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Introduction: Wheat grain is normally used for animal feed in some regions, but is seldom used in others. Its
nutritional composition is very similar to that of the barley grain commonly used, but there are concerns about its
effects on the performance and health of the animals. Wheat seed is one of the grain varieties with the highest
amount of protein available for animal feed, exceeding corn. Furthermore, it has a high energy value of 3.0 to 3.5
Mcal of ME (metabolizable energy), which is an important source of energy for animal feed. The most abundant
carbohydrate in wheat is starch, a digestible polysaccharide. On the other hand, it is recommended that wheat has
a moisture content of less than 14% to avoid problems with digestibility and contamination by mycotoxigenic
fungi. Barley is an important grain which is widely used as a source of feed for ruminants. Feed deliveries during
the fattening period are the physical processing of the feed. It has been demonstrated that barley starch ferments
rapidly in the rumen. The high digestibility of barley has raised concerns regarding acidosis, lameness, liver
abscesses, and gastrointestinal abnormalities in ruminants. It is generally considered that the processing of barley
grain may be used in the feed industry to adjust the rate of digestion of its nutrients to avoid acidosis.
Consequently, the distribution of particle sizes after processing is one of the main factors influencing the rate and
extent of digestion of barley (feeding of livestock accounts for 65-70% of the cost of raising livestock). Wheat
and barley are used as the predominant source of energy for animal nutrition in most parts of the world. Wheat
seed has been used for a long time because of the extensive cultivation and livestock rearing in Iran. The most
common way of processing barley and wheat grain in the country is by grinding. Farmers prefer to use whole
grains in the production of concentrates, as the concentrate involves the use of crushed grains, but the farmer's
wish to use whole grains in the concentrate requires a study and field investigation. The purpose of this study is
therefore to examine the effects of the grain size of barley and wheat on the diet of lambs fattening and to compare
their effects on growth performance, digestibility, rumination and blood parameters.

Materials and methods: This experiment was carried out in the form of a completely randomized design with a
factorial arrangement of 3x2 with six treatments including 1. Finely milled barley grain with sieve number two,
2. Coarsely milled barley grain with sieve number eight, 3. Unmilled barley grain, 4. Finely milled wheat grain
with sieve number two, 5. Coarsely milled wheat grain with sieve number eight, and 6. Unmilled wheat grain.
Five fattening lambs aged 4-5 months with almost the same starting weight were allocated to each treatment and
a total of 30 male lambs were individually tested for 98 days, including two weeks for acclimatization and 84 days
for the remainder of the main test period. The performance of lambs was assessed in this experiment, including
average daily feed consumption, daily weight gain, final weight, and feed conversion ratio. Nutrient digestibility
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was measured by the acid-insoluble ash (AIA) method from day 80 for four days. The digestibility of dry matter
organic matter, crude protein, ether extract, and neutral detergent fiber was evaluated. Blood parameters were
measured including blood glucose, blood cholesterol (LDL-c, HDL-c), and blood urea nitrogen (BUN).

Results and discussion: The results showed that daily weight gain was significant throughout the treatment period
and daily weight gain was greater in the treatment group that consumed barley than in the treatment group that
consumed wheat (P<0.05). The impact of the grain, the type of processing, and their interaction on feed
consumption in all three experimental periods was not significant. Total feed consumption was not significant,
but it was significant during the last month of fattening (P<0.05). Lambs consuming barley and wheat milled with
sieve number eight had the highest feed consumption compared with the treatment of wheat and barley with sieve
number two and whole grains (P<0.05). The feed conversion ratio in treatments receiving wheat was higher than
that in those receiving barley (P<0.05). The type of processing had no significant impact on the feed conversion
rate (P>0.05). In the study of nutritional behavior, the results showed that the parameters of eating and rumination
were higher in the treatments receiving wheat compared to barley (P<0.05). Also, the treatments receiving
unmilled barley and wheat (whole grain) showed the highest levels of eating and rumination (P<0.05). The
treatments receiving barley and wheat grains with sieve number two also showed the lowest levels of eating and
rumination. There were no significant differences in nutrient digestibility, rumination parameters, and blood
parameters (P>0.05). Contrary to the view of the farmers that whole grains are better than milled grains, the results
showed that overall the use of ground or whole grains did not show a significant difference.

Conclusions: Overall, the results showed that there was no significant difference between whole grain and milled
grain, and even from the point of view of palatability, milled grain with a sieve number 8 had a higher consumption
rate than the other treatments. These findings indicate that milled barley grain with a sieve number 8§ may be used
as a substitute for whole barley grain in the feeding of lambs.
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Table 1. Ingredients and chemical compositions of experimental diets (% of DM)

Wheat Barley
. o Sieve Sieve No Sieve Sieve No
Ingredients (oDM) No.2 No.8 Sieve No.2 No.8 Sieve
Barley grain 0.0 0.0 0.0 52.0 52.0 52.0
Wheat grain 52.0 52.0 52.0 0.0 0.0 0.0
Beet pulp 14.0 14.0 14.0 14.0 14.0 14.0
Soybean meal 14.5 14.5 14.5 15.5 15.5 15.5
Wheat bran 14.0 14.0 14.0 13.0 13.0 13.0
Calcium carbonate 2.0 2.0 2.0 2.0 2.0 2.0
Sodium bicarbonate L5 L5 L5 1.5 1.5 1.5
Salt 0.5 0.5 0.5 0.5 0.5 0.5
Mineral vitamin supplement” 1.5 1.5 1.5 1.5 1.5 1.5
Final ration percentage
Concentrate 70 70 70 70 70
Chopped Straw 15 15 15 15 15 15
Alfalfa 15 15 15 15 15 15
Chemical composition
Metabolizable energy (Mcal/kgDM) 2.70 2.70 2.70 2.70 2.70 2.70
Crude protein (%) 14.14 14.14 14.14 14.14 14.14 14.14
Neutral detergent fiber (%) 32.00 32.00 32.00 32.00 32.00 32.00
Acid detergent fiber (%) 17.00 17.00 17.00 17.00 17.00 17.00
Calcium (%) 0.72 0.72 0.72 0.72 0.72 0.72
Phosphorus (%) 0.50 0.50 0.50 0.50 0.50 0.50

* Each kg contained: Vit A, 250000 1U; Vit D3, 250000 IU; Vit E, 500 IU; Mg, 50000 mg; Mn, 2500 mg; Zn, 10000 mg; Cu,

300 mg; Se, 25 mg; Co, 60 mg.
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Table 2. Effect of wheat and barley grain particle size on daily weight gain of fattening lambs

Average Average Average Average Final
Initial daily gain  daily gainin  daily gain in daily gain .
weight (kg) in 1-28 29-56 days  57-84 days in 1-84 W(ilg)ht
days (g) (2) (2) days (g) ¢

Grain effect
Barley 28.302 215 367 402 328 55.89*
Wheat 26.91° 200 3140 385 300° 52.11°
SEM 0.38 8.30 7.65 7.74 6.98 0.786
P-value

Grain type (G) 0.0173 0.2022 0.0001 0.1211 0.0084 0.0024

Processing type (P) 0.4820 0.9345 0.3107 0.6594 0.6048 0.4160

GxP 0.1370 0.1409 0.2855 0.5460 0.4249 0.1208
Type of processing
Mill with a sieve No.2 27.89 210 350 395 319 54.69
Mill with a sieve No.8 27.79 207 342 398 316 54.36
No sieve 27.14 205 330 386 307 52.96
SEM 0.47 10.17 9.38 9.48 8.54 0.962
Interaction
Barley x sieve No.2 28.80 229 387 407 341 57.46
Barley x sieve No.8 27.48 198 369 399 322 54.36
Barley x No sieve 28.62 219 345 401 321 55.66
Wheat x sieve No.2 26.98 192 314 384 297 51.92
Wheat x sieve No.8 28.10 217 315 398 310 54.16
Wheat x No sieve 25.66 191 315 372 293 50.26
SEM 0.66 14.38 13.26 13.41 12.09 1.36

#b Means within the same column with different superscript letters had a significant difference (P<0.05).
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Table 3. Effect of wheat and barley grain particle size on daily feed consumption of fattening lambs (g/day)

. Average daily Average daily feed Average daily feed
Average d.a ily feed feed consumption  consumption in 57-84 consumption in 1-84
consumption in 1-28 days in 29-56 days days days

Grain effect
Barley 921.74 1193.1 1530.6° 1215.4
Wheat 925.41 1193.1 1555.8¢ 1222
SEM 8.89 8.18 6.47 5.08
P-value

Grain type (G) 0.761 0.447 0.011 0.3681

Processing type (P) 0.108 0.0009 0.0001 0.0001

GxP 0.307 0.341 0.5839 0.5624
Type of processing
Mill with a sieve No.2 919.25 1177.1° 1509.3° 1201.9°
Mill with a sieve No.8 942.26 1224.4* 1595.1¢ 1253.9¢
No sieve 909.19 1166.5° 1525.1° 1200.3°
SEM 10.86 10.04 7.95 6.23
Interaction
Barley x sieve No.2 922.67 1191.6 1498.2 1204.1
Barley x sieve No.8 926.58 1230.5 1587.4 1248.1
Barley x No sieve 915.83 1159.5 1506.1 1193.9
Wheat x sieve No.2 915.83 1162.6 1520.4 1199.6
Wheat x sieve No.8 957.94 1218.4 1602.9 1259.7
Wheat x No sieve 902.47 1173.5 1544.2 1206.7
SEM 15.356 14.195 11.247 8.775

b Means within the same column with different superscript letters had a significant difference (P<0.05).

e Gals g aeSs  Sgle ol palS cege
WS 0 g Wigdh oo oSl 04lg30 3118 i glaasl
clls wlys ol jerdy |, Slygs Brae e ialS
009 Sy ool ogdle (Strasinska et al., 2009)
Qg oo 5 Al AeSE ojled p cdule Sl (STyg>
Sl (s el Lid Lol yod oot Gl joss ) Jol>

(Knowlton, 1998) 545 o
slelos ;o Slygs Brae Jlade uil> uagh o
o)los S L ooy wlowl ails g JalS als samiS el o
als oSl o sloyles @ Cad () slew) 9
a5 o pieS (Cub,ye) cuia o)led S L sad wlw!
bglore o piman g JolS alo 4y oy Jilos pae 3l oylis
oley Sae JolS dils 8 pan o )ls (90 o lels SN 6°)T
bl Gln ) S Glej g sl Gl Iy 6 i
@l Bl jmals cel axas jo a5 o135 o B alo
92 4l (0 (Ggw 3l el co JolS dils (g Lus] B pae
LY &o); 519"’2“’ 9o o)LoJ(: Y L: 0Ll ULM:T ‘m).j 9
sbul cdeay Yim! o5 WS o adgs 6,1 omlass

ol o 1y 5 o lsiy STy Sz JS 51
Qilgs oo a5 Wb oo GliEl SThes Brae was il
4o (Fokkink et al., 2011) 598 oy o Slas dguge Sl
oyleds SUL ons Jlowd STyg Byan ol gl
S5 adg ans al L, Jpame &5 i
SHL oas Jlows STyez a4y o 1) Cngllae o iy
(e g S o oy (68,] Jgpame a5 g0 o leds
sls JolS dils jleys

Sty Bpan el e g Slye STyo5 o>
Slygs Bras .ab dolgs Ay Sgupy Aol ;0 g plo 0
21y i Saglhas els lp VL 65505 egn b
J;SGA .)L’>u| Lg;)o.a b|9.a s_).).> 9 fv..a.b ‘J)m )L).li.a
als jl alie gas o colaiwl (Hosseini et al., 2019)
3 Gl g Dol lum ! 5l o j0 paiS g 5>
2,55 olou| Sy 8 pas

S b ead Clewl S1)e5 aiitad aiiae (ubie S
el i ST)ss b aalio ;5 ()95 099 sl o
Sl a2l g asa Jll! sladobe od axslS
(Beharka et al., 1998) wigd oo 4l 5oy o
5 0oldl pls 4y laasli pl GYa¥ ;o Sl 5, sl



04 @OV-FE)NVE-Y s ip ez o)ladlm20 s Jlof ol Oladgs Claass

B s o pdiS &ild B pas a5 Jl> 0 cailatils s
O ygods 52 g paiS l eolaiwl .l onls (g ity STyg>
3o Las (5ls p sro p i ;5 oud Clew 5 JalS &l
a2l )0 sl e )3 0590 S 50 ailis, (y59 Sali8l
Gy g YL gl pme jsbay palS 4y Lo >
92 Ald 4y s S Aild B pan 4y oy Joled «STyg>
Iy Gl sre Dglas Ll wgy YL (goue bloday iz o
ot S LT L 55518 55 2,55 (e bl Bl
@ S 1) (G iiin Slys> B pan (LSl ailo) cuin
Sl yLis (68,]) 99 ojles SIL olewl 5 olS Jlous g0
4 5> oaS Il e ol has cepo s o
poiS eaiiS el yo ol Jood cu po 5l e Sl
Y

oyl (e 50 0590 U 5 il 039 ol a5 LT
0,55 JS > Shys> Brae e rizran 5 Ad o sne
S sian 9> g paiS caSCdl o it lo,les o
Sy s ey 2 olat Sitas o ssboplan i
sjles Jias caye ol G &5 Wb o 5
slolesd 4 Coms e 3o g caS el 0
S comizmen 5 pom 9 p93 Slacle ;5 puiS saiiS el
sl aulis pas cobld ow)p 10 .000,5 olo o)g0
oS Cewl 0l 418 I 4zl So0hl Ghgya 00l (5518
5 0055 05 S Gosldes b oles puiS 5518
95 4SS )3 Spdva s GRalS 4 e (595 ol
G ol il o i 5 s CollB 2l
R o5 S has cepd spe le pbe
by, 45 ol medsi iz Ol ) (Send sl
Gl cdadbre caw IMe dils (5,018 alisxe
30 5058 malS Corge a5 0l wislgs atwlis glasess
.(Ghoorchi et al., 2013) 55 g0 4eSss

4l 5l (SThss dlse jsee 5 eld ojlal als L
30 Shgd Brae Hlaie Cunl (Sow bl wuly oo 2ol33]
1268 el o oy by Bl ey it e 5
Spae Sl ol o 0l bl (o Baus leseis
(Yang and Beauchemin, 2006) s ,lai 594 S1)5>

s Sl consllas ol el las o S
5 0l 3,5 g o AlnSd sladils s, se LS A4y e
ilesl Sllp lp | Cdguiio cp ity (gl 0l
Sl 4ol ol oy

SV Cools Ll puS )5 Sese Slaitign
a5 auS oo oll las yo 1) Glodinz 098 g i
pan gals g ol Bl Sl 4 jeie Yo
(e (Van Saun et al., 1989) wigd oo (sdin olge
sA.C}.w o.).;.:5~>9.x>u 4.L>]a U’le &S Gl 00 J”)‘)f
(Stobo et al., ol &l)d So58 eiad (09,500 pedd
25900 Gl a3l a5 (5 ,See Jlail sl
4S5l (S olge j5ee Sy Sl el b (e
aals g UKo 5 LS ames o Ylas| o9l
Rod S8 hie g Sute Julse Sl (slasgeze STy
Shye> bas oy 0 B obmyl pas o a2
oz b sloog S )3yt alyy; j9 Gl 9 2980
4 byye L oot Olawl 5 JolS ails byl (55l
(Shiasi et al., cul b los o1 jo S1)95 G pan il
2014)

2 g g oad Slesl g ails 655108 S gy 50
57 095 b dmlie ;0 (Sg 5> 095 «s)lsn slaoy
(et g Gl 65YL Spas Sid sole g9
2 pol Giegh mls Las ol lis ) e el
(Babker et al., 2009) 5gs 5l

Pl T gy | fol ol STy et
9 (5)‘5).3‘ 6La:o).g G‘“\'c 0y 3O r:.\.lf 9 9= &ls &:‘)5
5 praomb gz eauSdln sloles ol ond
Iy b coype iVl puiS couScdl o sloles
odnlin g lo gue gy w@le ails JI sy o asils
coye p Jlie BT 5 65902 g9 S (P</+0) ui
AlS s g ST baws

pls (gl pusS wils a4y Cod 92 Wil B pan sy o0 Hhaiay
loyles o] 50 5 Sl 00l Sy b o pd 4 e
Slyer o coypo jals 0 9> alb sauSedl o



ghie Slge wan ol glaydis L8, i, o, Slas s e g g2 als 3 oglul L3

‘)Mﬁwéwb\i‘“ 7

Silon sop Shed Lo curd 9z g paS S5 ol JI-F oo
Table 4. Effect of wheat and barley grain particle size on feed conversion ratio of fattening lambs

Feed conversion
ratio in days 1-28

Feed conversion
ratio in 29-56 days

Total feed conversion
ratio in 1-84 days

Feed conversion ratio
in 57-84 days

Grain effect

Barley 7.38 6.28° 6.82° 6.73°
Wheat 7.68 6.77* 7.06* 7.09%
SEM 0.165 0.071 0.079 0.081
P-value

Grain type (G) 0.204 0.0001 0.046 0.0047

Processing type (P) 0.810 0.1909 0.360 0.3401

GxP 0.220 0.508 0.418 0.4712
Type of processing
Mill with a sieve No.2 7.43 6.40 6.83 6.79
Mill with a sieve No.8 7.62 6.63 7.01 6.99
No sieve 7.56 6.56 6.99 6.95
SEM 0.202 0.088 0.098 0.099
Interaction 7.08 6.08 6.69 6.53
Barley x sieve No.2 7.08 6.08 6.69 6.53
Barley x sieve No.8 7.75 6.37 6.99 6.91
Barley x No sieve 7.31 6.39 6.78 6.75
Wheat x sieve No.2 7.79 6.71 6.96 7.05
Wheat x sieve No.8 7.48 6.88 7.03 7.07
Wheat x No sieve 7.80 6.73 7.18 7.15
SEM 0.286 0.124 0.138 0.141

b Means within the same column with different superscript letters had a significant difference (P<0.05).
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Table 5. Effect of wheat and barley grain particle size on nutritional behavior of fattening lambs

Chewing Eating Rumination Resting

Grain effect
Barley 486.67 255.27° 231.4° 953.33
Wheat 519.27 270.8° 248.47* 920.73
SEM 5.279 3.017 2.972 5.530
P-value

Grain type (G) 0.1421 0.0013 0.0005 0.1233

Processing type (P) 0.0001 0.0001 0.0001 0.0001

GxP 0.5664 03716 0.1096 0.5961
Type of processing
Mill with a sieve No.2 463.7° 242.5¢ 221.2¢ 976.3*
Mill with a sieve No.8 499.3° 260.7° 238.6° 940.7°
No sieve 545.9* 285.9* 260.0? 894.1°
SEM 6.465 3.695 3.64 11.67
Interaction
Barley x sieve No.2 540.2 238.8 219.2 981.3
Barley x sieve No.8 564.4 249.6 226.4 964.0
Barley x No sieve 599.2 277.4 248.6 914.0
Wheat x sieve No.2 558.2 246.2 223.2 970.3
Wheat x sieve No.8 580.4 271.8 250.8 917.4
Wheat x No sieve 599.2 294.4 271.4 874.2
SEM 9.144 5.226 5.147 16.51

*b Means within the same column with different superscript letters had a significant difference (P<0.05).
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Table 6. Effect of wheat and barley grain particle size on the digestibility of dry matter organic matter, crude
protein, ether extract, and neutral detergent fiber (percentage) of fattening lambs

Dry matter ~ Organic matter Crude protein Crude fat ~ NDF

Grain effect
Barley 71.51 73.56 61.46 67.12 51.44
Wheat 71.40 73.45 61.44 67.36 51.46
SEM 0.208 0.191 0.175 0.197 0.173
P-value

Grain type (G) 0.7278 0.6716 0.9489 0.4128 0.9227

Processing type (P) 0.9858 0.8714 0.8171 0.9456 0.8879

GxP 0.514 0.9901 0.7867 0.8523 0.6319
Type of processing
Mill with a sieve No.2 71.46 73.6 61.36 67.27 51.51
Mill with a sieve No.8 71.48 73.48 61.43 67.17 51.48
No sieve 71.42 73.43 61.55 67.28 51.37
SEM 0.255 0.234 0.213 0.242 0.212
P-value 0.9858 0.8714 0.8171 0.9456  0.8879
Interaction
Barley x sieve No.2 71.3 73.69 61.47 67.08 51.54
Barley x sieve No.8 71.74 73.53 61.33 67.17 51.3
Barley x No sieve 71.49 73.47 61.58 67.12 51.47
Wheat x sieve No.2 71.63 73.52 61.26 67.45 51.47
Wheat x sieve No.8 71.23 73.43 61.53 67.18 51.65
Wheat x No sieve 71.35 73.39 61.54 67.43 51.26
SEM 0.361 0.331 0.302 0.341 0.299
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Table 7. Effect of wheat and barley grain particle size on blood parameters of fattening lambs

Glucose  Triglyceride Cholesterol .Urea Hl gh dens; ty L.OW dens¥ty
nitrogen lipoprotein lipoprotein

Grain effect
Barley 73.11 18.06 71.29 18.69 35.17 27.1
Wheat 72.96 18.14 71.41 18.53 35.53 26.81
SEM 0.481 0.081 0.253 0.199 0.285 0.348
P-value

Grain type (G) 0.8252 0.529 0.7293 0.5794 0.3817 0.5669

Processing type (P) 0.1902 0.4961 0.8496 0.9588 0.6728 0.4986

GxP 0.9087 0.6906 0.7982 0.6657 0.8078 0.5722
Type of processing
Mill with a sieve No.2 73.63 18.05 71.44 18.62 35.096 27.32
Mill with a sieve No.8 73.34 18.06 71.41 18.56 35.45 26.95
No sieve 72.15 18.2 71.21 18.65 355 26.6
SEM 0.589 0.1 0.31 0.244 0.349 0.426
Interaction
Barley X sieve No.2 73.8 18.05 71.34 18.84 34.9 27.41
Barley x sieve No.8 73.53 18.06 71.22 18.66 35.44 26.81
Barley x No sieve 72.01 18.09 71.31 18.56 35.17 27.09
Wheat x sieve No.2 73.45 18.05 71.54 18.4 35.29 27.23
Wheat x sieve No.8 73.15 18.06 71.6 18.45 35.46 27.1
Wheat x No sieve 72.28 18.31 71.11 18.75 35.84 26.11
SEM 0.833 0.142 0.438 0.345 0.494 0.603
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