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Table 1- Chemical composition of dietary fiber sources and particle size distribution (g kg' DM)

o e

o drilys Fiber sources?
Parameter! 1,30l3] g S 8L pAS pogms

SFH SB WB
[EGES
Dry matter 923 548 891
S5
Ash 30.3 45.4 63
P Oean

48 14.5 14
Crude protein 5
wrlelas 46 4 45
Ether extract
Pl b

484 4 1
Crude fiber 87 50
LSS 0gd 4 Jelowel AL

6 8 4
NDF 93 30 46
oizsds 5 Jobxal 3L
Sl 468 630 155
ADF
Srb iy Sl )ing,S

18 106 1
NFC 3 0 30
alyd ol Cudyd 59) Cudiyd 59) Sy 55)
Screen size (um) Coarse? Fine* Coarse Fine Coarse Fine
3000 0.63 0 0.79 0 0.99 0
2000 3.24 0.05 6.25 0 6.53 0.156
1000 12.69 36 28.32 7.75 51.6 9.012
500 74.18 36.75 28.65 31.51 22.49 31.13
212 5.25 19.05 11.85 17.48 11.25 16.356
125 1.57 5.23 17.47 25.6 4.11 24.13
75 2.44 2.92 6.67 17.66 3.03 19.216
GMD? + GSD ¢ 729.72+1.73  684.57£1.25 587.97£1.52  314.88+1.38  914.7241.30  318.14+1.41

INDF; Neutral Detergent Fiber, ADF; Acid Detergent fiber, Non-Fiber-Carbohydrate (NFC)= 100-(CP + Ash + EE + NDF),
2 SB; Sugarcane bagasse, SFH; Sunflower hulls, WB; Wheat bran.
3Fiber source ground through a 3.0-mm screen.
“Fiber source ground through a 1.0-mm screen.
> GMD: Geometric mean diameter

¢ GSD: Geometric standard deviation
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Table 2- Ingredients and Chemical composition of the experimental diets (g kg DM).

oy 213 p301 SW'L"' . 5
. . tarter TOwWer
Feeds ingredients dlto 20 I 042
é, 3 248 2957
orn
}’; . 300 300
arley
P (g 20 TF b g oS 302.7 256
Soybean meal (44% CP) ’
ey Moy £el0 L ale g 30 20
Fish meal (60.5% CP)
u"‘l:f d-é?) 50 65
Vegetable oil
Sl 13.5 14
Limestone ’
Olawd w......JS~ <2 12 8.5
Dicalcium phosphate ’
DS 3 2
Sodium chloride
S (o mde
- S 1.8 1.8
Sodium bicarbonate
ey 9 (Faxe dlge JoSe 25 25
Mineral and Vitamin premix’
osie Jl e 25 12
DL-methionine
o = J 1.5 0.8
L-lysine HCI
&b awle
Sand? 30 30
whows OS5
Chemical composition
edylie LB 53 2021 3061
AME (kcal kg™")
E‘;wax 210.2 191.5
gg‘ ol 70.1 85.6
EBF e 422 399
§ 10.2 90
Calcium
DR ) yhud 45 35
Available phosphorus
o 2 1.5
Sodi_um ’
o) 14.4 12.6
Arginine
o 14 116
Lysine
Orisee 5.8 42
Methionine
Ot + (gt 9.3 7.3

Methionine + Cysteine

S ke YAV dtp S Lo ¥ev e Cutp S Lo YA Zn 45 Juo Yoo v Fe (p)5 Lo YAPA- MD 153405 00 ol 0y p S okS sa (lil ]y 15 polie woling g (Stne dlgo JoSo

pScdee Voo Bi poling 0,5 oo Are K3 uolig p)5 Juo VFFre B ool ¢ Madlipy doly Avevss D3 poliyg fMadlip doly YForren A yeliyg S dee Ar Se )5
£S5 dee ¥ om0 )8 (oo YAV + (gl mandS 60 )5 oo MV (sl 405 Lo & Bz fuebing )5 oo ¥ o Bo Cpuoling 0,5 o VWYE B puolig 0,5 oo YFF+ Bo yuolig
e e S S

1 (0l dwle o 5Sole wglite (b3l 5 pud ilisee o’
'Provided the following (per kg of diet): Mn: 39,680 mg; Fe: 20,000 mg; Zn: 33,880 mg; Cu: 4,000 mg; I: 397 mg; Se: 80 mg, 3,600,000 IU Vitamin
A; 800,000 IU Vitamin Ds; 14,400 mg Vitamin E; 700 mg vitamin Bi; 800 mg vitamin K3; 2,640 mg vitamin B>; 1,176 mg vitamin Bs; 400 mg
vitamin Bo; 6 mg vitamin B12; 11,880 mg Niacin; 3,920 mg Calcium pantothenate; 40 mg Biotin; Choline chloride: 100,000 mg.
2 Sand was replaced by 30 g/kg sugarcane bagasse, sunflower hulls, or wheat bran (1 and 3 mm particle sizes) in starter, and grower phases of
experiment.
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Table 3- Effect of particle size (fine' and coarse?) of different sources of insoluble fiber on growth performance of broiler chickens at

1-42d.

o (P5) 0% 035 LB (p5) Brae Shys> Shey b cups
Treatment Body weight gain (g) Feed intake (g) Feed conversion ratio

1-42 d 1-42 d 1-42 d
J=s 2326.31¢ 4643.1 2.00?
CTL?
s L
SB*
2 2433.423bc 4701.4 1.932
fine
b 2401.46 4501.0 1.87
coarse
PAS poge
WB?
}i) 2542.19%b 4588.7 1.80¢
fine
b 2460.29b¢ 4609.3 1.88b
coarse
O, RobsT digy
SFH®
2 2548.1220 4638.7 1.82°¢
fine
S 2590.012 4595.4 1.78°
Coarse
0o line ol 23.49 27.44 0.01
SEM’
S e e 0.01 0.67 0.001
P-value
Sl b glie Slolie 0.004 0.65 0.0005
Control vs. fiber
02 9 5y S lie 0.56 0.24 0.70

fine vs. coarse

(P< ~/~b) Lk S350 b gyl pixe glas (gl alial By (> (sl 1 Sl (g o 3 a-c
OS] gy ™ paiS agaas ® Sid BT (2l o) J5ES T e e ¥ 0l o1 b ke o e ) b ejlail b b gite’
*¢ Means with different letters within the same column differ significantly (P<0.05).
'Fiber source ground through a 1.0-mm screen.?Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
’SEM = Standard Error of Mean.

ol byl 53 A8l oo w3l Gialesl L 38l 5 45 09 00 2 Jsloeels jd a5 0,8 ()1 (1Y) phlSen 5 ol L
Po) Jaloeels yud dmd £ LY g58] a8 W0 )ST )15 s 4 o bl ) Shygd Gpas lise g 608l 2865 (sladsgs
St Esl paS a0l o (almope )3 ey (g 9 w8y S sladag o (g ORIl g S s s dene
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Table 4- Effect of particle size (fine! and coarse?) of different sources of insoluble fiber on energy (Cal /g weight gain) and protein
efficiency ratios of broiler chickens.

(575 )8) 551 o33k OBgn o3k

o el 09 A5 090 0399 JS BRSPS 35y 0y93 093 JS
Treatment Starter period  Grower period  Total period Starter period ~ Grower period  Total period

121d 22424 1-42d 121d 22424 1-42d
Jrs 4455.9 6727.8 5970.9* 3.12 2.39¢ 2.50¢
CTL3
s L
SB*
2 4658.7 6329.6° 5787.2e 2.99 2.54° 2.58¢b
fine
Ry 4632.8 6077.4b 5607.2b 3.00 2.65% 2.66%
coarse
PAS poge
WBS
2 4309.2 5929.0¢ 5397.8¢ 3.23 2.712 2,772
fine
by 4378.9 6198.7% 5616.0% 3.18 2.60% 2.67
coarse
O, oLl digy
SFH®
2 43873 5954.5¢ 5444.6¢ 3.17 2.70° 2.74
fine
by 42382 5957.9¢ 5406.4¢ 3.28 2.70° 2.76
coarse
e line ol 50.28 62.75 50.54 0.03 0.02 0.02
SEM?
S e 0.22 0.0002 0.003 0.22 0.0002 0.002
P-value
S ed o Sluslie 0.88 <0.0001 0.0005 0.85 <0.0001 0.0006
Control vs. fiber
a9 ey S duslie 0.76 0.65 0.70 0.75 0.58 0.63

fine vs. coarse

c

(P< ~/~b) L S350 b gyl pixe glas (gl alial g > (> (sl 1Sl (g o a
OS] gy ™ oS g Sits LT (0 o) S8 e T e (o Y OID 05L1 Ly ke ke o ) 5 a3l L b !
*¢ Means with different letters within the same column differ significantly (P<0.05).
'Fiber source ground through a 1.0-mm screen.?Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
’SEM = Standard Error of Mean.

(59 TY=Y o) g 093 IS 9 (595 TY-VY () bdrg> (95 9 <551 033l Cud r Blizee glajlags

b obine )5l e s sladagr Tgn 5 50 035k Capes 15y 093 3 (etalejl (slaylass Conl 0 &I T Jodo )3 (b8
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031 b pAS ogea g yio duo dw 9 S5 0300 g3y 3 ol Kolid]
09,5 jl yiiin (P<+/40) gyl ime yobo &y oo S 2y
Jo—ed 3 odlatul )50 il am ang L () JSK5) 392 Sals
GBSk 5 las w5l able oS Wl Sl (edls duloe
Sl i g 0)9> Jobo g (2l 0jg «Shed s cups S
O B8 fAS cupd g 0k (g o Jelos cnl Sl P g
I me bl (gl gxe BWBI (559, ¥Y > iulejl (slaog,S
OP9 S 9085 (339 (g Vb e & Bl oo W (a3 LS
Wy s9bo sbao e 1457 (olaog)S > S Jas oyl
Sl o3l b paiS ogew g cudyd g 3y ol o5l b b Kokl
A5l 6,8 ealaiwl

390 4
370 4
350 4
330 A

SEM:5.89
P=0.01

Sy S el plaus
European Efficiency Factor

elieLas SBuy )0y (b 3 (P<-/+0) Lob ol
Gl A dald 09,5 b duslie jd L i85 Jolowel jud calises
e NI |y 890 5 (551 033l S (i 5 yeS
(5595 YY=) () Uagn 0393 JS 52 09 9 (6551 035k s
o A BAE a s el pud calise wlio b aS” SBWy, 40
4 aald 0g)5 b duglis )0 o Lo G l)d ojlil b S (WSl
Al |y Hlde cp g 9 (S o
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Figure 1- Effect of particle size (fine! and coarse?) of insoluble fiber on European Efficiency Factor (EEF) of broiler chickens.
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Basal diet (control, CTL), Sunflower hulls (SFH), Sugarcane bagasse (SB), and Wheat bran (WB) ground through a 1.0 (fine) or 3.0
mm (coarse) screen that were added to the control diet at 3.0%.
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Table 5- Effect of particle size (fine! and coarse?) of insoluble fiber on villous height (um) , crypt depth (um) and villous
height /crypt depth of the duodenum and jejunum of broiler chickens at 42 days of age

o5 (um) ;5 elis)| (Hm) cop S 3os S Gos 4 iy )
Treatment Villus height (um) Crypt depth (pm) Villous height /Crypt depth
Duodenum  Jejunum Duodenum  Jejunum Duodenum Jejunum

é{;; 1518.04¢ 1504.56 208.44 222.77 7.02¢ 6.76

Suis L

SB#

- 153588« 1525.86 200.92 229.21 7.66< 6.66

fine

29 1653.97° 1574.66 201.35 224.66 8.22 7.06

coarse

PAS poge

WB?

t}f) 1596.46®  1522.34 198.84 213.16 8.04 7.04

ine

2 1628.89  1514.02 192.43 216.28 8.472 7.11

coarse

O1,SosT dgy

SFH®

- 1576.16>¢  1519.89 193.62 215.95 8.14%® 7.05

fine

2 1614.892  1544.93 201.35 214.15 8.02® 7.21

coarse

Sile e oLz

g}’;\;{; T 10.69 12.77 1.95 2.52 0.10 0.08
‘ .

;’V’ail‘; g 0.0003 0.85 0.38 0.58 0.02 0.64
55| b qolio duslis

S e e 0.0004 046 0.07 0.60 0.002 031

Control vs. fiber
Sy g joy ©lyd dulie

0.0004 0.46 0.89 0.84 0.115 0.28
fine vs. coarse

-c

(P</40) sin 50385 b (6l gime glis syl aslitli g (lyls (6l Silio g oo p3 ¥
OS] gy ™ paiS aguas ® oSitd BT (ko) J5ES 0T e e ¥ o1 b e et e ) b ejlail b b gite’
*¢ Means with different letters within the same column differ significantly (P<0.05).
'Fiber source ground through a 1.0-mm screen.?Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
’SEM = Standard Error of Mean
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Table 6- Effect of particle size (fine' and coarse?) of insoluble fiber on villus thickness (um), epithelial thickness (um) and
goblet cell number (per 100 m villus height) of the duodenum and jejunum of broiler chickens at 42 days of age

Sows i Cuelus poslin Colus a5 slo sl dlass

Treatment Villus thickness Epithelial thickness Goblet cell number
Duodenum Jejunum Duodenum Jejunum Duodenum Jejunum

Js 231.38 166.01 37.06 33.76 16.00 21.16

CTL?

Suis L

SB*

2 224.04 173.10 37.09 33.64 16.17 19.83

fine

by 217.59 161.24 34.21 33.61 15.16 19.33

coarse

PAS poge

WB?

2 211.73 165.09 36.21 34.17 15.25 19.66

fine

by 217.17 160.21 38.03 34.83 1591 18.50

coarse

O, L8] dgy

SFH¢

2 217.88 174.17 36.06 33.63 15.50 19.66

fine

Ry 210.85 166.36 36.26 32.82 15.58 18.50

coarse

e e oliz 3.61 2.19 0.89 0.50 0.20 0.32

SEM’

)b e gl 0.80 0.56 0.96 0.98 0.85 0.36

P-value

Jys 0.19 0.91 0.79 0.98 0.53 0.04

Control vs. fiber

€553 5 oy )3 Al 0.74 0.10 0.89 0.95 0.86 0.88

fine vs. coarse

1, gy ” (paiS pogew ® St WL Tl opn) JyiS ope "yt oo ¥l 0501 b b aie yie o V ) o)l b pud auie!
IFiber source ground through a 1.0-mm screen. 2Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.

7SEM = Standard Error of Mean
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Table 7- Effect of particle size (fine! and coarse?) of insoluble fiber on litter moisture content of broiler chickens at d 35 and 42.
oS (5595 YO () s Cugho) (slyine (592 YY () s Cugho) (slyiee
Treatment Litter moisture content % (35 d) Litter moisture content % (42 d)

é’;}i 50.14 60.58*

Sk 5L

SB*

f;’ 44.43b 54.16°
me

b 4381 54.13b

coarse

PS5 Lpages

WBS

f...) 43.66° 53.77°
me

Cbyd

44.58° 54.74%
coarse

s ST gy

SFH®

f;’ 44.13b 54.66°
me
b 43875 54.10°

coarse

SSke o oLzl
SEM?

S e gl 0.001 0.02

P-value

S L b e anlie <0.0001 0.0004
Control vs. fiber

0.52 0.62

2 5 Jy oy duglis 0.98 0.91
fine vs. coarse ] .

(P< +/00) aien ,SuiSy b o)l siee glas sl alial By glls (sl Solin oy 2 3 7P

S gy T S g Sitih oL T (s o) J5S 0yt (oo ¥ 3 oLl b b i ™ gt e V ) e5ll L yd e’
b Means with different letters within the same column differ significantly (P<0.05).
'Fiber source ground through a 1.0-mm screen. 2Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
7SEM = Standard Error of Mean
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Table 8- Effect of particle size (fine' and coarse?) of insoluble fiber on hock burn, footpad dermatitis and breast
burn of broiler chickens at 42d.

Lo .. e o) by S o5 5 S0 )) s v
’" (100) & (3555 Joaie (S5 5 AN fbor) w3
Treatment Footpad dermatitis Breast burn
Hock burn
Score Score Score  Score Score Score  Score Score Score  Score Score Score

0 1 2 3 0 1 2 3 0 1 2 3
Jrs 0 7.14 33.33 100 8.11 26.32 0 0 0 25.00 50 100
CTL?
Sis L
SB*
2 0 14.29 16.67 0 16.22 10.53 0 0 14.71 18.75 0 0
fine
Ry 0 19.05 0 0 21.62 0 0 0 23.53 0 0 0
coarse
PAS poge
WB?
2 0 11.90 25.00 0 10.81 21.05 0 0 17.65 12.50 0 0
fine
0 100 11.90 16.67 0 13.51 15.79 0 0 14.71 12.50 25 0
coarse
g
b,k
SFH¢
f) 0 16.67 8.33 0 13.51 15.79 0 0 14.71 18.75 0 0
Fine
by 0 19.05 0 0 16.22 10.53 0 0 14.71 12.50 25 0
coarse
e g <0.00  <0.00 <0.00  <0.00 <0.00 <000 oo
b . 01 01 . 01 01 . . 01 01 : .
P-value
;éw‘ <t - 253’0 48.00 - 222.0 95.00 - - 17(())’0 80.00 8.00 -

I, R8] g T paiS ogew ® (s WBL T (Wb opn) J5S 0" gme e ¥ 05l b pud giie " ie oo ) ) o)l b yud e’
'Fiber source ground through a 1.0-mm screen. 2Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
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Introduction Barley is one of the cereal grains that used to supply energy in broiler diets, but high content of
non-starch polysaccharides (NSP) such as -glucans, has limited the application of it in poultry diets. It has been
shown that NSP can increase intestinal viscosity, reduce litter quality, compromising the access of digestive
enzymes to dietary components by protecting lipids, starch, and protein, and cause poor productive performance.
Recent studies have shown the inclusion of moderate amounts of insoluble fiber or coarse particles in the diet
increases the retention time of the digesta in the upper part of the gastrointestinal tract (GIT) (i.e., from crop to
gizzard), improves the development and function of the gizzard, and increase the secretion of HCl in the
proventriculus in broilers. The objective of this study was to determine the influence of supplementing insoluble
fiber sources in different particle sizes on energy and protein efficiency ratios, intestinal morphology and welfare
indices in broiler chickens fed barley based-diets.

Materials and Methods Ross 308 (n=308) were used in a completely randomized design with 7 treatments,
4 replicates and 11 chickens per replicate for 42 days. The dietary treatments included: a barley based- diet
(control, CTL) or Sunflower hulls (SFH), Sugarcane bagasse (SB), and Wheat bran (WB) ground through a 1.0
(fine) or 3.0 mm (coarse) screen that were added to the control diet at 3.0%. The CTL diet included 3.0% fine
silica sand as filler that was replaced by the same amount of insoluble fiber sources in the corresponding diets.
The dry sieving method was used to determine the particle size distribution of diets. Body weight gain (BWG)
and feed intake (FI) of each pen were recorded. Feed conversion ratio (FCR) adjusted for mortality and it was
calculated by dividing FI with BWG for each period of the experiment (1-21 d and 22-42 d) in total period (1-42
d). The welfare indices were examined at 42 days of age. Litter moisture was measured on days 35 and 42 of the
rearing period. For the purpose of small intestinal morphological studies, the digestive tract of slaughtered birds
(two birds of each replicate) was removed at 42 days of age and from two small intestine sections including
duodenum and Jejunum, two centimeter-long Isolated.

Results and Discussion The results showed that different sources of insoluble fiber showed significant effect
(P< 0.05) on energy and protein efficiency ratios during growth period (22-42 days of age) and whole
experimental period (1-42 days of age). During the entire experimental period (1-42 d), dietary inclusion of SFH
(coarse and fine) and WB (fine particle size) improved BWG as compared to the CTL diet (P < 0.05). Dietary
inclusion of WB and SFH in both particle sizes (coarse and fine) and SB (coarse particle size) improved FCR as
compared to the CTL diet from 1-42 d (P < 0.05). The villus height and villus height to crypt depth ratio in
duodenum of treatments fed insoluble fiber with the exception of sugarcane bagasse with particle size of 1 mm
showed significant increase (P<0.05) in comparison to control diet. The number of goblet cells in jejunum of
treatments fed insoluble fiber significantly decreased (P<0.05) when compared to control group. The relative
frequency of score two welfare indices was higher in control treatment. Reports have indicated that soluble and
insoluble non-starch polysaccharides (NSP) affect digestive organs and intestinal morphology of broilers. Coarse
fiber and large particles may increase villi length in gastrointestinal tract. Therefore, increased villi length
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resulted in increased surface area for more absorption of nutrients. Currently, the control of litter moisture is a
priority in the broiler industry to reduce productivity losses and minimize bird welfare issues due to footpad
dermatitis (FPD), hock burn (HB), and ammonia production. Wet litter was found to increase FDP, HB, and
breast irritations and reduce broiler performance. The inclusion of 3% fiber in the diet resulted in lower litter
moisture content.

Conclusion Overall, the results showed that dietary inclusion of three percent of different insoluble fiber
sources improved energy and protein efficiency ratios, intestinal morphology, litter moisture and welfare
parameters of broilers fed barley-based diet.
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