50 cpsi-J)
L-lysine hydrochloride
0.28 0.28 0.29 0.29 033 0.34 opgeJl 6
DL-methionine
0.17 0.11 0.15 0.09 0.15 0.09 osgi-Jl
L-threonine
0.05 0.05 0.05 0.05 0.05 0.05 Slilgpipns o
Coccidiostat
0.03 0.03 0.03 0.03 0.03 0.03 Vgt g 5ld pail ggecne
1 1 - - - - ol (25 0L
External indicator of silica
3057 3057 3008 3008 2043 2943 S g g JB 5
Metabolizable energy (Kcal/kg)
18.34 18.34 19.85 19.85 22.07 22.07 (W)pE (59
Crude protein (%)
i L 3
1.03 1.03 1.11 111 1.24 1.24 e JB s
Digestible lysine (%)
0.81 0.81 0.84 0.84 0.93 0.93 - (00) e L et igite
Digestible methionine + cystine (%)
. . 7 7 81 81 et J5 gy
069 069 073 0738 08 08 Digestible threonine (%)
84 84 91 91 . . (7)o
0.8 0.8 0.9 0.9 0.96 0.96 Calcium (%)
0.36 0.36 0.43 0.43 0.47 0.47 (%) ol s
Phosphorus available (%)
0.16 0.16 0.17 0.17 0.18 0.18 () o
Sodium (%)
1 A A 1 22 .22 (%) 5
0.18 0.18 0.18 0.18 0 0 Chlorine (%)
194 200 217 221 234 238 (P 98T (¥l S ko) g iUl Jolos

Electrolyte balance (milliequivalents/kg)

Koot gyhundSAsS ¢ Mol dnly Yeooe VD B A puoling (clyr SbL g A5 0pjlel 0 Cud ity o p)SohS o > Sidme dlge g b pualing laie —
¥eog¥e &v il 035 oo Vo ) VO iopw¥ed 035 oo +/oN g o/oN o/ Y Bro yoling ¢ Malliys anly 809 0 Vo B aling ¢ Mol sy Yoo g YO
Yoo g Tee oo iodsS tpS ke Vo ¥ ¥ il )5 e 7 9 5 A singdlism o) e ¥ g ¥ s gt S iske o g Ve 0D Sl o 1,5 L
Ve g Ve Fe i(nl Glidgw) ol 40,5 o Vg ) o) sfomaddS Slb) by 4,5 o Ve g Ve Ve (o Sldgus) (o £p)5 Juo /D 5 [0 /0 1o lapS Sl 5 )5 Lo
Sk A g A Ae g9y ST 595 9 S e 1Y 9 IV IV H{ma Sibs) poilis tp)5 o A g Ar A {5350 2T 31500 )5 e
1oV (Blo g (ST o o 5 e Ve jld ool 5l 5 00) kb il o)y o/ e D (gols Bland padin soly clajles oy )3 5ld anlg B el Ca Y
D390 kb w3l Ao yd /oY (ogls i Blaud Aol daly slayless Cpizman 1dg) Cudgiis Aoy
1-The amount of vitamins and minerals per kilogram of ration, respectively, for the starter, growth and finisher rations for vitamin A: 15,000, 12,500
and 10,000 international units; Cholecalciferol: 3000, 2500 and 2000 international units; Vitamin E: 70, 50 and 50 international units; Vitamin B12:
0.02, 0.01 and 0.01 mg; Folacin: 1.5, 1 and 1 mg; Niacin: 60, 40 and 40 mg; pantothenic acid, 15, 10 and 10 mg; Pyridoxine: 4, 3 and 3 mg;
Riboflavin: 8, 6 and 6 mg; Thiamine: 3, 2 and 2 mg; Choline: 400, 300 and 200 mg and antioxidant: 0.5, 0.5 and 0.5 mg; Copper (copper sulfate): 10,
10 and 10 mg; lodine (calcium iodate): 1, 1 and 1 mg; Iron (ferrous sulfate): 20, 20 and 20 mg; Manganese (manganese oxide): 80, 80 and 80 mg;
Selenium (sodium selenate): 0.2, 0.2 and 0.2 mg and zinc (zinc oxide): 80, 80 and 80 mg.

2-In order to provide 500 FTU in diets histidine phosphatase treatments had 0.005 % phytase (50 g from 10000 FTU-phytase per Ton feed) pluse 0.025
% Bentonite. In addition, purple acid phosphatase treatments had 0.03 % phytase.
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Table 2. Phytase activity of two types of phytase based on FTU per gram

6l e s ol 5,15kl oLzl

Oy jland dul Ulewd (pdiis w-.'.)'-"] &9
(p-Value) (SEM) Purple acid phosphtase Histidine phosphtase Type of enzyme
0.0001 50 5357° 10770? 25 32 PFTU cus p ool cullsd oline

Abgo o/ 40 g )3 (55 dme BMBI ()l ()l Sy (Y By oS Sla 1 Slo wiydy yo 30
b 1n each row, the averages that do not have a common Latin letter have a significant difference at the 0.05 level.

Oy ol jimgh 53 ¢ 3,k 5l .(Behnke, 2001) ol
o (Sie TVY) o oy ORI Gl
ol )3 b duglde )0 puS oy b ol 43di5 (slads g
sy Oliie  ple gbbal L Lules &5 ai
Mohammadi Ghasem Abadi et al., 2014; Wu et )
Sy lie il g Sl paS U (al., 2004
Mirzaie et al., ) ol,SKen g olj 0 adllas |y 5 050 yd
ser kel 53 M5 Sl olie LSl (2012

2 gl o Jlite Sl 5 5l w3l g5 e g9 b
¥ ¥ Joso 3 e hid copd g (Brae Slhss ke
0y 95 Bl Ohygn e (slaeygd )3 Cusl 0ad (B)1S
9 Srae Sh Wl ow Jlite Jl 5 5l w3l 9
2 b Lkuljen & 20 Jbaxe olie bas oo
Saeedi Aval Noughabi et al., ) LBy Jgl (s
9 Shod Gpas (haghy (ol ) Ozzes Ml (2015
P Lyl p 2lie Glaoye ) QIS has cups
b 50 (M0ss., 2020) jwgo adllles yo .ainily M
S sbare She Gpas 3 g S
pAS wl oo 4 Cums G Al poops Lok alw
Ay kb il g9 o g9 Bl orzmen 5 GBS
03jb et gl 1) (gl bme AT oyl e bilaze
(¥ Jgi) w3l ol (2l 35

Mo 515 5 ol oy b g5 80 5l Joolo ls
Fo ¥ dshe » 35 slhare a3 3Ske p» bag
)bu.’wo Dlize 3l Sy Sl ol .l onds o3l Olds
ol 0)93 )3 iy Gl kil 3l 51 g ope £
Slarg (Sjg) 03 o U R lea (pS+/+0) 9
blewd pdciad (gl Syd Gl oy b oodd PRy
Lol 435 (glodagn b dualde )3 1) (g (Rl3l (oS
Gl oy g Ol JBlawd sel (ol 03 Ay oy
23l 1) 5l s g5l paS

kol o Jlie 3l 5 jd w3l g5 e g5
395 J3ine bl g My sbroyed )3 o 0y lEle
) b ey 3 Skas 1y Sl o odes (p21-0)
Cdy (Kb ot LBy oxiy (Brae STy il
P S B ey Silea (e g Sl il cuis)
o oy S Ll ST el cdy S
dSgbise okip Giy o 5 Shd pas S
(Lemons & Moritz, 2016)

cdy plotiol b asdain gladrgy (S0 ©jlew
) 5 Bld cpdin gol> pAS oyl ) i
Llde) o 59 ol Pl oo b i Blmd doul (g5l
O Ojg ORIl RV il (S9) Ve o 3 1y ()be]
SSE Sl qpan bl (Rl e cl (Ses
2L Ll 8l yigg web g B (p> 3 (5551 palS wlge
8590 i Jole 50 ey plSoxinl cuS oS cusly as g

SbsS sladargr Shss Brae 5 o Gig pRIF gl blize 9 jtud we_.}ﬂ g5 op &5 b Y Joo>
Table 3. The effect of diet type, phytase enzyme and their interaction on body weight gain and feed intake of broiler

chicks
(p5) Sy B pae (55) ris o24l38! s il sl
Feed intake (gr) Wight gain (gr) Ef; * "ﬁf/" h&?‘ > oy g5yl
GG SiTF S S SR SYE S ecto gng’;argg Effect of diet type
1-41d 25-41d 11-24d 1-10d 1-41d 25-41d 11-24d 1-10d

4647 3128 1257 260 2841 1710 867 218° I .
Histidine phosphtase &y
4766 3196 1201 278 2043 1757 900 2418 iz Jblbd Comn

Purple acid phosphtase

2 Bland (s
4875 3299 1292 283 2902 1715 902 239 Histidine phosphe i
4634 3120 1241 272 2844 1689 874 234 iy s o Wheat

Purple acid phosphtase
43 46 18 6 39 40 21 4 (SEM) o Sike 3 sl olizsl
4707 3220 1274 269 2892 1733 883 229 c‘;ﬁ
4755 3264 1266 277 2873 1702 888 236 PS5
Wheat
61 33 12 4 55 28 15 3 (SEM) (Sile 3 sl olizl
4761 3214 1275 272 2872 1713 885 228 o Bled e
Histidine phosphtase
4700 3158 1266 275 2893 1723 887 237 iy J0lind S
Purple acid phosphtase
61 33 12 4 55 28 15 3 (SEM) cxilee > szl oliz
(p-value) ¢ iz o
0.45 0.33 0.67 0.26 073 0.46 0.82 0.13 o> £
Diet type
0.34 0.26 0.63 0.63 0.70 08 0.91 0.06 b ol £9
Phytase enzyme type
0.13 0.12 0.14 0.15 0.18 0.39 0.18 0.01 Jb 23] €55 X 02 £55

Diet type x Phytase enzyme type

ABle o0 s 5 5 3 sine M| el 5 S e Y oy &S lbeSilio wipd, o 300
a—b: In each row, the averages that do not have a common Latin letter have a significant difference at the 0.05 level.
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Table 4. The effect of diet type, phytase enzyme and their interaction on feed conversion ratio and European

production efficiency factor of broiler chicks

s Hg oo sl

(p51p5) 23e b cupd

European production . K TIPS I 5 )3l
e lcien(l:)y factor Feed conversion ratio(gr/gr) b ol g il °7E?ﬁ§gj[ é’f
Sy VF) S B S S5 NTE SjaN-1.  Effectof phytase enzyme diet type
1-41d 1-41d 25-41d 11-24d 1-10d
409 1.64 183 145 119  3Bland st .
Histidine phosphtase Oy
420 162 1.82 1.44 115 bl S0l Aol Com
Purple acid phosphtase
414 1.68 1.92 1.43 1.18 2 Ot -
Histidine phosphtase pAS
418 1.63 1.85 1.42 1.16 ot S0liud Al Wheat
Purple acid phosphtase
20 0.02 0.04 0.02 0.02 (SEM) ¢pSilbe 5t oLz
415 1.63 1.82 1.44 1.17 =
corn
416. 1 L 142 117 ps
6.5 66 89 Wheat
14 0.03 0.03 0.01 0.01 (SEM) s5ke 3, lsliasl olizsl
Blind s
) R s
412 1.66 1.88 1.44 1.19 Histidine phosphtase
419 163 1.83 142 1.16 Ol Jland ol
Purple acid phosphtase
14 0.03 0.03 0.01 0.01 (SEM) (1:5ke 3)lasbiasl oliis|
(p-value) (g l> gixe gdass
0.94 0.40 02 0.49 0.87 oy £
Diet type
0.73 031 0.37 0.59 0.18 O
Phytase enzyme type
0.85 0.56 0.48 0.96 0.79 S il g9 X oy &35

Diet type x Phytase enzyme type

295 35 lp jhed g S ol 3 eyt
JRECHUN X [N R SN ST Bt
Sl 55 5 il ol (SKSY sl clogs L
9 039y Ceodls 390 &y yoxie 4D 33 9 025 oUgS 0y
Ptak et al.,, 2015) >4 0 (gds0 dlgo uan oLl
Cawl 0oy sl (L8 wllls (Mancabelli et al., 2016
Cow yawd dgu0S gl slroyps L dses ain o
o 03 4y Jlid (139381 9 0 pgi5 53y €] RalS
Copd (gizpad 9 039y J (i Coluw o gl o
(Wu et al., 2004) cuol oids oy )S Bos 4 5y elas)]
9 yolisS (gbajy Al odgy (wlbcou, » Ol
adpe oS joa pn (M S g S
Od oligS Bl e i)lsS olKiwd o yitwe lapyiely
OKer 5 Luge adllas > (Emami et al, 2013)
Uil o s oS 43438 (Moita et al., 2021)
U518 Qg y ol cul 48 039 50 Uoye 5 Jobo
2O l Caz 53 039) j9ldg)See p jld m il Custe
SlopsSs 5 Sl a5 SalS 5 s &Y

Cadld 039 yog) 1D doudyie

2 gl o Jlie 315 ks w3l gy 0 g b
ol odds o3y L5 £ 5 & Jolix > 03y (wlidicou,
292 38 w3l g5 3 o5 ssine iy adllas ) gl
695 &y Gl pops bodd 4ls LSL“"\?? S Y ")
M (pyieS g jp Colus opyidn D BlES el
2lo b awlie )3 pg35 g pidgs a4l o Iy <l Jsho
950 Jobo ydir (P < +/+0) simdl tlof] slaless
P RS Bos (ppeS 9 C)S Ges 4 b s
by &) aby oy b odd 415 sladaga poidgs 4l
ol o b duanlie 5 iy Bl sl (golbs piS
4l ) CyS e lp (P +/00) A5 osalie islo]
)3 aby oy b odd 415 sladrgr G poif] 5 peiogd
Eisize ool ©glis Likiy JBlansd sl g5l puS |
Gl 4y p3i55 g peingd 4l 0 sdlofl (sloless
oy 9 PS5 b g &) by o b odd A5 ladagx 4
(P = 1:0) 592 Blnd cpdpiens o> puiS 4l
oelS yind) ol sy & Jlail b ol
9 el g e 5 W8le a3l 5 (08l 5 po2ieie
5 e Sl el o Wlgie bl el ke
ks i (Lu et al., 2019) 345 byl onl o
P9 Sl Sluogad b Ladye 039y 5589 (9,
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Table 5. The effect of diet type, phytase enzyme and their interaction on duodenum histomorphology of broiler chicks

- dos 4 in Jib o
B ol Sef g RGP n b o sl g o £
Gublet 2 il villi Cryptdepth — yiqih Villi length e o pviase Effect of diet type
Number Area onV|II| Iength/creFt (um) (um) (um) ect of phytase enzyme ect of diet type

depth ratio (%)

) C b ) d b SBland s Oy
16 409753 17 66 110 117e Histidine phosphtase Corn
¢ ) a b a a sty Blad Sl &y
o 114359 2.1 58 24 1325 Purple acid phosphtase Corn
d c b a c b Sbland s puS
8 485848 149 2 144 1069 Histidine phosphtase Wheat
b b a b b a sty Ulad sl puiS
4 678001 249 53 160 1347 Purple acid phosphtase Wheat
0.17 20 0.71 1.8 2.6 29 (SEM) (1 S5ko 3 skl olizsl
122 776675 20.2 62 1922 1252 c(’jr);
b b b pus
11 581925 19.9 63 152! 1208 Wheat
0.12 14 0.50 1.3 1.8 20 (SEM) (5o 5 )lasbias! olizisl
12 447801° 16.3° 69° 127° 1124° Histidine phosphtase;iliws cp i
11 910799% 23.8% 56° 2172 133672 Purple acid phosphtase yiay jbliwd sl
0.12 14 0.50 131 18 20 (SEM) 1S5k 3 ikl olizsl
(P-value) (s,ls sze pdaw
0.0001 0.0001 0.643 0.741 0.001 0.166 Diet type o, ¢4
0.051 0.0001 0.0001 0.001 0.001 0.001 Phytase enzyme type jlué w3l 9
0.0001 0.0001 0.004 0.022 0.001 0.048 S5 il g5 X 02 &5

Diet type x Phytase enzyme type

Bl e /00 paw )3 (5o me BMAT (hls ()l S yitio Y By &S olb :Shee i) yb 5D

a, b cd

a b cd: In each row, the averages that do not have a common Latin letter have a significant difference at the 0.05 level.
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Table 6. The effect of diet type, phytase enzyme and their interaction on jejunum histomorphology of broiler chicks

L . s 4 in Jib cc o )
bl slaJsho 5 Colus . S )S Gos in 0P sn Jsk d e !
Gublet )Area of Villi |%§1/ t Crypt Villi width —Villi length Effect é?;rg;{;s?;nzyme Effectb g?c‘i&i:t type
illi 2 illi length/cre| depth
Number villi (um?) depth ratio (% (um)dep! (um) (um) -
18° 365931 25,31 37 1249 939 Histidine jbléus (st o)
' phosphtase Corn
b a a b a b Oy $Ulad ol &y
12 626227 23.9 45 182 1094 P_urpl_e acid phosphtase Com
18° 480383 17.3 65 134¢ 1138 Histidine jblius cpituss PS5
phosphtase Wheat
a b a b b a LT e W pAS
18 582674 %8 At 152 1215 Purple acid phosphtase Wheat
0.2 9 0.83 13 1.8 18 (SEM) (:55ke 3,15kl bzl
15° 496079° 24.6% 41° 1532 11762 =92
corn
a 2 b a b b P.\;f
18 531528 21.5 56 143 1017 Wheat
0.14 6 0.59 0.97 1.3 13 (SEM) (355l 3 st oLzl
18? 423157° 21.3 12 1290 1039 o blad ity
8 315 3 5 o 039 Histidine phosphtase
15 604450° 24.8° 46 167° 11542 i SUlind o
Purple acid phosphtase
0.14 6 0.59 0.97 13 13 (SEM) (1s55ke 3,5kl ozl
(p-value) (g )ls gxo pdaws
0.0001 0.003 0.003 0.001 0.001 0.001 o &y
Dlet type
0.0001 0.0001 0.001 0.004 0.001 0.001 &b w5l e
Phﬁase enzyme type
0.0001 0.0001 0.0001 0.001 0.001 0.04 b w3l £ % 02 g5

Diet type x Phytase enzyme type

bl 10 s 5 (6l sine EMEST (gl 155 S o Y Gy oS ol Solio iy, o o 0 OO
a b cd: Ineach row, the averages that do not have a common Latin letter have a significant difference at the 0.05 level.

Mo olip ls oy p3 Jblind sl Cpsiens
Cawl 0a 5,158 (Ghorbani Nasrabadi et al., 2018)
g 0355 5 el 0,55 Sy Sl g )Suo i oS
» (Rutherfurd et al., 2012) >4 .o lgzcinl > (Size
b o o) ool mpl cilisee polie ) esliwl ol
9 snd il yolis bl ) (Jad (I3l S (4ol £
b mlige) cwotils Sampl (o958l amd 0 &) )
ored JB b oS polie ool sy 4 mljd

2ol o Jlite 315 5k w5l ey 0y g5 86

o o3l L ¥ Jods 0 Sy ezl lusgas
S oy gk il S A b ol s ool
Olgztuw] jSB e 5= o[+0) 2gs Yo gxe Olp@]
oty jBlid sl il 5l piie Blawd (pasies o 5
Olgzil Cuglio (5o 53 (o)l bze Cogles ¢uﬁ)]o 5 s
929 oy cpl oy S At samliie wpl 93 cul o
5 oty Bld dl o Oslite el culld Saus
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g (Salmanian et al., 2022) -, 5 lileke adly
Sl ) e Gk )l oy a Sk el 953l 1
Ol S 20 Gl 4 e (die dlge man

(Rutherfurd et al., 2012) 545 o JScub )

plSocial Lilaie 5 olgmcinl Sl sops Ll coge
oyl ¢ oogde (Shaw et al, 2011) w5  scusy
o)l 3o (Fuentes et al., 2013) | \Ken 5 s
B argr oy 4 bSTmgn (958 &5 WS
9 elS oGy il S lgie (Rl cow
Emamietal., ) )Ken 5 olol (iolojl )5 13505 oo yaud

S slaee > Sy el Cluogas p bl bl 31 g b w5l oy g9 bV Joae
Table 7. The effect of diet type, phytase enzyme and their interaction on tibia characteristics in broiler chicks

(05355) Oyl canslio (ool p.5) Mo s w0 s Sz oole Ao 3 o5l g5 ox> €9 5

Bone strength (N) (Density(g/cubic cm) Ash (%) Dry matter (%) Effect of phytase enzyme Effect of diet type

JIEFRERTEIN o

235 0.995 a7 ar7 Histidine phosphtase Corn

Oy $Blaud Sl &y

217 0-989 376 ar2 Purple acid phosphtase Corn
5 b 2

249 0-996 404 46.9 Histidine phosphtase Wheat

Oy 3Blbd Spnol Pl

205 0-994 375 ar2 Purple acid phosphtase Wheat

21 0.002 0.89 1.06 (SEM) sSike 3 5kl olizl

226 0.992 39.7 48.5 corn <,

227 0.995 39/0 47.8 Wheat pu5

15 0.001 0.63 0.53 (SEM) (Sike 3,5kl ol

a lend op e

242 0-995 411 473 Histidine phosphtase

b oy Bl sl

211 0.991 37.6 472 Purple acid phosphtase

15 0.001 0.63 0.75 (SEM) ke 3,5kl olizl

(p-valug) (s)ls sxo pdaw

0.97 0.15 0.46 0.35 Diet type oy gg

S m Pl gy

0.18 0.36 0.0001 0.12 Phﬁase enzyme type

057 0.76 0.21 0.41 b el £ 0 £

Diet type x Phytase enzyme type

e /00 o 53 5l sine M el W) S j2ie 55Y G & lasSile sy o 3%
2b: In each row, the averages that do not have a common Latin letter have a significant difference at the 0.05 level.

ds29 ol S &5 25l (Snd kS Doime
dwl ) paS (Sl srodyglys g paS )3 (P55 (T
Oler g e izmen sl JSB (gped bl
oy ploctnl o xe Liwlidl (Moradi et al., 2018)
Wby oy 4 Cand ) paS 803 Ve g Ve (ol (Slaop>

20,8 ssmlie &yd

ey plSocial 3 5l w3l 95 0y £ o Jlite

Dy bgre bl oy (A Jgia) eler By
POl &) 4 G puS a1l 2 gloo > 00 Slsay
WS g boge; (p < -/00) wmil YL e
Yo ogj8l & w1358 (Zimonja et al., 2007)
Soty eSS ulgp b slaoys 0 pAS o

_ Sl oy by (S5 CorS gl lite 3l g jld il opr g5 580 -A S
Table 8. The effect of diet type, phytase enzyme and their interaction on physical pellet quality of finisher diet

(32,3) olgn oo, b S o
Pellet durability index by Holman method (%)

JEXESE o> g5
Effect of phytase enzyme

Effect of diet type

7° N O Com &
9.7 Histidine phosphtase »
be by Bl apl comn &3
97.9 Purple acid phosphtase )
EFHEIRIEINS .
.28 — s Wheat pa:5
99.2 Histidine phosphtase F
@b iy ol Wheat p.5
985 Purple acid phosphtase £
0.19 (SEM) sl 3 l5kzasl olizl
97.8 corn o,
98.9° Wheat p.:5
0.14 (SEM) sl 3 J5kzasl olizl
98.4 I s
Histidine phosphtase
98.2 i land sl
Purple acid phosphtase
0.14 (SEM) sl 3 ksl olizl
(P-value) ()l sime o
0.0001 Diet type » > &9
0.27 Phytase enzyme type jlué o5l g5
0.04 Diet type x Phytase enzyme type jlué o 5] g9 X o> 95

il ge /0 g 3 £yl sine BT el W) S e 55 B> & sl psSile i)y 2

b, C

a b: In each row, the averages that do not have a common Latin letter have a significant difference at the 0.05 level.
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