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Introduction: In broilers, dietary fiber stimulates the production of hydrochloric acid and bile acids and
improves amylase activity, leading to better nutrient utilization (Hetland et al., 2002). A well-developed gizzard
also enhances reverse peristalsis, which churns food back up the digestive tract. A reduced-crude protein (CP)
diet are typically formulated by decreasing soybean meal and increasing feed grains (such as maize or wheat),
along with higher inclusions of non-bound (crystalline and synthetic) amino acids to meet nutritional
requirements. Studies (Van Harn et al., 2017) have shown that CP reductions (20-30 g/kg) in Ross 308 broiler
diets can be achieved without compromising live weight gain or feed intake. Notably, these diets even show a
significant improvement in feed conversion ratio (FCR) with a 3.5% decrease. Dietary fiber with increased
particle size may enhance foregut development more effectively in poultry fed diets moderately low in crude
protein. This study investigates the performance of broilers fed on low-density crude protein diets with
increasing particle size of sunflower (Helianthus annus L.) hulls.

Materials and Methods: This experiment aimed to examine the effect of sunflower hull particle size on the
performance and physiological response of broiler chickens fed with different protein levels. A completely
randomized design based on a 3 x 2 factorial arrangement, comprising 6 treatments (6 replicates per treatment,
10 birds per replicate). The treatments included 3 types of dietary sunflower hull types (without hulls, 4% with 1
mm particle size, and 4% with 5 mm particle size) and 2 crude protein (CP) levels (normal and a 10% reduction).
Feed intake (FI) and body weight gain (BWG) were recorded, and the feed conversion ratio (FCR) was
calculated. To determine ideal nutrient digestibility, chickens were fed 3 g/kg of chromium oxide from days 21
to 25. On day 25, ileum contents from 2 birds per replicate were collected and stored at -20°C. The cecal
microbial population was assessed at 42 days of age. Data were analyzed using SAS software and the GLM
procedure. Duncan's multiple range test was used for mean comparison at a 5% significance level.

Results and Discussion: The results indicated that incorporating sunflower hulls (SFH) in the diet increased
FI1, except during the starter period, and improved FCR in both the starter and grower periods. The high amount
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of FlI in the treatments containing SFH may be related to the high level of lignin and cellulose, because it
increases the rate of passage of digestive juice through the digestive tract and ultimately increases FI (Gonzélez-
Alvarado et al., 2010). Broilers fed coarse SFH showed increased relative weights of the carcass, gastrointestinal
tract, gizzard. The use of a rich source of insoluble fiber in the diet can increase the growth of the digestive
system, especially provetriculus and gizzard (Jimenez-Moreno et al., 2013). The apparent digestibility of crude
protein improved by coarse SFH with low crude protein. The positive effect of fiber on the digestibility of raw
protein can be attributed to the increase in pepsin activity and the increase in hydrochloric acid production
(Gabriel et al., 2003). Both fine and coarse SFH in the diet enhanced the Lactobacillus population. Similarly,
other researchers also reported that feeding broiler chickens with dietary lignocellulose leads to an increase in
the presence of Lactobacillus species (Bogustawska-Tryk et al., 2015).

Conclusion: Overall, the study results indicate that adding coarse sunflower hulls to the diet can enhance
broiler growth performance. This improvement is achieved by increasing the digestibility of crude protein, as
well as boosting the Lactobacillus population. Additionally, using coarse sunflower hulls led to an increase in the
relative weight of the carcass and thighs.
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gy Loy YV ey oy VeIV Oap Mo YVO piigy o 2 )AUYD ey oy YA/ ey oy WY/
(522) S A o ” ” e e P
Ingredients (%) 23% CP!? 20.7% CP 21.5% CP 19.35% CP 19.5% CP 17.5% CP
9 /¥ o9 7¥ o9 7¥ o9 7¥ o9 7¥ 9 7¥

No 4% No 4% No 4%  No 4%  No 4%  No 4%
SFH2 SFH SFH SFH SFH SFH SFH SFH SFH SFH  SFH  SFH

;J/I);ize 4420 4420 52,63 52.63 4820 48.20 5445 54.45 52.4 52.4 56.82 56.82
(5e) @5 s

Corn gluten (%60) 5 5 35 35 5.22 5.22 2.3 2.3 4 4 0.40 0.40
(7¥Y) g dloss

Soybean meal (% 37.80 37.80 31 31 32.33 3233 29.9 29.9 29.73  29.73 28.5 28.5
42)

el SL)8 085 08 08 08 074 074 075 075 074 074 074 074
Calcium carbonate

Olad oS’ (60

Dicalcium 15 15 1.58 1.58 1.3 1.3 1.3 1.3 1.04 1.04 1.05 1.05
phosphate

by 0555 . 4,73 4,73 3.53 3.53 55 55 5 5 6.5 6.5 6.5 6.5
Soybean oil

;‘I’i 0.28 0.28 0.22 0.22 0.28 0.28 0.28 0.28 0.23 0.23 0.21 0.21
"‘"“” “;’?. 0.23 0.23 0.33 0.33 0.23 0.23 0.23 0.23 0.20 0.20 0.23 0.23
Sodium bicarbonate

SloyS prly

Potassium 0 0 0.2 0.2 0 0 0 0 0 0 0 0
carbonate

T owelny JoSo

oy . 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix

¥ .

e JI"’J‘&T’ 4 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix

S J“f° . 0.32 0.32 0.38 0.38 0.27 0.27 0.36 0.36 0.26 0.26 0.33 0.33
DL- methionine

"‘*”K”T\*b o J 0.32 0.32 0.5 0.5 0.3 0.3 0.41 0.41 0.27 0.27 0.32 0.32
L- lysine HCI

odgy Jl . 0.14 0.14 0.23 0.23 0.1 0.1 0.17 0.17 0.08 0.08 0.14 0.14
L- threonine

L-valine 0.05 0.05 0.16 0.16 0 0 0.10 0.10 0 0 0.08 0.08
O"’.”}]”?'I J.I 0.03 0.03 0.14 0.14 0 0 0.09 0.09 0.01 0.01 0.08 0.08
L-isoleucine

oisl J 006 006 024 024 004 004 015 015 003 003 009 009
L-arginine

é’fytase 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0005 0.005 0.005 0.005 0.005
&b e 4 0 4 0 4 0 4 0 4 0 4 0
Sand

b ySolidl 4y 0 4 0 4 0 4 0 4 0 4 0 4

Sunflower hulls

(Mo 048 dnwlxe (gdre dlgo oS )5
Calculated nutrient composition (%)
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edgilie BB (6551

(554515 )15 k)
Metabolisable
energy
(kcal/kg)

(3o ) P15 59

Crude protein (%) 23 23 207 20.7
(Mo ) 55l ojlas
Ether extract (%)
(1053) o B (25
Digestible lysine 1.25 1.25 124 124 1.14
(%)

('”_’P) . 0.63 0.63 0.62 0.62 0.5
Digestible

methionine (%)

3004

7.20 7.20 6.15 6.15 7.57

3004 2998 2998 3104

19.37

3104 3104 3104 3204 3204 3203 3203

19.37 2153 2153 1755 1755 1954 1954

7.57 8.04 8.04 9.01 9.01 9.05 9.05

1.14 1.14 1.14 1.03 1.03 1.03 1.03

0.5 0.5 0.5 0.43 0.43 0.43 0.43

(10)2) e
Digestible 0.93 0.93 0.92 0.92 0.86 0.86 0.87 0.87 0.8 0.8 0.79 0.79
methionine +
cystine (%)
00 E cyueliyg t Mallin a5l ¥ v e D3 uolig t ol solgVe v o A ppueling gaiicn cels |y 25 530in 0 pySolS pm (gliley nelitg JoSa ol Sl dtagy ¥ pls 55
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1 Crude protein, 2 Sunflower hulls, 3Vitamin premix provided per kilogram of diet: A, 10000 1U; D3 3000 IU; E 55 IU; K3 2 mg; Bz
2.2 mg; B2 4.8 mg; Niacin 45 mg; Pantothenic Acid 15 mg; Bs 2.2 mg, Biotin 0.15 mg; Folic Acid 1.60 mg; B12 0.011 mg.
provided per kilogram of diet: Fe, 60 mg; Mn, 120 mg; Zn, 100 mg; Cu, 16 mg; I, 1.25 mg; Se, 0.30 mg. * Mineral premix
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Table 4- The effect of sunflower hulls with different particle size and crude protein level on apparent ileal digestibility of nutrients
(%) in broiler chickens on d 25

o los ] . P o
Treatments (b2 p3) Sz o3l (12)3) P& (g (o)
- . Dry matter Crude protein
ol 38l g P (Bigy maw y(%) (0/2) Crude fat
Sunflower hulls protein Levels of crude (%)
r\fgz 69.32 0 74.84 73.24
Aogy (9
1 -
No SFH I‘_)‘g’; 68.60 472,64 64.14
) iy 69.90 be 77,40 73.51
0, 1 .
4% fine SFH fgp‘s 71.39 4 74.96 81.10
, iy 72,55 b 80.50 83.40
&.\Zp dlwgy VAR NCP
0, .
coarse SFH 4% ngK 75.49 287.46 77.89
g;\;‘ bl Syl 1.140 1.128 2728
;5)“;“; Jlul g 0.43 0.007 0.056
-valu
3R] Aigy 5]
Sunflower hulls effect
:“9’;;’: b 68.96 ©73.74 b 68.69
0
51y Sy 1¥ b 70.64 b76.18 278.80
4% fine SFH
Cub 3 diogy 1 2 74.02 28398 280,64
4% coarse SFH
g";\;‘ bl Syl 0.993 0.797 1.929
s)'*lf'” N a 0.006 0.0001 0.0007
-value
P (g pdaw
Levels of crude protein
Jbr ofion 70.59 7758 77.72
Normal protein
Bl phals o 71.83 78.35 74.38
Reduced protein
g‘E“'\;" bl Syl 0.811 0.651 1.575
s)bti"’“’ N a 0.29 0.41 0.15
-value

P</-0) w5l (gl gime M wglite Ggym b gty 53 Jolo o (claSile *0C
sl Gl pB (i T Jloys s g ool Sl azgy !
ab-¢ Means within the same column with uncommon superscript differ significantly (P<0.05).
1 Sunflower hulls, 2 Normak crude protein,  Low crude protein
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Table 5- The effect of sunflower hulls with different particle size and crude protein level on carcass components (percentage of live
body weight) of broiler chickens at d 42

Lo
Treatmeni — Y " g, 2 U5 o 2 S s
ST dngy PL oo g Carcass  Breast  Thighs  Gastrointestinal tract ~ Gizzard ~ Abdominal fat
Levels of crude
Sunflower hull .
protein
s 7382 2597  19.69 10.34 2.01 0.90
1 .
No SFH ol 7424 2491 2048 1053 2.07 0.99
LcP?
. oy 76.88 2605 2048 10.97 2.33 1.01
v
4% fine SFH ol 7673 2941  ©20.12 10.57 211 110
LCP
. o 8156 2711 22305 11.64 2.72 1.24
Cudyd dlwgy VAT NCP
0
SFH coarse 4% Sl 7747 2871 ©20.89 11.13 2.34 113
LCP
xSk 3kl Bl 1.138 1.010 0.525 0.172 0.111 0.077
SEM
Sobge Jlo) g 0.08 0.18 0.02 0.10 0.15 0.31
P-value
QIJ)QL:ET dwgy Sl
Sunflower hulls effect
gy O ©7403 2544 2008 10.43b b 2,04 b0.94
No SFH
3 dhogy ¥ b7681  27.58 2030 b10.77 b2.22 ® 1,06
4% fine SFH
Cub 3 diogy 1 27936 2791  221.97 211.38 2253 21.19
4% coarse SFH
e 3,1l Bl ol 0804 0782 0371 0.121 0.078 0.054
SEM
l . -,
S Pisine Jloi>] g 00003 006  0.002 0.0001 0.0005 0.01
P-value
P (g o
Levels of crude protein
Jby osfon 7742 2638 2107 10.98 2.35 1.05
Normal protein
il Al oy 7605 2758 2050 10.74 2.17 1.07
Reduced protein
0l 2kl ol 0657 0638  0.303 0.099 0.064 0.044
SEM
S Pisine Joo! o 0.15 019 0.9 0.10 0.05 0.69

P-value

(P<AT40) Wyls oyl gine M glito By y> b gt sy Jolo ya (slapuSilo ¥0C
aly Ghals pb g T el pB g el Solidl gy
¢ Means within the same column with uncommon superscript differ significantly (P<0.05).
L Sunflower hulls, 2 Normal crude protein, 3 Low crude protein
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Table 6- The effect sunflower hulls with different particle size and crude protein level on the caecal microbial population (log cfu/g)
of broiler chickens on d 42

o )los .
Treatments sl y i "(M{éﬁ.d’wf/ P
e tei] un . Lactobacilli Escherichia .
ISkl g, P gy maw Spp coli Coliforms
Sunflower hull protein Levels of crude '
Joos 7.12 6.38 6.49
1 &
No SFH ohals 7.04 6.59 6.46
LCP3
. Jor 7.45 6.54 6.49
32 Aty ¥ NCP
0, 1 5
4% fine SFH el 738 6.52 6.66
LCP
. Jo 7.25 6.70 6.57
Calyd dlwgy VAR NCP
o
SFH coarse 4% orals 7.23 6.45 6.54
LCP
Sl 5yl 8l 0.084 0.111 0.129
SEM
bt Jloio! o 0.92 0.15 0.66
P-value
Sunflower hulls effect
ALogy (9 7.08° 6.48 6.48
No SFH
) 4o, Al 7.24 @ 6.53 6.57
4% fine SFH
b3 diagy /¥ 7.412 6.58 6.56
4% coarse SFH
3xSke 3,5kl Bl ) 0.060 0.072 0.091
SEM
Sobsire Jlo! o 0.003 0.71 0.71
P-value
P gy g
Levels of crude protein
Jley oBon _ 7.27 6.54 6.51
Normal crude protein
4l ials gy _ 7.21 6.52 6.55
Low crude protein
ol 3l ol ol 0.048 0.064 0.074
SEM
Gobize Jloin] o 0.40 0.80 0.72
P-value

AP /20) w5yl (6l gime OS] iglite g ym b gty p3 Jolo b (cla o Sla®P
wdly, yialS Pl gy T e Jloy Pl gy Tl ST gy
&b Means within the same column with uncommon superscript differ significantly (P<0.05).
1 Sunflower hulls, 2 Normal crude protein,  Low crude protein
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