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Introduction The increase in the cost of the diet, especially the protein part, has caused the desire of
producer and researchers to use by-products. The use of animal waste not only reduces the cost of feed but also
reduces the entry of contaminants into the environment. Hydrolyzed feathers, meat meal, bone meal, poultry by-
product meal (PBM) and fish oil are some of the by-products used in poultry, dairy cattle and other livestock
diet. Also, the use of pelleted feed in broiler chicken is increasing, because it produces less dust, improves
digestibility, reduces transportation costs, and improves performance indicators such as feed consumption and
decrease feed conversion ratio. Sodium bentonite (SB) is one of the substances that has been used as pellet
binder in feed. Several studies have evaluated the effects of the addition of SB and had beneficial results on
pelleting physical properties such as pellet durability index (PDI) and pellet hardness. Addition of active SB as a
pellet binder in wheat-soybean meal-based diets has increased the relative electrical energy usage (REEU) and
decreased the feed conversion ratio. However, studies on the use of different levels of PBM and SB as a pellet
binder in broiler chicken diets are very limited, the aim of the present study was to investigate the effects of
pellet binder levels of SB in diets containing different amounts of PBM on performance, carcass traits and blood
metabolites of Ross 308 broiler chickens in finisher period.

Materials and Methods Treatments were assigned in a completely randomized design based on a factorial
arrangement of 3 levels of SB conditioning time (0, 1.5 and 3%) x 3 levels of PBM (0, 5 and 10%).
Experimental diets were balanced based on Ross 308 recommendations for finisher period (24-42 d) by using
UFFDA software. In the present experiment PBM and pellet binder of SB samples were prepared from
MegaFaravar Co., Iran. Ingredients of diets were ground through a 2-mm screen size in a hammer mill. All diets
mixed in a double-shaft mixer and transferred to super conditioner with 82°C for 10s, and then pelleted through a
3-mm die. After pelleting of feed produced, 3 replications of each treatment with 3-minute intervals were
sampled from the cooler part of the pellet machine. The PDI, hardness test and REEU related to experimental
diets was measured. Also, a total of 360 24-day-old male chicks were individually weighted and allocated to 9
treatments of 4 replicates (10 birds in each replication). Feed intake (FI), average daily gain (ADG) and feed
conversion ratio (FCR) were recorded. On 42 day, 2 birds per pen were randomly euthanized by cervical
dislocation. Carcass characteristics and relative weight of small intestinal segments were measured. Total
protein, glucose, albumin, lipoproteins (HDL, LDL) were determined by using autoanalyzer device and
commercial Kits.

Results and Discussion Addition of 1.5% SB improved and the use of PBM due to its high fat content
reduced the quality characteristics of the pellet that due to their strong colloidal properties and giving rise to a
thixotropic gelatinous substance. Likewise, different levels of SB as a pellet binder and PBM did not change the
ADG and FCR (P <0.05). However, the use of different levels of PBM with and without SB reduced FI
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(P<0.05). Also, the relative weight of carcass, breast and thigh was not affected by experimental treatments (P
<0.05). Abdominal fat increased significantly in the groups receiving PBM (P <0.05). Amino acid imbalances in
PBM probably increase deamination and conversion of amino acids to fat. Significant reduction in duodenum
and ileum length was observed in the group containing 3% SB and 10% PBM (P <0.05). Also, the level of 10%
PBM with and without SB increased the concentration of blood lipids. Blood lipids concentration have a positive
correlation with weight and feed as an environmental factor affects its amount.

Conclusion In general, the results of this experiment showed that application of PBM as a source of protein
with adequate nutritional value up to 5% without negative effects on performance for use in pelleted diet of
broilers at high levels when soybean meal is expensive and or not available, it is possible and useable. Also,
commercial sodium bentonite can be used as a pellet binder to increase the quality of pellets up to 1.5%. The
need for further studies on the simultaneous use of sodium bentonite as a pellet binder and PBM are
recommended to ensure the results obtained in other broiler chicken breeding periods.
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Table 1- Ingredients and chemical composition of experimental diets (% of dry matter)

o Szl T1 T2 T3 T4 T5 T6 T7 T8 T9
Diet ingredients

a))’r :" 60.75 6149 6406 6142 6024 6097 6099 6095 59.94
by Albws 2735 2095 1470 2819 2166 1528 2896 2251 15.98
Soybean meal

PiS Ly 5.15 6.58 652 222 511 651 000 214 507
Wheat bran

byw 09 3.00 2.50 150 300 300 254 328 300 3.00
Soybean oil

\ A - .

Jre s e 000 500 1000 000 500 1000 000 500 1000
S 0.00 0.00 000 150 150 150 300 3.00  3.00
Bentonite

o el 2 1.44 1.31 119 149 134 120 153 139 124
Di-calcium phosphate

pedS LS 1.08 0.92 076 105 091 075 103 088 073
Calcium carbonate

ke OLyySe 0.15 0.15 015 015 015 015 015 015 0.15
Sodium bicarbonate

g‘:rt“g"" 025 021 016 018 021 016 026 021 016
o =l 0.28 0.33 038 026 032 037 026 021 016
L-Lysin

odse ~Js> 0.18 0.18 018 018 018 018 018 0.18 0.18
D-L-methionine

s —J 0.12 0.13 015 011 013 015 011 013 0.4
L-threonine

Yy . 4 ™

e —dlaliyg JoSe 0.25 0.25 025 025 025 025 025 025 025

Vitamin-mineral supplementl?
04 A.:.wl?m ul.uf).:
Calculated compositions

(5551 5 JISS) oddlic 153, 3000 3000 3000 3000 3000 3000 3000 3000 3000
Metabolism energy (kcal/kg)

Pl oS . 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00
Crude protein

"’”‘J 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16
Lysine

e 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Methionine + cystine

"’”“K 0.77 0.75 0.73 0.77 0.75 0.73 0.77 0.75 0.73
Calcium

sl 0.22 0.19 0.17 0.22 0.19 0.17 0.22 0.19 0.17
Phosphor

*b’*"s_ 3.58 3.41 3.14 3.35 3.29 3.13 3.18 3.07 3.00
Crude fiber

g Suid odle p,55LS 1 (£ JSLS YABD/YY gl uSE o3 A oA (pl yn o3 VWY ¢(uBg duo )3 OVIYY (g5ls a8 )leis wlals g
S gl p)F 1Y (SIS 25 oI o p S e Ve a5 e B0 (59 .5 e AD (3350 £ e Vo gl 0y SIS b 3 Sine —alpelig JoSe T
pSGke /N B3 sling o5 e Vo B2 (elig £ o 15 BL (aling )5 oo VA A pppoling Jlallogs a2l e -+ a5l £ )5 e S s 25 e
E oeelig Medlops a5ls Y8 B12 fpelig p)5 Juo «/<30 B )5 Lo VO B5 yoliyg p,5 Lo ¥ B4 polisg
1 PBM contained 52.24% protein, 21.73% crude fat, 8.08% crude ash and 3855.71 kcal/kg dry matter.
2 Vitamin-mineral supplement containing: manganese, 100 mg; zinc, 85 mg; iron, 50 mg; copper, 10 mg; cobalt, 0.1 g; selenium, 0.2

g; iodine, 1 mg; antioxidants, 1 mg; vitamin A, 9000 IU; vitamin B1, 1.8 mg; vitamin B2, 6.6 mg; vitamin B3, 10 mg; vitamin B4,
0.1 mg; vitamin B5, 30 mg; Vitamin B9, 75 mg; vitamin B12, 0.015 mg; vitamin E, 36 1U per kg diet.
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Table 2- Effect of addition sodium bentonite and PBM on the characteristics of pelleted feed

o (o) b olul pa5ls (sep) ek e REEU
Level PDI (%) Hardness (%)  (KWh/ton)
] 0 55.05P 2.48 15.87a
= B ohezsd 15 60.04° 2.820 13.22°
3 % Pellet binder 3 61.052 2.61b 12.98P
= e 1 0 69.642 2.982 14.46
+ g b SBEE bl 5 62.37° 2.820 13.21
PBM 10 44.13¢ 2.11° 14.09
Sk sl 1.994 0.042 0.223
SEM
Ol ls
Olmercds 5 s
Pellet binder =)
PBM
0 0 62.96%¢ 2,730 12.77
15 0 68.13% 3.06 13.39
_ o 3 0 77.83 3.168 12.83
38 0 5 57.73%¢ 2.63% 1378
38 15 5 63.932 2.93be 12.86
= 3 5 65.46% 290 12.77
= 0 10 44 46% 2.10¢ 13.35
15 10 48.06¢0 2.46¢ 12.92
3 10 39.86¢ 1.76¢ 12.26
St sl 3.454 0.072 0.426
SEM
S 5)
P-value
Ol 0.0152 0.0001 0.0451
Pellet binder
s (PRI Sl g 0.0001 0. 0001 0.0874
PBM
Slwacd x| a8, Gluls o
ORI SR TR 0.0001 0. 0001 0.3441

PBM x pellet binder

(P<-1-0) bl o o sine B (gl el o By b (g o sl :Sikee
1 Means within same column with different superscripts differ (P<0.05).

oy )b il (Geshlog-Olyayee et al., 2011) cowl Lo o
@S ¢yobay .cd)5 L EPBM juie b cov ju olie s
D9 PBM o yd K Dn\ugwb).) 09; Jel Cho u)‘ )‘JM u))ws
A3l i 5 s ialS Lol
4 Ylasl PBM saiiScil s 55y 5,8k 3 colis cls
2 0390 oo (B9 9 (351 M (Siodam )]
Il pae imed o (Ebrahimi et al.,, 2019) (TVN) 5
693> b g 03 (053] oszmed (50900 Aol slodsl I (S5
CatS picred (Hasan Zadeh et al., 2014) cuol basyo ylogi 5
N e Y gghaw )3 Jgae (il o5 (Shsd b 5 ol
ol 0ads )85 (2565 sladngn 3, Sles 5y PBM gw il il 51 500

oy PPBM UL Lgw 3o p VB oSl o 5,155 S5 j0

03,55 3Lonl JB8y 0855 ()5 1 Sy (1B slaaxgr SLL
P i olad 059 PBM saiSeosl o slads gy Jg cul
frempong et al,. ) 258y _alo y35 oSl )d 09,5 b duslis
Geshlog-Olyayee et al., ) | )Len 5 olde 3Mi8.(2019
Clag e g0yu> > PBM gaw ili8l b s S ol 35 (2011
adllas gl L oS b oo pialS ailiy) SThgs Bpae )iS050
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Vo (s> 555 L dullie 53 (355 59 £)5 1+A) Lges oSl
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ple a Sy Bpne uals NN .(frempong et al,. 2019)
PBM (YU polio (ggls (slao pnlio pn )3 aisal (slaval Jolss



1F) Lo oF oylods F als ol o (0l pale Glocidgy & pid dOF

9 Sl Grae wilis) (jg GRIB > 6w 203 VB o - /YD
Wl hygn bl 0ygd ) (b5 sladegr oliE a5 cups
MO 39580 addllas S j0 ¢l ol L L(Attar et al., 2018) ¢!
0ud (ol b oy SRl a0y 4 pade Cuigily o
05 Aoy + /¥l ealawl s (Attar et al., 2019) ¢!
2 Shed Bpae (il cuw pluacdy Glyisd s SLgdlge
Ao VO e a8 Jlspd ciwl 00 dali 09,5 b dunlis
Gl asly ol yom a1 STy s b copo Lials fluacds

.(Saleh et al., 2021)

.(Sahraei et al., 2012)
Syl g (s s 0y 3 g lua iy eslatul abe o
5 yllee o flgieds )b 0939 Iglaie guli odiy 5, Sles p OT
VO 9 N7 4)5_@ @a.w dw (owyy l.» (Attar et al., 2019) ul)&o.lb
O3y i3l 5 6y JLsb cigiy pluarcdy pS5lS 3 p)8
ol 5dind ol a8 W SO sdalidie S1yed B yas g 4iljg,
S slad s b)_ﬂc.c (e R ui‘:)l)’f "):{‘ oJ.,.SA»L
Cwl 00 uis)l)'_? ub.&; e Codgly luacds b oodds PUReY

ol e ol islejl mli &5« (Abbasi Pour et al., 2021)
o zobaw 3l o3lil wslcwnd gl b 3815 55 Cpioren

T bl oy 3 (855 slaargr 38las gl ey 5 ok (RIS Clols g il ol JI-T Jgaa
Table 3- The effect of different levels of PBM and pellet binder on the performance of broilers in the final period*

o (o e)S) g ol (apS) Shes Gpae had cups
Level Weight gain (g/day) Feed intake (g/day) FCR
] 0 85.42 168.29 1.97
= B Oler 15 85.55 162.16 1.90
3 & Pellet binder 3 85.90 162.75 1.89
3 c o 0 86.08 170.01° 1.972
3 g b eBRE kil 5 87.09 162.82° 1.92%
PBM 10 83.70 160.37b 1.87
il (sllat 1.649 1.968 0.029
SEM
Olmaedy 2 B)kis wluls
Pellet binder PBM
0 0 86.91 181.64° 2.09
15 0 85.73 163.82 1.92
" 3 0 85.61 164.55" 1.92
Z)* S 0 5 87.62 164.03° 1.87
4 8 15 5 88.49 163.43 1.85
= 3 5 85.16 161.01° 1.89
=
= 0 10 81.74 159.19° 1.95
15 10 82.43 159.22° 1.93
3 10 86.94 162.70b 1.88
> il ol 2.857 3.409 0.050
SEM
P sme 35)]
P-value
ol 0.9775 0.0693 0.1628
Pellet binder
sor (25,8 Cluls 35 0.3431 0.0051 0.0584
PBM
Slwacd x| a5,k Oluls o
OFFTR RS o0 0.7458 0.0033 0.1055

PBM x Pellet binder

(P<e/+0) il po ylo i BB gyl aliio 2 By by 5 o sl Sk’
1 Means within same column with different superscripts differ (P<0.05).
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Table 4- The effect of different levels of PBM and pellet binder on the efficiency of carcass traits
(percentage of live weight) of broiler chickens in the final period?

Level Carcass Breast Thigh
AP
= B ) . . . .
3 g Pellet binder 3 62.96 24.24 18.71
£ . . 0 64.62 24.40 18.07
% s s ABES Sl 3y, 5 63.00 24.25 18.65°
PBM 10 63.45 25.70 19.642
St sl 0.282 0.523 0.516
SEM
Olmecds 2Bkas oluls
Pellet binder PBM
0 0 64.26 24.56 17.96
15 0 65.04 2451 18.01
" 3 0 64.57 24.12 18.25
> S 0 5 63.63 24.41 19.21
4 8 15 5 63.46 24.46 18,52
=R 3 5 61.92 23.87 18.23
= 0 10 64.17 26.14 19.80
15 10 63.80 26.24 19.48
3 10 62.39 24.72 19.64
N 0.894 0.906 0.849
SEM
ol e b5
P-value
oberch 0.2246 04519  0.6846
Pellet binder
PR Sl g 0.0807 0.1055 0.0009
PBM
Ol “;l;)l\t/l'““s Slol g 0.2816 0.5628 0.3319

(P<elo0) aidly o o sine BT (gl ailiio pd By b gt o (gl Sl
1 Means within same column with different superscripts differ (P<0.05).

9 PBM jl ool ! , 31 5 asY (gli ol gloa Iy a_wslde
ol o3l L ¥ Jgds 50 L;wLo)T slopalroye o Gluecd
WU s diw ¢ 48Y dod sdelcwndd ol oluly ol
(P>+1+0) €8,55 )5 PBM 5 plmacdy cilies gl 53938
.uﬁb L)“Ul)s‘ Jya}u U’I )‘ Lo yd o g ).O.ao L591> 0 yu> L
Hasan ) o ,)LSen 5 00l50puwe pols i zolo b 38l )
2 bsS slad e oy 59 Lilj-8l (Zadeh et al., 2014
YoLS s g5l gy bols b Lgws albus 1oy YO 5 0-

Sl 4 s Ggiagll ) S et gt
Slaoey plow dm Comid g ol s JB slagesls
Gldllas ST 50 5 0l G Gla 0 (gpuiny cud )b S s gl
e Sy 3| LS g > i gy 4385 sl
5 gl 9 485 )18 0ol 390 S §9S4ll 5 S 5G]
SeMbl Jb -l L (Pasha et al., 2008) cusl 635 0458 )lg 0l
ol slaoyalac, o> o S () opl 5l eolaiwl die 4
YU slachle )5 Saes ool ol )51 Ylais] 5 5,55 3539 PBM
055 LS s sl (S 295 03938 iy (clmo yrlmo s 4
JUail g layelig g (Gime dlge il oS Jsar Shgs olis
Nadziakiewicza ) 53,5 cblgs (clais Jobs pis g w0 byl
J(etal., 2019
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Cuws PBM so 3 Vo o 33 ol (oo (g GRl81 3 99,
ool s g aizel (slosl Ggmolipols Jguamo ol 086 05,5 4,
dae 1y bole cn et Olyedr i Omopen 3L 02 4
Zampiga et al., ) cowl ol 555 565 (clads g )3 digw
5 5391 Joleto ) 15 5 Wmopes ales carlllas ol )3 &S (2018
sl wl Cis 1 e Bl 55 el eolitwl padw Codgiiy e

il el g g diel

@l 3 PBM (e (Izanloo et al.,, 2021) cwl 03,55
2oy 53 (M g o) adY) 4B (il o g 2 relie
Cenesiz et al., ) couwl 4l paS 5 bgw adbus wyd 4l
2ol 53 eimen S e an b ) ol saiss ol 45 (2020
aBY glial o)y 0 s pade Cudgly jl odlatwl a5 )l3S
el 0gMeay (Abbasi Pour et al., 2021) cusl 63,55 sk
Slogl oy 5 adY 5 40 6y PBM L Lgw xS duoy> V0
ol s opl a5 y3(Hassanabadi et al., 2008) cowl 03,5
Sws Slio auwd o] o daw doyd g b 03L& Cuwl ol
Slaiis Jolys 5 35 a8 olge K53 b o it o
=3,k 5l (Wang et al., 2014) ceus S35 Lol 4o lics

o 0 PS5k sl p5) (2dsS sladersz 15 Sl 39, Chlisee (slo 5y s (5 2 (oo}l (Slooyer 55 -0 Jogua
Table 5- The effect of experimental diets on the relative weight of different segments of the small intestine in broiler chicken (g/kg
body weight)

b P> 23] poik!
Level Dedendum  Jejunum  lleum
. 0 0.69 1.32 1.162
5. B Oz 15 0.66 125 1040
3 E Pellet binder 3 0.70 1.23 1.14%
9 c , ] 0 0.42 1.422 1.182
3 R it 5 0.40 133 117
PBM 10 0.41 1.06° 0.99
ikl st 0.015 0031  0.029
SEM
oheacdy ks cluls
Pellet binder PBM
0 0 0.842 1528 1.292
15 0 0.65% 1.38® 1073
I 3 0 0.79% 1.35% 1,18
38 0 5 0.64% 136  1.09%
E 2 15 5 0.70%d 137 1.18H
58 3 5 0.758¢ 1.26bc  1.093c
[
= 0 10 0.58¢ 1.08¢ 1,18
15 10 0.65% 1.01¢ 1.242
3 10 0.57¢ 1.09¢ 1118
ikl st 0.027 0054  0.051
SEM
P sme 55)]
P-value
u‘“‘”J‘ 0.2360 0.1221  0.0112
Pellet binder
PIRES Slels 0.0001 0.0001  0.0001
PBM
x 2l kss wluls g
Slacds 0.0001 0.0001  0.0001
PBM

(P<e1+0) 8l oo s ine OS] ghyls alie e By by iy (slapSils!
!Means within same column with different superscripts differ (P<0.05).
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Figure 1 - The effect of experimental treatments on the abdominal cavity test of broilers
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T1 control group (without pellet binder and PBM), T2 group receiving 5% PBM and without pellet binder, T3 group receiving 10%
PBM and without pellet binder, T4 group receiving 1.5% pellet binder and without PBM, T5 group receiving 1.5% pellet binder and
5% PBM, T6 group receiving 1.5% pellet binder and 10% PBM, T7 group receiving 3% pellet binder and without PBM, T8 group
receiving 3% pellet binder and 5% PBM and T9 group receiving 3% pellet binder and 10% PBM.
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Table 6- The effect of pellet binder and PBM on serum fats of broiler chickens (mg/dl)*
Level Cholesterol Triglyceride
; 0 55.87 34.04 16.95 30.50°
5. B ohezsd 15 6737 3958 1850  47.32°
9 £ Pellet binder 3 6983 4004 1995 5333
E= e L 0 55.29P 33.79° 15520 35.41°
+ s o PRI s g 5 4425 2479 1479°  3162°
PBM 10 93542  5508% 25372 64.12
Sl sl 4.565 3.318 1.330 4.871
SEM
Ol 2B)s wlals
Pellet binder PBM
0 0 60.25° 38.37b¢  15.50bc 38.38¢
15 0 63.50° 36.25¢  16.62%¢ 38.25¢
~ @ 3 0 42.13¢ 26.75¢  13.62° 29.63¢
—3\ 2 0 5 42.88°¢ 25.25¢  14.62° 24.75°
3 § 15 5 33.63¢ 17.87¢¢  13.37¢ 25.25¢
'_—5 % 3 5 56.25b¢ 31.25° 16.38tc 44.88bc
- 0 10 64.50° 38.500¢  20.75% 28.38°¢
15 10 105.002 64.622  25.50% 78.5020
3 10 111.132 62.12%  29.872 85.502
sl sl 7.907 5436 2.304 8.437
SEM
Sl gme )
P-value
"LM)VL 0.0775 0.3288 0.2877 0.0045
Pellet binder
PES Slals oy, 0.0001 0.0001  0.0001 0.0001
PBM
Ol X A5 RES Slals 25y 00001  0.0001 0.0001  0.0001
PBM
(P<10) aidly o Josine SHS! gyl 4l 1ot Bgyo b 520y (slogSila’
! Means within same column with different superscripts differ (P<0.05).
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