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2-Kejeltec Auto Analyzer 1030 Tecator
3- ANKOM fiber analyzer (ANKOM Technology,
Fairport, New York)
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1- Prediction equations
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Table 1- Ingredients of basal diets used in the 10 and 24 days

(4253) (Shss dge Sie 10 Sie 24
Ingredients (%) 10 days 24 days
<P 56.52 59.01
Corn

0 .

AL g dlnis 37.01 34.05
Soybean meal (44% CP)

S oEs, 2.26 3.00
Sunflower oil

S S (52 1.79 1.55
Dicalcium phosphate

peld LS 0.80 1.09
Calcium carbonate

b S 0.30 0.30
Common salt

O U 0.05 0.05
Sodium bicarbonate

..

ety oo 0.25 0.25
Vitamin premix*

2uiinn dlyo Jas 0.25 0.25
Mineral premix?

et 0.36 0.26
DL- Methionine

L-Lysine HCI

oigrmd 0.10 0.04
L-Threonine

2 B2 (yolizg )5 o ST Ks cyolizg )5 ko 2 A (uslizg 25 oo 11D slizg Mol 2015 1800 A (ysslyg Mol 2015 11000 o 55k 2 53 isslizg bl iy *
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vitamin premix provided per kilogram of diet: retinyl acetate, 11,000 1U; cholecalciferol, 1,800 IU; DL-a-tocopheryl acetate, 11 mg; menadione sodium

bisulphate, 2 mg; riboflavin, 5.7 mg; pyridoxine hydrochloride, 2 mg; cyanocobalamin, 0.024 mg; nicotinic acid, 28 mg; folic acid, 0.5 mg; pantothenic
acid, 12 mg; choline chloride, 250 mg.

2Mineral premix provided per kilogram of diet: Mn, 100 mg; Zn, 65 mg; Cu, 5 mg; Se, 0.22 mg; I, 0.5 mg; and Co, 0.5 mg.



1399 )las L o5led 12 sl ol ool pale (slosinmgy 40 pis 64

3,5 dwbre 3 aolee

SEP:\IIE';‘ L)

b =Y o i 3kl (gllas =SEP dslee oyl jo a8
=Yty 0 3l b & ol s & udplie BB (53
pB,lolaws =N (o8, ya (gl Jdo 3l eolatwl b odd (s i (o550l

p oy pile )
4 Seigom Voo B> g oo 5 S g alejl )
ol > 85 )15 lilas gy 3590 9> Glalel Sl el
o 3 308= Luly g 5 2565 angn askd 400 s islejl
33 WS )b B > ilol 5 wolid S5, 25-44
hpdy &ygo S5 53 dag 4k 20 5 S5 ez oles B L
5 a2y Jol Al Yl coglio gl & 525 Jgamayy o) il
0=l 53 il (uilio pudlie BB (5551 5 Pl (nS9n Oljee
logtalofl )3 gy 350 pB)] g3 25 o8 b 0lital oo
Cad 4 SYoleo (295 Slstean dub Cax g 355 pgd 5 ol
oinlejl cpl il 3 .cd,3 )15 ooliul 590 ¢ L Olsl ool
Jsl Galejl 5l am Jlo €S el (2bj)l 590 92 Sl 4 a2 L
O3 0805 (S pslanz ob (il 5 de o Sy g 35 p93
xS0l gsdae oglanr gy ot ol i L6 (555
=t e gtlie B (5,00 (25l s 4y g iz 405
31 ol Cawd 4 Ysleo 55 g NRC (1994) 905y dlslas ol
w3l om 9 €85 )8 3T 350 525 (aloesds S oy el
Ll o e glie B8 (65,30 30 ¢ o liowd LSy el Cannd
235250 92 pedgilie BB (55l Olise 035 e e 3
Iyt sy g 25 gy g 3l o2litel b pgus Slejl (sl Loy
Kcal/kg) NRC (1994) Joas =1 a5 48,5 b 3
-3 (2965 Kcal/kg) NRC (1994) \gsu,S, aslae -2 (2640
Cwd 4 ygem)Sy SYolxe =4 (2814 Keal/kg) (s59lom (ybs)
EYolae dy g Ly =5 (2775 Keallkg) pos Lialossl 51 oal
ol 55 (2420 Kcal/kg) NIRS jsg) 5l odcsl Cawd 4 yommS)
Slhgs alig) iy phalidl e (63,Slae (slapasls il
L) 55 byl 290 olie fas copd g wlig) (Byan

ol oo (ads byl o] Gelel g olen B3l 39 opn )
5 Lads g 03,8 51ET (S50, 24 o 5l Yol Coms (o 1Y

ol >t (559, 29-44) (iloil )93 3 9 (539, 24 5 1 s

3- As fed

sl e JulB (5350 (5 oS 3t

Oigy jleslaiwl U Yo ad 5 Slys s j3 pgySansT clale
g S sladiged s 551 03,5 s (20) (San 5 el
JTE SR SPIN 75 1Y EICHUIN | L SRR JNNFE  FECRNVEY
pedgrlio JB (55,51 5 (AME) (5oLl pudgilio L6 (555
leslawl U o s (AMEN) (455500 (slp 0dd sl (5ol
(5) Bud e 2 5 1 Ly,
AME = GE Diet —-GE Excreta * (Cr203 Diet / Cr203

Excreta) (1)
AMEN = AME - 8.73 * [N Diet - (Cr203 Diet / Cr203
Excreta) * N Excreta] 2)

Shes 5 o p& (5,51 :GE Diet

Y aib o5 1 3> s (o5l :GE Excreta

Shed 5 o Sl clale :Cr03 Diet

Y gib p 5 1 Silis cdale (Cr03 Excreta

Shes p)5 2 ) Gy cdals :N Diet

Y aad 0,5 1 > 595w clale (N EXcreta

wrr S sl 6ol pudglie BB (55l me ) o
39524 510 g 95 3 2 08, 11 gl LB (5, jualie
03,5 dpoloxa 5 alaly J oolial
AMEN b}l o8, = AMEN &5 50 055 — [(AMEN 6 5>

@y AMEN iylojl 0p2) /23S0l ]
AMEN _i3lejl o8, = AMEN &5 50 0,5 — [(AMEN 6 5>
@y AMEN ilojl 0p2) /2 S0l ]

bl sla il

> adlas )90 92 )] (oleend Sl 5 (560l Alie (sl
ool J38le i 5l @y Jshie 53 033 @l (ke L o
SO L cows= 5 Ubg) s MEANS 444, 51 SPSS Version 17
-4 5 SPSS lile 5 5 ¥olae 359l yolaie s o3l diges
4 AMEN 4, cpl ;5 a5 .05 oolawwl Enter 4,5, 4 Regression
e Olgmis dny o B 4 i) (elod g il yiite oy
i 115 (slos) 5l duslia g 2505 48,8 55 5> it
Orzxen g iz laie o 53 92 i pB)l ond (o iy
MEANS 459, 5l (s590s0 o9y 4 0ad (5 uSo03ll 1olae b duglas
15585 dunlio e (1) 5 oolitul odd s Cuni I dg) il 9
3yl (glas 3l gadg oyl 5l oel Cawd 4y calizeo (glaJio
o3litl b i s 5 bl sllas 3,5 e3lil (SEPY i i

1-IKAC-400 adiabatic calorimeter (IKA-nalysentechnik
GMBH, Heitersheim, Germany)

2-Standard Error of Prediction
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Table 2- Composition and nutrients concentration of diets used in the third experiment (25-44 d)

AMEN (55 59,
Method of AMEn determination

D) peliane (295 Cund 4 dblae 295

. NRC
(4o5) STyss Slge NR%’** NRC dsls &5 s o] NIRs
Ingredients (%) recommendation ~ VRC Equation  Direct bio-assay ~ Output of the
output developed equation

# 35.00 35.00 35.00 35.00 35.00
Barley

= 32.29 34.90 33.67 33.40 28.08
Corn

0, .

A g Al 26.26 25.70 25.98 26.00 28.50
Soybean meal (44% CP)

) 2.65 5.60 1.53 1.74 4.66
Sunflower oil

Slond ol 03 1.54 1.54 1.54 154 153
Dicalcuim phosphate

el oS 0.91 0.91 0.91 0.91 0.90
Calcium carbonate

P Sos 0.31 0.31 0.31 0.31 0.32
Common salt

O 2 0.10 0.10 0.10 0.10 0.10
Sodium Bicarbonate

1. .

sy JoSa 0.25 0.25 0.25 0.25 0.25
Vitamin premix*

2 .

e Slga JoSa 0.25 0.25 0.25 0.25 0.25
Mineral premix?

odge - J > 0.25 0.25 0.25 0.25 0.26
DL-Methionine

28508 023 =) 0.19 0.20 0.20 0.19 0.15
L-Lysine HCI

osgy=dl 0.06 0.06 0.06 0.06 0.04
L-Threonine

oy ohons OluS 5

Chemical composition

AME,

(ps55kS 5 s S5LS) 2850 2850 2850 2850 2850
(kcal kgt)

(223) P oSz 19.00 19.00 19.00 19.00 19.00
Crude protein (%)

(1053) eelS 0.85 0.85 0.85 0.85 0.85
Calcium (%)

(303) > JB s 0.42 0.42 0.42 0.42 0.42
Available Phosphorus (%)

(3053) 0.16 0.16 0.16 0.16 0.16
Sodium (%)

(10,3) O + izt 1.09 1.09 1.09 1.09 1.09

Methionine+ Cystine (%)
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(%) o5 0.86 0.86 0.86 0.86 0.86
Lysine (%)

(o) o395 0.74 0.74 0.74 0.74 0.74
Threonine (%)

Pl b 3.94 3.97 3.96 3.95 4.01
Crude fiber

11 D el Mol >y 1800 A ok Modlips aly 11000 w5 o ool 1) 25 (sidie Slgas 0 5| sk o 10 simaliyy bslss iy -1
S35 sl 55 e 28 B eoliss 5 oo 0024 B usliss 5 s 2 B sy o5 e BT Kapmolivg 5 oo 2 A uslisy 5 s

S 5155 05 o 250 o555ty s 5 oo 12 K55 gl .5 Lo 015
il o5 o 0122 s 0,5 a5 s 05 s B5 15550 05 oo 100 0.5 o s | 5 (s Slg0 0 51 o5k 12 53 Gres Lsbie i

IS 05 ke 05 5 5 5L 015
1-Vitamin premix provided per kilogram of diet: retinyl acetate, 11,000 1U; cholecalciferol, 1,800 1U; DL-a-tocopheryl acetate, 11 mg;

menadione sodium bisulphate, 2 mg; riboflavin, 5.7 mg; pyridoxine hydrochloride, 2 mg; cyanocobalamin, 0.024 mg; nicotinic acid, 28
mg; folic acid, 0.5 mg; pantothenic acid, 12 mg; choline chloride, 250 mg.
2-Mineral premix provided per kilogram of diet: Mn, 100 mg; Zn, 65 mg; Cu, 5 mg; Se, 0.22 mg; I, 0.5 mg; and Co, 0.5 mg.

(St oslo bl 1) g2 P (s JS5LSTp SoS) pudlio B (55,15 () (o5 30U1 -3 Jgo
Table 3- Proximate analysis (%) and metabolizable energy (Kcal/kg) content of barley varieties (dry matter basis)

B S o 5> Jolooli poid > Joloxel o R . AMEn AMEn
JEE i osle )MLi o j\m;ﬁ ’ 9191)‘*3 P OB e Sier 10 555,24
f Dry i Crude  S75woms =08 Crude  Crude NFEL < 2% )9
Iltem matter Crude fiber Insoluble fiber in Insoluble fiber in rotein fat Starch 10-d- 24-d-

Ash acid detergent  neutral detergent P AMEn AMEn

Oler ot
Bahman 92.00 3.37 3.04 5.33 21.63 12.30 2.39 67.17 70.89 2658 2752
Hamedan
”"m’_ 9490 411 3.27 6.01 20.33 10.59 242 49.35 74.15 3111 3141
Valfajr
;:;ht 93.40 278 2.78 4.93 19.91 12.73 1.82 55.53 73.28 2280 2701
sCald 93.60 2.56 1.92 3.21 21.90 11.39 2.03 57.11 75.69 3245 3244
Gorgan 4
ef o . 9320 343 2.36 4.40 19.64 10.45 225 50.45 74.71 2411 2530
Bahman Karaj
Lty 93.80 2.77 1.92 3.37 19.72 7.57 1.81 58.10 79.73 2400 2939
Pakootah
@.l"“_ 9240 281 2.06 3.14 18.72 12.31 2.49 52,04 72.74 2948 3264
Reyhani
255209,
Karoon in 9410 3.72 2.55 4.04 19.66 12.36 255 47.97 7292 3131 3337
kavir
u:r‘as 9240  3.03 1.84 3.68 21.86 12.38 2.16 59.36 72.98 2964 3130
30’_"‘5 9260 281 2.70 4.54 24.95 10.16 2.38 55.74 7456 2896 3020
Fajr 30
'\"‘;ﬂ"" 93.24 3.14 2.44 3.40 20.8 11.26 223 553 74.16 2804.4 3005.8
ean
Coefficient of  0.96 15.9 20.6 21.5 8.7 14 12 10.3 3.18 12.26 8.9
variation

- . 1
iors jl sl ojlas
INitrogen free Extract
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Table 4- Comparison mean of the proximate analyses (%) and metabolizable energy (Kcal/kg) contents of the barley varieties used
in the present study with the amounts recommended by NRC (1994) and FeedStuff (2014)

1 ol ojons AMEn
Kis odlo )...MSLs |>\> n_éu‘ |>L> ey e J d)h ) AMEnR L; 2
Dry Ash Crude Crude NE N_‘t)”” 10-.555,10 22) 4
matter fiber rotein itrogen- d-AMEn Pl
P Crude fat free extract AMEn
).g.é\) .A".A .
Present oSbe g0y 3.14 2.44 11.26 2.23 74.17 2804 3006
Research Mean
NRC 1904 Ot 89 - 6.18 12.36 2.02 - 2966 2966
Mean
p-value <0.0001 - <0.0001  0.0549  0.0348 ; 0.1714 0.6520
tolse 14.86 - -23.39 2.20 2.48 - -1.49 0.47
t- value
FeedSuff  oSle 89 2.81 5.62 12.92 213 65.52 3090 3090
2014 Mean
p-value <0.0001  0.0670  <0.0001  0.0088 1.18 0.0001 0.0275 0.3495
tolse 14.86 2.08 -19.89 -3.33 0.2674 11.57 2.63 -0.99
t- value

rarg jloslinl b > lisco plB)) gl 043 03l by (6 5kSTp )T 5bS) diilio BB (555 (nrister sloabileo D g
3924 510 zsgs
Table 5- Metabolizable energy (Kcal/kg) prediction equations developed for different barley varieties
using 10 and 24-d-old broiler chickens.

o Jolse Cunl Joo

R2
Age Factors Regression equation
Lf(;j(;:)? NFE,EE AMEN=27.27NFE+407.87EE 97.80
i{’é:; NFE,EE AMEnN =33NFE+271EE 97.10

ot 8l 53 ol gl ol e S (o 531 oo
P 5kS > 69k 2850 laojer plos (g3 talesl ol pll
NRC 5.6 shrt s 4 el (ol o) Jy 23 45,5 o
Sojolgn Voo 2850 659000 dac 2796 NRC alslee 2934
0390 £S5 LS 53 JLSLS 2987 NIRS g 2849 ool s 4
iy & o alis liee (wlol » NRC (1994) dslae .ol
il Gl b e padglie 5 (55,1 5,5 5 (21)
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w2 Clled s 39Sy il do 59 (il it aiile (o lews
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Table 6- Comparing AMEn (Kcal/kg) values of different barley varieties obtained using biological method with those predicted
using the equations developed in this study as well as with those predicted using the NRC 1994 recommended equations (dry matter

basis).
5L 539 10 (555l 39 24 S35l Fin 10 Joo Fim 24 Jae
TB) F Biological method  Biological method The equation The equation NRC 1994
tem 10d 24 d developed developed
atd 10 atd 24
horpoty 2658 2752 2908 2987 3421
Bahman Hamedan
2l 3111 3141 3009 3103 3237
Valfajr
. 2280 2701 2743 2911 3337
Dasht
4obs 3245 3244 2892 3048 3430
Gorgan 4
e ome _ 2411 2530 2982 3075 3329
Bahman Karaj
sy 2400 2939 2912 3121 3439
Pakootah
o . 2948 3264 2999 3075 3371
Reyhani
295 P08 . 3131 3337 3038 3097 3389
Karoon dar kavir
o 2964 3130 2872 2994 3458
Aras
30’_"@ 2896 3020 3003 3105 3347
Fajr 30
ol 2804 3006 2935 3051 3358
Mean
AMERN (Kcal/kg of DM) = 3078 — 90.4 x CF + 9.2 x STA(NRC1994)
AMEN=27.27NFE+407.87EE (533, 10 Jse) (the equation developed using 10-d-old chickens)
AMEnN = 33NFE+271EE (5335 24 Jse) (the equation developed using 24-d-old chickens)

M b Slatrgr 15y 3Skee (s JSoSTp SoLS) cilie (sl g, Sl ooliel b 015 5l g AMEN plio olsl 2 005 ilais (slmoye 16 -7 Jout
Sig 24
Table 7- The effect of dietary formulation based on barley AMERn values estimated using different methods (Kcal/kg) on growth
performance of broiler chickens in 24-44 d.

oss (p 51019 (Bpas Sy (p51093) 39 l38! Shed s cupo
Treatment Feed intake (g/period) Weight gain (g/period) Feed conversion ratio
(2640) NRC sas 2579 1316 1.96%

NRC Value (2640)

(2965) NRC dsles 2498 1213 2.06°

NRC Equation (2965)

(2814) 5l 2 2447 1242 1972
Biology value (2814)
(2775) ool cusd 4y Yolao
Equations obtained (2775)
(2420) NIRS 2500 1337 1.87°
P-value 0.1 0.1 0.05

2444 1260 1.94%
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Introduction: Cereals are the main sources of calorie in poultry diets and corn is the most common cereal in
poultry feed formulations; however, in some countries such as Iran, corn is mainly imported from other
countries. In addition to import-associated problems, high volatility of corn price has recently resulted in a
marked tendency between Iranian poultry producers to use other alternative grains in their formulations. Among
the other cereals, wheat, rye, and barley are the most frequently used grains in poultry diets from which, barley is
believed to be a great alternative for corn due to its high productivity and good compatibility to the climatic
conditions of the country. Barley is one of the most abundant grains raised in various areas of Iran and could be
included in the formulations instead of corn. However, the extreme variability in nutrient contents observed
within and between different barley varieties makes it difficult to achieve a good nutrient balance in barley-
containing diets. The energy content of feedstuffs is a topic of high importance for poultry nutritionists since
birds regulate their feed intake based on dietary energy concentration. There are different methods to determine
metabolizable energy (AME) content of feedstuffs including energy balance bioassay (excreta or ileal digesta-
based methods), referring to the standard tables describing feedstuff compositions (NRC and FEEDSTUFF
tables), indirect AME determination using near-infrared spectroscopy (NIRS) technique and the use of
multivariate prediction equations. Energy balance bioassay is the most reliable but time-consuming and
expensive method while nutritionists need relatively simpler and faster methods for accurate feed AME
estimation. On the other hand, contents of standard feed-describing tables are mean values obtained in a variety
of previous studies performed under climatic conditions differing fairly from those of Iran. Most researchers
agree that the values presented in the tables are not reliable and generalizable due to the extensive variability of
feed types and varieties. During the last decades, various AME-predicting regression equations have been
suggested for different feedstuffs but the data used for exploiting the equations have been obtained from animals
and feeds genetically different from the modern commercial strains and varieties. Therefore, updating the
equations using animals and feeds of today seems to be necessary. This study aimed at developing prediction
equations for AME of the most producing Iranian barley varieties.

Materials and Methods: Three trials were conducted to develop regression predictive equations for apparent
metabolizable energy (AME) of some of the most producing Iranian barley varieties in broiler chicken diets and
to compare the outputs of the equations with the AME, values estimated by infra-red spectrophotometry (NIRS)
method as well as with the values published by the national research council (NRC, 1994). In the first
experiment, 10 different barley varieties were analyzed for proximate composition. Then, in the second
experiment, total tract AME, values were determined for all of the barley varieties using 10 or 24-d-old broiler
chickens and chromium oxide as an indigestible marker. Results of the two first trials were used to develop
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AME,-predicting equations using SPSS software and “enter" procedure. To verify the accuracies of the
predictive equations, the third trial was conducted using 400 broiler chicks in a completely randomized design
consisting of five treatments with four replicates of 20 birds each. The AMEn content of the barley variety used
in the third experiment was estimated according to the following five procedures: 1) The AME, recommended
by NRC (1994); 2) The AME, predicted using the equation suggested by NRC (1994); 3) The AME, values
directly estimated in the balance trial (trial 2); 4) The AME, values predicted by the equations developed in the
2" trial; and 5) The AME;, estimated using NIRS method.

Results and Discussion: The equations obtained for 10 and 24-d-old broilers were: AMEN=
407.87*EE+27.27*NFE and AMEn= 271*EE + 33*NFE, respectively. The results showed that the AME, values
exploited from the equations developed in the energy balance assay produced the closest performance to that of
the AME, values estimated directly during the same trial.

Conclusion: According to our findings, predictive equations can be used for accurate estimating of barley
AME, value for broiler diets formulation. In addition, our results showed that the old AMEn values and AMEn-
predicting equations published by NRC (1994) and FEEDSTUFF (2014) are not accurate at least for Iranian
barley varieties evaluated in the present study.
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