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Introduction: In poultry breeding farms, density is one of the important factors in terms of welfare, production,
and health in poultry. Density can be defined as the number of birds per unit area or kilograms per unit area. High
density reduces body heat loss, bad air quality due to its improper exchange, increased ammonia level, and reduced
access to food and water, which leads to reduced feed efficiency. It seems that the stress caused by high density
can upset the balance of the microbial population of the digestive system. Improving the microbial population of
the gastrointestinal tract through the addition of different sources of insoluble fiber may be beneficial for the
development of the health and growth performance of broiler chickens grown at high densities. In Iran, rice hull
is obtained as waste from rice grain processing, which contains a high percentage of insoluble fibers. Sunflower
husks, as a byproduct, contain a significant amount of fiber. On the other hand, the sunflower hull is the outer
covering of the sunflower seed. Sunflower hull and rice hull have high fiber and low energy. Considering the
negative effects of high density and the positive impact of fibrous sources, the present study investigated the
influence of different insoluble fiber sources on the performance and microbial population of the caccum in broiler
chickens raised at high density.

Materials and methods: The experiment was performed with 390 one-day-old broiler chicks of Ross 308 strain
in a completely randomized design with a 2x3 factorial arrangement and five replications. The experiment
included two density levels (10 and 16 birds per square meter) and three fiber sources (diet without fiber, diet
containing sunflower hull, and rice hull). Characteristics of feed intake, body weight gain, and feed conversion
ratio were measured regularly and blood factors and bacterial counts were sampled on the last day after slaughter.
Results and discussion: There was no significant difference between the fiber source and density in different
growing periods on average feed consumption and relative weight of different carcass components (P<0.05). High
density resulted in a decrease in feed intake in the starter, finisher, and overall period compared to normal density
(P<0.05). Birds fed with different fiber sources showed higher feed intake compared to the control treatment in
the growth, finisher, and overall period of the experiment (P<0.05). Birds fed with a diet containing sunflower
hull and rice hull in normal density conditions showed higher weight gain compared to other treatments in the
final period. The best feed conversion ratio was observed in the rice hull treatment at the normal density level in
the final and overall period of the experiment (P<0.05). Birds fed with sunflower hull in normal density and rice
hull in high density showed a significant increase in blood HDL concentration compared to other treatments
(P<0.05). Birds reared at high density showed significantly higher blood glucose, cholesterol, and LDL
concentrations compared to birds reared at normal density (P<0.05). It may be the reason for the increase in LDL,
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glucose, and blood cholesterol concentration in high density, negative responses such as an increase in
corticosterone level, an increase in lipid peroxidation, production of free radicals, and an increase in
immunosuppression in chickens reared in high density. The interaction effect of fiber source and density level had
no significant effect on Coliform and Escherichia coli populations in cecum (P<0.05). In the presence of sunflower
hull and rice hull, high density led to a significant increase in the population of cecal Lactobacillus compared to
normal density (P<0.05). In the absence of fiber, high density caused a significant decrease in the cecum
Lactobacillus population compared to normal density (P<0.05). Diet is a major environmental factor that can
directly affect the nature of the microbiota in the host.

Conclusions: The results of this study showed that the use of fiber could improve the feed conversion ratio in
high-density rearing conditions compared with birds fed a diet free of fiber and in normal-density rearing
conditions. In addition, the use of sunflower hull and rice hull led to increased feed intake, weight gain, cecal
Lactobacillus population, and improved feed conversion ratio in broiler chickens. Compared to birds reared at
normal density, birds reared at high density showed a decrease in feed consumption, a decrease in weight gain,
and an increase in the population of the cecal Coliform population.
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Table 1. Chemical composition of insoluble fiber sources used in the experiment (%)

Parameter Sunflower hull Rice hull
Dry matter 96.34 93.20
Ethereal extract 4.3 4.6
Crude protein 6.7 4.5
Ash 3.8 20.7
NDF 78 71.5
ADF 57 63

Oiules] calises (slao,ygo o0 s slrazg> al 0> oliond oS 5 g oo LSS sl -V g
Table 2. Ingredients and chemical composition of basal diet at different periods of experiment

Starter diet (1-10 Grower diet (11-24 Finisher diet (25-42

Ingredients (%) days old) days old) days old)
Corn 47.02 49.79 53
Soybean meal (42% CP) 37 33.47 31.16
Corn gluten meal (60%CP) 5 5 3
Limestone 1 1 0.95
Dicalcium phosphate 1.57 1.1 0.90
Plant oil 3.7 5 6.5
Sodium chloride 0.23 0.23 0.23
Sodium Bicarbonate 0.27 0.27 0.27
Vitamin premix ! 0.25 0.25 0.25
Mineral premix 2 0.25 0.25 0.25
DL-Methionine 0.3 0.28 0.28
L-lysin HCI 0.3 0.27 0.2
L-threonine 0.1 0.08 -
Phytase 0.01 0.01 0.01
Sand * 3 3 3
Calculated analysis (%)

AME, (Kcal/ kg) 3000 3095 3200
Crude protein 23 21.46 19.5
Ethereal extract 5.97 7.35 8.87
Calcium 0.96 0.87 0.79
Available phosphorus 0.48 0.43 0.4
Sodium 0.18 0.18 0.18
Arginine 1.43 1.33 1.33
Lysine 1.38 1.27 1.15
Methionine 0.68 0.65 0.61
Methionine + Cysteine 1.04 0.99 091
Threonine 0.96 0.87 0.8

! Vitamin premix (per kilogram of diet) contains: 8500 IU vitamin A, 2500 IU vitamin D3, 11 IU vitamin E, 2.2 mg vitamin
Ks, 1.477 mg vitamin Bi, 4 mg vitamin Bz, 7.84 mg vitamin B3, 34.65 mg vitamin Bs, 2.464 mg vitamin Be, 0.11 mg of
vitamin By, 0.01 mg of vitamin Bi2, and 400 mg of choline chloride.

2 Mineral premix (per kilogram of diet) contains: 74.4 mg Manganese, 75 mg iron, 67.564 mg zinc, 6 mg copper, 0.867

mg iodine, and 2 mg selenium.

3 Different sources of fiber (rice hull and sunflower hull) were replaced with sand at the level of 3%.
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Table 3. Effect of fiber sources and density level on feed intake of broilers during the experimental period

Treatment Starter period (1- ~ Grower period (11-  Finisher period (25-  Whole period
10 days old) 24 days old) 42 days old) (1-42 d)
Fiber .
Density
sources
No fiber Normal 260.00 995.50 2780.02 4035.51
High 230.50 940.00 2472.13 3642.63
Sunflower Normal 263.20 1072.60 2831.68 4167.48
hull High 250.92 1076.21 2656.81 3983.94
Rice hull Normal 261.70 1049.09 282291 4133.72
High 250.59 1053.08 2579.68 3883.37
SEM 8.40 24.2086 37.00 56.94
Fiber sources
No fiber 245.25 967.75° 2626.07° 3839.07°
Sunflower hull 257.06 1074.41° 2744.20° 4075.67°
Rice hull 256.14 1051.08° 2701.30° 4008.52°
SEM 5.94 17.1181 26.16 40.26
Density
Normal 261.63* 1039.06 2811.53* 4112.222
High 244.00° 1023.10 2569.54° 3836.64°
SEM 4.85 13.9768 21.36 32.87
P-value
Fiber source 0.311 0.0016 0.001 0.001
Density 0.016 0.4782 <0.0001 <0.001
Fiber sources x Density 0.482 0.4629 0.219 0.193

&b In each column, the means with different superscripts have a significant difference (P<0.05).



Yy OO-YY) VE-Y Gl yp )z o)ledf/ p20 s Jlf sols Sladgs Olaass

oolatuwl a5 Cuwl oals ools ylis (Musavi, 2017) o4
awg g 2, Shd ojlasl b e KoldT ditwgy duo 0 4w |
o 2l Lot A Cand Cl o O3 ojlail b Lilels
amshidi, ) 0 s s 2815 5 5 35 il
5 O, diwgy o5 adllae opl mls L as (2017
S8l e J1BLN ey aude 4 Cod g Ay
ipgs 5o ol canllas wazily 5e iali8l olie
Slew a5 Wo S 5,158 Khazari et al. (2019) 5o
L sy 9 IRl (bl o) )0 g p iy sl
@ baye on 0y GRIPl reS g wols plas
Oefide g guoly BLJI e boods 4385 sloasg>
oS Slad 50 w39 el Sl a5 W5o S oumline
9 u‘»))i:l.di Alwgy LsL&:)Lou.: A S 030 6)5")3 ’bu\.f
(Mirzaie Goudarzi et al., <38l Sgy Lgw diwg
ladzrsr 2lie m3) 5o Jelomel U plgieas oad
Rezaeietal.,) o ;ja ailjg, ()59 ialidl caely iigS
(S, VYBAF T LY shasl las oliims (2014
a9y 039 GRIRl (eSle Sgatr s g5 0 Wy 41055
Sl ees b 538 Ll (205 slaazgn
O8N, « S50, VYUY o slools als 1y ailiey 59
5 49y 0y GRIP! Sl @ dugy b oad 4355
09,5 3 BXp 4 o e S Jad oo
(Hartini et al., 2019) acils (g, aiwg (o) dols
OIRT gy 55Uy b S agh
B aliseas ubo o)‘.)J l.: 9 L...Lch Lwy 9 E))J gy
515 85 5 IS (T35, YN e b 205 sloenyn
535 el st s 32y 0l b o ST gy
ol yo b wald 05,8 A Cad S (slbaz g
o, fles i sAw )ub W 0 doyd dw Gljee 4
S o oplecanlas (S0, VY o b 5isS sloazg>
Ob G (359 S el o 58 10 KolsT augy a5 o9
Amerah &llae 7S .(Jamshidi and Moradi, 2020)
obes Jimenez-Moreno et al. (2010) 4 et al. (2009)
5 039 ol Jsloeel BLII mlie 5l oolasul a5™ ols
S5 Sazsx ;0 (59 Gll 4 Sl Sy S
oo s b &S Sl g2 BB S0 (S, -7
£9 Judoas cnl (S o a3l pl ol cillas ol

adlas mls b alise wassls ol BUI ey 0y b
oS Gilidl as  wssls (5,155 Lui et al. (2021) «pol>
Sl ol cely 5le jo e yie 3 00 YO 4 V0
oz 5had (59 GlalBl (Sl g dilg) STye> s
semee sles a5 sl (I YL ST j0 (59 Sials Yo
Lgb.law D oedp UJ;)‘)B5G\.\.BL) wlp‘ 0Ly g_B‘).Jol
Syl yals g Slygs B pas (uals ceb ol sles b
Feddes etal., ) 59d o (139 Lol caomys yo ¢ (Sdgilin
olay o yol> Giegh guls .(2003; Zhang et al., 2013
Solas sl a5 (g, 9bas g Buijs et al. (2009) =L
Y o515 50 a8l (e QBN O 039 00 e
(o ol aidl L Edlg o .ais S8 ualin
3 &liey oy Ll o 3YL Abudabos et al. (2013)
oSS TA) oS o155 o atdly 0 (1555 btz
S |y (@oyaie 2 p 5ok YY) Lsgio 5 (gope e »
(rre eSS TV pS15 L (065 slaazszr &
ColB) i Gl s ol o wuls ass s 18
B a9 95 Cudled il i Bras ol
oals ] Cdlaie a5 asl o515 aul38l 51 e Sligel
5 (Reiter and Bessei, 2000) sgd oo jlasay o,
o515 Gl lalpd o (A5 sbazgx 0 ctagh
b o515 a5 08 Gl (e y2 0 aska8 NP ) 1)
Dozier et ) cusl azislas ailjs, 59 sial38l 5 651 YL o
Al e GB N 59 Lkels LYe 51 S (al., 2006
ol Srae Shex Sals @ g | Y (S5 0
L ;o Ha et al. (2021) uagh ;o ol dows By,
@l O oo @ 0k V7 WY 5l ST
28l JialS bsS gleazg> STt Bras 5 G
bB 5b oS5 2l Tuerkyilmaz (2008) aslas
P (S8 gleazgr n (s G p ks
Woged ole Jeong et al (2020) Ko hwshy
o IS isgy sl s VU oS5 55 oS ploagn
dmlie )3 B9 p Jolie pled o 00 059 GRIBl Ol
i W8I ol ST Al s slaazs b
S b lawgie polie o538l a5 o 0 olis
595 Sazgr 3 Sles Sonr Sl 0y 5 Jelowal
& iy Jaloals LI (61l uloji,hs—l Ly ol e
5B 5 (ST olge ysae lime Gl b wlsi oo g el
e ON O5g oRIP 4 (sdke dlge e Sl



Son 5 L il gi g0 A8

iy 2 lil e p)9) Galojl oy90 Jsbo yo (2555 sloazsz 39 IRl » o515 el 5 S i 51-F Jpur
Table 4. Effect of fiber sources and density level on body weight gain of broilers during the experimental

period (g/bird)
Treatment Starter period (1- Grower period  Finisher period (25-  Whole period
10 days old) (11-24 days old) 42 days old) (1-42 d)
Fiber sources Density
No fiber Ngnnal 204.72 737.58 1358.11° 2300.41
High 193.91 699.46 1264.71¢ 2158.09
Sunflower hull Ngnnal 216.72 829.92 1549.78* 2596.42
High 206.70 837.16 1406.40° 2450.26
Rice hull Ngnnal 214.30 838.93 1617.47° 2670.70
High 203.61 822.43 1351.71% 2377.75
SEM 3.84 16.0409 23.31 40.83
Fiber sources
No fiber 199.31° 718.52° 1311.41° 2229.25%
Sunflower hull 211.71* 833.54* 1478.09* 2523.34%
Rice hull 208.95% 830.68* 1484.592 2524.22%
SEM 2.72 11.3426 23.55 28.87
Density
Normal 211.91* 802.15 1508.45° 2522.51*
High 201.40° 786.35 1340.94° 2328.70°
SEM 2.22 0.2612 19.23 23.57
P-value
Fiber source 0.009 0.0001 <0.0001 <0.0001
Density 0.002 0.3044 <0.0001 <0.0001
Fiber sources x Density 0.993 0.4798 0.044 0.131

b In each column, the means with different superscripts have a significant difference (P<0.05).
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Table 5. Effect of fiber sources and density level on feed conversion ratio of broilers during the experimental

period
Treatment Starter period (1- Grower period Finisher period Whole period
10 days old) (11-24 days old) (25-42 days old) (1-42 d)
Fiber sources Density
No fiber Ngnnal 1.27 1.35 2.042 1.75%
High 1.18 1.34 1.96% 1.69%
Sunflower hull Ngnnal 1.21 1.29 1.83° 1.60°
High 1.21 1.28 1.88° 1.62b¢
Rice hull Ngnnal 1.22 1.25 1.74¢ 1.54¢
High 1.23 1.28 1.90° 1.63%
SEM 0.360 0.0168 0.043 0.026
Fiber sources
No fiber 1.22 1.34 2.00° 1.722
Sunflower hull 1.21 1.29 1.86° 1.61°
Rice hull 1.22 1.26 1.82° 1.58°
SEM 0.025 0.0119 0.030 0.018
Density
Normal 1.23 1.30 1.86 1.63
High 1.21 1.30 1.91 1.64
SEM 0.02 0.0097 0.034 0.015
P-value
Fiber source 0.931 0.0796 <0.0001 0.0001
Density 0.436 0.8684 0.295 0.587
Fiber sources x Density 0.386 0.785 0.040 0.044

4 In each column, the means with different superscripts have a significant difference (P<0.05).
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Table 6. Effect of fiber sources and density level on the relative weight of the carcass components of broiler
chickens at the age of 42 days (percentage of live body weight)

Treatment Carcass components
Fiber . . . . Gastrointestinal
Density Pancreas Liver Thigh Breast Gizzard
sources tract
No fiber Nomal 0.21 2.17 18.91 24.36 2.63 11.87
High 0.23 2.12 20.34 23.42 2.57 12/00
Sunflower Normal 0.20 2.17 19.04 23.98 2.63 12.31
hull High 0.20 2.03 18.62 24.42 2.63 12.21
Rice hull Nomal 0.20 1.80 19.08 24.10 2.80 12.22
High 0.22 1.93 18.98 24.15 2.81 12.19
SEM 0.01 0.10 0.69 0.5024 0.03 0.08
Fiber sources
No fiber 0.22 2.15 19.63 23.89 2.60 11.94
Sunflower hull 0.2 2.10 18.83 24.20 2.63 12.26
Rice hull 0.21 1.87 19.03 24.12 2.80 12.21
SEM 0.007 0.07 0.49 0.35 0.02 0.05
Density Level
Normal 0.20 2.05 19.01 24.14 2.68 12.13
High 0.22 2.03 19.31 24.00 2.67 12.14
SEM 0.006 0.05 0.40 0.29 0.01 0.048
P-value
Fiber source 0.7101 0.0888 0.1128 0.9352 0.3793 0.6075
Density 0.5299 0.8310 0.3366 0.8384 0.8971 0.9963
Fiber sources x Density 0.7908 0.5508 0.503 0.7265 0.9620 0.9433
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Table 7. Effect of fiber sources and density level on blood parameters of broiler chickens at the age of 42

days (mg/dL)
Treatment Blood parameters
Fiber sources Density Glucose Cholesterol LDL HDL Triglycerides
No fiber Nomal 164.75 131.37¢ 54.10 61.25% 61.60
High 205.25 160.10* 76.42 66.50° 63.90
Sunflower Normal 177.50 139.800 51.70 79.75% 60.67
hull High 201.00 141.95% 71.29 64.24 62.05
Rice hull No1.'mal 164.75 130.25¢ 53.85 57.00° 59.40
High 204.00 155.55% 74.57 79.00* 61.10
SEM 5.99 9.14 0.86 11.88 0.29
Fiber sources
No fiber 185.00 145.73 65.26 63.87° 62.75
Sunflower hull 189.25 140.87 61.49 72.00* 61.36
Rice hull 184.27 142.90 64.21 68.00% 60.25
SEM 423 6.46 0.61 8.40 0.21
Density level
Normal 169.00° 133.80° 53.21° 66.00 60.55
High 203.412 152.532 74.09° 69.91 62.35
SEM 3.46 5.28 0.60 6.86 0.17
P-value
Fiber source 0.4528 0.6755 0.3958 0.0211 0.5616
Density <0.0001 0.0005 <0.0001 0.0834 0.3516
Fiber sources x Density 0.0986 0.0516 0.8868 0.0001 0.9793

¢ In each column, the means with different superscripts have a significant difference (P<0.05).
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Table 8. Effect of fiber sources and density level on cecal microbial population of broilers chickens at the age
of 42 days (Log CFU.g-1)

Treatment Microbial population
Fiber sources Density Coliform Lactobacillus E. coli
No fiber Nomal 6.31° 9.00 6.43
High 6.47° 8.67¢ 6.46
c cd
N o
Rice hull Nomal 6.34% 8.92b¢d 6.40
High 6.42% 9312 6.42
SEM 0.02 0.25 0.01
Fiber sources
No fiber 6.39 8.83° 6.45
Sunflower hull 6.36 8.95® 6.42
Rice hull 6.38 9.12° 6.41
SEM 0.02 0.18 0.009
Density level
Normal 6.32° 8.90 6.41
High 6.432 9.04 6.44
SEM 0.01 0.15 0.007
P-value
Fiber source 0.6141 0.0366 0.7771
Density 0.0001 0.1094 0.4774
Fiber sources x Density 0.4361 0.0033 0.0313

#dIn each column, the means with different superscripts have a significant difference (P<0.05).
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