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Introduction: Pelleting is one of the most common methods of thermal processing of
poultry feed. The main of pelleting is to agglomerate smaller feed particles by the use of
mechanical pressure, moisture and heat. Earlier studies have shown that pelleted feeds improve
the economics of production by improving feed efficiency and growth performance. A major
step in pelleting process is conditioning of mash prior to pelleting, that let to reduces electrical
energy usage (EEU) of the pellet mill motors by smoothing and facilitates the passage of
materials through die press and plays an important role in the formation qualified pellet.
Additionally, effect on productive performance, reported conditioning temperature is the main
factor affect it. Moderate thermal processing of broiler diets causes the separation of protein
matrix, starch and fat, gelatinization of starch, destruction of anti-nutritional sensitive to heat
and destruction of cell walls, and are considered positive chemical and physical changes in the
process of pelleting with steam heat. Thermal processing improves the nutrient value of broiler
diets, which usually has beneficial effects on performance. The use of high conditioning
temperature damages the nutrients of the diet and thus reduced nutrient intake and bird
performance. However, the better physical quality of pellets obtained at higher conditioning
temperatures may affect broiler performance depending on the extent of negative effects of
conditioner temperature on nutrient availability. Feed form affects the metabolizable energy of
broiler pelleting and increases the apparent metabolizable energy of grains. The objective of
the current study was to evaluate the influence of conditioning temperature on EEU of the pellet
mill motors, feed pellet quality, apparent metabolizable energy corrected for nitrogen (AME),
and apparent nutrients digestibility in the broiler chickens.

Materials and methods: A diet were formulated on the broiler Ross 308 strain
recommendations bases for grower period. The diet was prepared in order to the experimental
design, in the CRD with 11 treatments and 5 replicate per treatment, including mash physical
form, cold pelleting (not conditioned) and pelleting flowed conditioning at three conditioning
temperatures (55, 70, and 85°C) and feed sampling at three different time during of feed
preparation. The diet conditioning was done by conditioner manufactured by Feedtech at steam
mixture for 30s and two bar steam pressure and then were pelleted through 2.5 mm die using a
pellet mill. The desired temperatures of the conditioner were applied by increasing the volume
of steam and continuously measured during the passage of the feed using a digital thermometer.
The electrical energy usage (EEU) of the pellet mill motors during the pellet diets predation
were recorded. All pellet diets were sampled after production to test for pellet quality. Pellet
quality was determined as a function of pellet durability index (PDI), fine percentage and pellet
hardness. Durability was determined using a Holmen Pellet Tester (NHP200). The pellet
hardness was determined using a hardness tester. A total of 200 one-day-old male chicks (Ross
308) were purchased from a commercial hatchery, reared on floor covered with wood shavings
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and the Ross 308 guideline up to 11-day-old. To determine the apparent nutrients digestibility
and apparent metabolizable energy corrected for nitrogen (AME,), two birds were transferred
to individual cages (replicate) on day 15 to adapt to cage conditions for 4 days. On d19, birds
were subjected to eight hours’ starvation following which collection trays were installed under
each cage for excreta collection. Feed intake of the birds in each cage was recorded during the
experimental period (19-21d). Total excreta were collected twice daily between 18-21d. Daily
collections were immediately dried, pooled within a replicate, mixed, weighed and
representative samples ground (0.5 mm sieve), and stored in airtight plastic containers (—20°C)
until to analysis. Excreta and diet samples were analyzed for dry matter (DM; method 934.01),
crude protein (CP; method 976.06), ether extract (EE; 954.02) according to the standard
procedures of the Association of Official Analytical Chemists (AOAC, 2016). Apparent total
tract retention coefficient of nutrients for diets were calculated. In addition, the gross energy of
feeds and excreta samples were measured using adiabatic bomb calorimeter (Model 1266,
PARR) and the apparent metabolizable energy was calculated. The data obtained from the
experiment were analyzed in the form of a completely randomized design using SAS software
version 9.1 (2003) with the general linear model (GLM) procedure. The respective means were
compared with Tukey's test at the probability level (P < 0.05).

Results and discussion: The effects of processing temperature on EEU of the pellet mill
motors, and pellet quality were significant. So that the amount of electricity usage decreased
(quadratic, p< 0.001), and increased pellet PDI (quadratic, p<0.001) and pellet hardness (linear,
p<0.002) by increasing in conditioning temperature. The highest electricity usage was observed
in the treatment without conditioning (cold pellet) and the lowest amount of electricity usage
was observed in the 70, and 85C° treatments (P<0.05). The diet dry matter, crude protein and
crude fat digestibility and AME, were affected by processing (P>0.05) so that the highest
digestibility rate and AME, was observed in 70°C heat thermal treatment, which were
significantly higher than mash diet. By increasing conditioning temperature, the AME, and
crude fat digestibility improved by quadratic trend (p < 0.05). The heat processing at 70°C and
pelleting diet lead to 6.8% and 3.59% improving apparent fat digestibility and 96 kcal/kg
(3.46%) and 74 kcal/kg (2.64%) improving in AMEj values than non-processed diet (mash diet)
and cold pellet diet, respectively.

Conclusion: By the outcomes of the present study, it is recommended to prepare feed in
pellet form and apply a conditioning temperature of 70°C due to the reduction of electrical
energy consumed during the process of ration preparation, improvement of pellet quality and
increase in the nutrient’s digestibility and AME, of diet.

Keywords: Apparent metabolizable energy, Conditioning, Nutrients digestibility, Pellet quality
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S ol ax 0 Ve glod j3 puiS by oy 59y Sl S Jlos! ui;,glpﬂ » 0dol Cawd ds el b sles

Abbasi Pour ) cél jialS jlucd; olfiwd (Bpae (Sl 655l ddd ¥ loj G 4y Connd alds ¥ e 4
Sy b g o (cgy p alie Liolojl 1 598 cla o)zl Gislejl oyl @ols b e , (ef al.. 2021
Attar et ) s odalin jlocdy oK Spas (S Sl (g5l g9y 408 ¥ o ¥ slalo o (sl sxe oglas
(al,. 2019

ey (g5 5 oS0l S 3 oS
slod halidl 4 g b 3w Toad (BI5Y Joaz 5 (B 9 PDI ol cly codsS’ ioxinw 4 bgyyo @l
b Oheo 4 Sl glod yoni b cdy s b L j0s5 90 4oy Wigy L PDI as L il

il iolsdl
ey (S5 oS 9 b ol (Bpae (S0l 5l il sles BT Jgaa
Table 2- Effect of heat processing on pellet quality and electrical usage pellet meal
S e Fdp gld Sgos aw ey (e <y plSol Erae 55
Physical Conditioning Number Hardness Pellet durability Electrical usage
form Temperature Sample index
Mash ()i - 5 - - -
Pellet 4, 25 5 1269 (0.058) 57.06%  (0.267)  20.92*  (0.119)
55 15 1.81° (0.033) 91.39°  (0.154) 10.76°  (0.069)
70 15 2828 (0.033) 93.53°  (0.154) 9.21°  (0.069)
85 15 2.66° (0.033) 94.55%  (0.154) 8.86°  (0.069)
P-value (b5 e Jlois! pdaws
ANOVA )y U0 <0.001 <0.001 <0.001
linear s gl 0.002 <0.001 <0.001
Quadratic pg> 45 > 0.239 <0.001 <0.001

S50 Sl oled (slajloss 9 )15 0 ke 3 s g (3] sloylo {P<0.05) sisl o Yo sine AU (I s aliio e gy gyl (slacpSibe Ggia s
(63 oy 4 G ey (slo iz 5D o it bl dgup * ib o SEM il S5l polie (ol
ad Values in a column with no common superscript letter are significantly different (P < .05); The mash and cold pellet
data are the mean of 5 and 15 observations, respectively; The value in bracket is SEM. “Improving fat digestibility for
pellet diets in compared with mash diet.
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Abbasi Pour et al,. 2021; Abdollahi et al,. 2010a; ) L 5w dlxiS—piiS 4L p sl STyes o ey
-0 5 (Abdollahi et al,. 2010b) ps5 5~ (Abdollahi et al.. 2011; Abdollahi et al.. 2010a
4l N0 Cae 405 Sl 4 A gVehe Fo e laled Jloel .l ons )55 (Attar ef al,. 2019) L g

2 Shes Sty cwawl osis 555 (Teixeira Netto ef al,. 2019) us ¢y 5w o PDI Lisli8l el

() 698 Jlosl pac) ol o s b dwnlio y> el STygd PDI dgugs el 3,5l a5 YA 950 (glod

3 okd yualS s Cudgin p,S oS )3 2,5 V/D (gols (slroys 9y ialosl y> (Skoch ef al,. 1981) xi
cdy B g PDI dguo J(Attar ef al,. 2019) céb iol8l cly e 9 PDlagds ¥ cno a4y as o Ve (glod

aaBd 93 e 3,5 Sl dn Ve gled (o odd Sicuiu S8 Cudgis p)S5LS 1 2y VO (gols Wby (sl )
(Attar et al,. 2019) Lgw —uyd dllouS” 4 (Abbasi Pour ef al,. 2021) Lgw dlbuS—paiS &l p cboo s 4o

LJ“")S‘ —>9e oS 0l d‘)? ““’l)b A (8 i wﬁl") 33 ““:‘L’ L;’)‘P Lg)ﬂi)'e ‘.JL"'C‘ el oa u*’)')f
.(Abdollahi et al,. 2010a) >4u5 0 sy STysd CoutsS d9uds 9 Shysd slin! o (S haues

2 A0 5 Ve D0 (glaley > Sty 88 Jlid 4 a5 2pm i (63)]) Shss 658 5l 4 bgye b

OIS Y Jgte 3 beS sl b Giolejl 0 a0y g plB (19 «SiiS 03le puan il p (3,5 Sl

Cowl 0445
S5 sladrgn )3 (s3e dlse (6,0l s B 0y Syl ygl2 A=Y Jgsa
Table 3- Effect of heat processing on apparent nutrient digestibility in the broiler chicken
i o0l el o s (12)9)s3ie dlge (g plls muam LB
G e Al sl el sl Apparent digestebility, %
Physical Conditioning Number LT & oo m
form temperature  sample P oon e
Dry Matter Crude Protein Crude Fat
Mash - 5 7307° (0.539) - 67.25° (1.039) - 86.330 (0.315) -
Pellet 25 5 75.25* (0.539) 2.98" 68.71% (1.039) 2.17° 89.00° (0.315) 3.10"
55 15 75.708 (0.311) 3.60° 68.83% (0.600) 2.35° 90.95° (0.297) 5.35
70 15 76.21* (0.311) 4.30" 71.02*8 (0.600) 5.61" 9220 (0.297) 6.80"
85 15 76.04* (0.311) 4.06" 69.86% (0.600) 3.88" 91.33" (0.297) 5.79"
P-Value )b gxe Jis! gdaw
ANOVA s <0.001 0.018 <0.001
Linear _ls 0.460 0.511 0.017
Quadratic pgs 4> 0.627 0.703 0.064

S0 5:ke olod (slajlas 9 51,50 (ko Dy iy g d.))] slles ‘(p<005) sl oo Jb pze OB ghyls aliiop By (gyly b Silo (g 2 4>
(63 oy 4 s s (clio x40 it il 3gup0 * 3 0 SEM ulyy S5l pslie toal
adValues in a column with no common superscript letter are significantly different (P < .05); The mash and cold pellet
data are the mean of 5 and 15 observations, respectively; The value in bracket is SEM. “IM = Improving digestibility for
pellet diets in compared with mash diet.

Sits o3lo wuan Cubil Iy gime dgup el (S llS Jlos 4y g dpw cd) iy pip 4 Sygs 4

dlio b ol 30850 5l ol Cands gl b 38le5 ;3 (P<+/+0) 15 (63)] STyod 4 o plB oy> 9 pB g
lod ial33l b asl V0 e 4y (31,5 5lo a0 Qv g Velhe $o D0) By 9 g Lok < g (63)] cloo >
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adlas gols (Teixeira Netto et al,. 2019) cély dgup pld piigy o Suid 0dlo (g 0l puin cubld iyl
)] sloop b duglie )3 0nd ey (glaoyr (sl g B o 4 S odlo pin bl ol L 5 Ko
M St 8 sled iul58l (Massuquetto et al,. 2018; Teixeira Netto et al,. 2019) cuwl osds yiis
slod Jlasl puols yimgt y0 (Selle ef al,. 2013) d4u5 o0 5,SKlas dguby w5 03905 oS (a0 dlgo puiadr &
an Sl (Jg (P<0/0) 15 )l ne pgd 42> dblee Ljgo & (02 medn ol () p Sl il
Jlosl s 4y cdy Shyss 4, B o2 e il (:0ke (2 3YL L(p>4/00) 355 415 (dixe (g5 9 St 03l
ol adllae p3 odel o 4 gols b sillae Lol slai 3,5 lwas 3 Ve slod jd (KiiiunlS) )l (6y9ly3
Sl 05 )35 Satd B8 b 00d (5,90, Sy slooy 3 2y e Cbld  Cilise slaled Jlos! o 53T
odle an cublB oLl L ((Abdollahi et al,. 2013b; Attar et al,. 2019; Naderinejad et al.. 2016)

dgo wuan bl Sgup0 acl 193 o (69148 a5 Wb 03l (LS Ay g Pl o yguo A g8 g D (ke Dlge g S
A A VO X FB) i ls i slales oLl L (Gonzalez-Alvarado et al,. 2007) 355 (gi%0
S 0b IS S B lp peSigw b 2 2l ooy (30 dlge man Cubl g cdy Slusgas (3] Sl
9 OeSgn Sl alS pglie atnlis Gloljl g bl o b owlon (m Ngm JSW ey o S slod ]34
Cauwd 4 0)S Sl ax d Ar g VO (slaled ;0 (gdao dlge puin CublB 10lae oyl 1V 5 205 oo iy v ol 38l
(Wang et al.. 2019) 1]
bl (63)] Sy b duslio 3 ol,S e and Ve (clod j3 od (g9l 8 Slygs ol L Limgd opl ls

09135 b LialesT ol 5l eel s> 4 ol 51 dga o 3 O/FY GBIV i |y g g St odlo puan

2l yld b pas pbie | Sy 4 ST cdslks (Zang et al,. 2009; Attar et al. 2019)
»!.(Teymouriand Hassanabadi, 2021; Abdollahi et al, 2013b) 15,8 i,li5 1) (gi%e dlge muan culild

ilod Kty lS o ot b Jl elge 5B o (i Slga o iaod CablB s 5 gl o
Sl 5 sl das Ao olgo g5 9 ljs) o (ST olge S5 g (52 psS 5 D)l g Sty ilS
.(Santos et al,. 2020; Abdollahi et al., 2013b) cuwl z8lg ()ly> 4 olus
S5 e 3 syry ilze SlaglIS St i i bl uislS (sl Sl a5
G e st |y gy e Cubls 4l Vo e 4 3, F Sle a0 Ae clod 13 Sl (g9l 3 a8 Canl o
Yo B8 glod y3 0ad (g yglyd ey Shygd b uheS (slads o> 4085 yimen J(Zang et al,. 2009) aad o iol33)
SThos b duglio )3 (S59) VO (pw )3 (890 o5tk wedn bl ol cel agli 7o o 2 0] (3l a3 AY
F oY) caliso (olayloj 50 odd (6y9],8 iy dumlio ,Sod imgh o Lol (Massuquetto ef al,. 2018) us (¢,

oyl &SIl o (Attar et al,. 2019) cusls pwigpm man Cubl (gl dre glas (a0 Ve glod jo aad>

Cabl po5 yomw wbp slaos > asl Yo o 4 03 Sl as 0 A @ &l oS glod o8l foanl onds
(Abdollahi et al,. 2010a) s> _zals" (5,5 sxe yobas Iy gy (ooils] puine

Yo Sode a5 il a Ve glod ;0 ot el g (63)]) D b pops (Sond pyd 93 dunlie b inlejl )

Naderinejad ef al,. ) s> ;lis cdy Shygs bosd 385 (Bl 0 1) uSgp oosib] man cublB jials (sl

o (P95 gm0 A 1) (63)] SThgd b dunlio 15 adb V e 4 as 3 A+ (clod jd 0 (69113 s S1y95 (2016
(Selle et al,. 2013) Wb &gy wuad Cubl jb xe jials

@3l 81 20w guonal (2 sl g Cé g J9B (g5 ]
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cubil8 J,)M.g 0> )’L.u 9 CSguw J.;b dj)ﬂ uwl)sl ).a.a'L'> adllas )'l odel Cowd L C”L“’ L dsly 5O .(p<~/'0> W)

Zelenka,. 2003; ) cul o ()55 iy (slaoun b bsS sds g a5 sblse jl (S olais 4 YL an
5l ool Cowd & = bl ,5 .(Zang et al,. 2009; Naderinejad et al,. 2016; Massuquetto et al,. 2018

g Sogw JB 3Pl g )8 ey (e Sl by S o pas Ollan Sl (B (398 Gl SIS 5 pol adlas
Svihus et al,. 2004; Amerah et al,. 2007; Abdollahi et al,. ) xles,S" )55 1) puiS by sloo s 5l
Cogw JB (5551 il el pAS b p (55 sladrgr 0y 3905 ol (L hagfy S ol (2011
g W 655 Liom Liubojl zubs (Abdollahi et al.. 2013b) us Jo5\Ke \W/0F 4y Jo3lKe VE/-¥ 5l jls g
b St bl calisee olalod )3 oas ey o Sigidin 3l bgar lluiS=0)d il o (63,] sloopus auds Lo g
Cuthip ) ol 5bis 1y oyl sine gl Wlopms &l sloyogys 5l ooliul b ons sl sizme ey g b5 lis lasl

.etal,. 2008

G5 sy )3 o il Gl ond meal gl Lo 5 CS g BB 3l 0 )l ol T Jse
Table 4- Effect of heat processing on apparent metabolizable energy corrected for nitrogen diets in broiler

chicken

b )y Sl B gled Lgead Dl &bl g i gw LB (5l

Physical Conditioning Number Apparent metabolizable energy

form temperature sample AME, kcal/kg DM AME,, kcal/kg DM

Mash )l - 5 29570 (23.629) - 2774° (21.265) -

Pellet <4, 25 5 2983®  (23.629) 0.88" 2796®  (21.265) 0.79"
55 15 30312 (13.642) 2.50" 28432 (12.277) 2.49"
70 15 30632 (13.642) 3.58" 28702 (12.277) 3.46"
85 15 30342 (13.642) 2.60" 28442 (12.277) 2.52"

P-Value s xe Jois! v

ANOVA b,y 5JU0 0.002 0.004

Linear s gl 0.033 0.022

Quadratic pg> 4> ) 0.067 0.046

S0 5k oled (sla o g 51,55 0 uSlie 3y ey 5 (63)] (sl Lo {(P<0.05) sl o S ine B3] lls Ao pé Bg o (gl (clapSilie (ygiw o 5
() oy 4 ey slno e > AMEN 590 * .asb 0 SEM il Js b polis tcunl
&d Values in a column with no common superscript letter are significantly different (P < .05); The mash and cold pellet
data are the mean of 5 and 15 observations, respectively; The value in bracket is SEM. “Improving AMEn for pellet diets
in compared with mash diet.

a0 Ve lod ) St L(P</+0) cus 138 J31 )by bxe g (o jeb & 0> AMEn 5 S8 (slod

P EIELSVE 5 (03,] Shs & i p)59S 5 (M 5kS O 5o 40 Syss AMEn 3500 el 31,5 oo
39y (o3 ph & STygd a5 b Kt 2 lS Jlos) bt 3,y STy & a p S5kS
Syt el 4ol ) And oo &) (Jol 0)lgwd o559 dtwlis S J@l)S (b o)k Shgd oy B 4 cagls,
e g4 5l ka5 By (Svihus et al., 2005) 59 o 0> jlo 5 g BB (g5l g (sdn0 dlge puan il
(Khalil e al,. 2020) x5 (3,] 03 b dum 3ldo ;> Jg550 +/YY liue 4 e AMEn 39u00 sl 09,8
el (a6 Ye) SYsb (y9l 3 los e g (3,5 law 455 AD) YU s slS (slod Jlos) el o 3,155

.(Santos et al,. 2020) 1 S1yg5 (6550 5 wgp « Sl o3lo puin bl gals
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AD lod 4> 6)9])5 L duslie jo Siid odlo puad Cobild g el 6y oy 3 4l V0 ke 4 o3 ol
e CablB )0 Gty (o> Slalllas > &5 Jbs 45 (Teymouri and Hassanabadi,. 2021) . 51,5 ol 4555

350 3590 50 Lablie guls sanlin (Lopez ef al.. 2007) i sanlin odd by g (63, slrops oo Suts o3k
385 0.5 dlge e «Shgs 55l 8 bulpd 35 Sglise > 4y ol (Sas 0y Lo g g B (g5l 2 iy
8l sl g CE g LB 535l Shomie (B9 5 0 S 5 0 ]

S5 donl

O Olg) fSTg b 4 Cughy 358 e 4y (58 p)8 4 ST awg Wl B (b Sty S Jlesl b
s o9dle @l )0 Amd e &) sk 0)led )3 g wwlis slagilS b o)l gy A8le Sl olge jgee Jures
5Pl Spae GialS cel oy jlo g g BB (55l 5 sine dlge opdy (B)I5S) ST 2le b)) 25
ey (B g plSotl orman el STye CudS oy ad Ll d9u0 9 STiss (69158 5 A Wl p (b (Sl
oials Jdoay o) il a2 Ve Suita S glod Jlasl g ey (058 )3 b Shgd a4 (IS sk 4 2580
5 %0 dlgo uan Coll do g i CudS o laadld e Slecdy oy (Sras (xSl (g5l
g oo dpidig 0> AMEn
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