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ABSTRACT

The study was conducted to evaluate the effects of fiber source and particle size on growth performance and
gastrointestinal tract characteristics in broiler chickens from d 1 to 21. A total of 420 male broiler chickens were
randomly distributed in 7 treatments and 6 replicates per treatment, which were arranged factorially. Experimental
treatments including three insoluble fiber sources, 3% (sunflower hulls, SFH; rice hulls, RH; and camelina hulls,
CH), and two sizes of fiber particles (fine (1 mm) and coarse (3 mm)), and a control group (without fiber addition).
Main effects of fiber sources and particle size on feed intake, body weight gain and feed conversion ratio were not
significant (P>0.05), whereas, the inclusion of fine SFH improved body weight gain compared to the control group
(P<0.05). The main effects of source and size of fibers did not affect gizzard weight, although the inclusion of coarse
SFH tended to increase gizzard weight compared to control (P=0.08). The SFH and RH-containing diets improved
the relative jejunum weight than the CH-containing diet (P<0.05). Experimental treatments did not influence the pH
of proventriculus and gizzard, as well as the relative weights of duodenum and ileum. The main effect of fiber
particle size was significant in term of cecum weight, so that coarse grinding increased cecum weight compared to
fine grinding (P<0.05). Based on the results of this research, dietary inclusion 3% of sunflower hulls, rice hulls, and
camelina hulls in the diet of broilers had no negative impacts on the growth performance of broiler chickens, while
diluting the diet with sunflower hulls could improve body weight and gizzard weight.
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Table 1. Ingredient composition, calculated analysis

and analyzed values (g/kg, as fed basis, unless stated
otherwise) of the basal diet

Ingredients a/kg
Corn 597.0
Soybean meal (44%) 3215
Soybean oil 245
Corn gluten 10.0
Dicalcium phosphate 245
Limestone 10.4
Sodium chloride 25
Sodium bicarbonate 1.2
Vit & Min premix? 5.0
DL-Methionine (99%) 2.0
L-Lysine HCL 13
L-Threonine 0.1
Calculated Analysis

AMER, Kcal/kg 3000.0
Crude Protein 208.0
Lysine 10.6
Methionine 4.9
Methionine + cysteine 7.8
Threonine 6.8
Tryptophan 21.0
Calcium 9.4
Available Phosphorus 45
Sodium 1.6
Analyzed Values

Dry matter 911.0
Crude Protein 199.3
Ash 515
Crude Fiber 29.0

1. According to NRC 1994

2. Supplied per kg of diet: vitamin A, 11 000 1U; vitamin D3, 5000
1U; vitamin E, 36.75 1U; vitamin K3, 3.4 mg; vitamin B1,1.98 mg;
vitamin B2, 5.25 mg; pantothenic acid, 10.5 mg; niacin, 31.5 mg;
vitamin B6, 2.87 mg; folic acid, 1.2 mg; vitamin B12, 0.024 mg;
biotin, 0.105 mg; choline, 800 mg; manganese, 120 mg; zinc, 100
mg; iron, 50 mg; copper, 12 mg; iodine, 1.3 mg; selenium, 0.3 mg;
antioxidant, 100 mg.
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Table 2. Chemical composition and physico-chemical properties of fiber sources

Sunflower Hulls Rice Hulls Camelina Hulls
Chemical Analysis, %
Dry Matter 94.2 94.96 92.3
Crude Protein 7.72 2.8 2.56
Ether Extract 2.58 2.03 3.58
Crude Fiber 40.52 50.74 49.55
Ash 9.58 19.18 6.99

Physical Properties

Percentage of particles

Screen size (um)

Sunflower Hulls Rice Hulls Camelina Hulls
Fine Coarse Fine Coarse Fine Coarse
2000 10.54 0.27 1.08 25.73 0.29 7.15
1400 0.31 30.18 751 14.334 3.32 44.8
850 0.89 23.15 54.33 34.67 23.48 23.45
600 30.28 9.52 15.15 13.1 21.66 7.29
420 16.75 7.96 6.57 3.7 11.76 2.56
150 39.42 12.84 12.86 7.54 27.89 8.63
<75 12.08 5.81 25 1.02 11.6 6.12
GMD+GSD* (um) 342+2.1 1266+1.9 783+1.9 1111+1.9 44942 4 986+2.4
WHC (L/kg of DM) 2.69 3.27 1.7 2.24 2.25 2.92
SWC (L/kg of DM) 0.75 2 0.75 1 0.75 1

1. Log normal SD, GMD: geometric mean diameter; WHC: water-holding capacity; SWC: swelling water capacity
Fine and coarse grades were achieved using screen sizes of 1.0 and 3.0 mm, respectively.
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Table 3. Influence of sources and particle size of dietary fiber on growth performance in broiler chicken ond 1-21

Treatments Feed intake (g/bird) BWG (g/bird) FCR (g/9)

Control - 887.29 483.42° 1.76®
Sunflower hull Fine 1046.98 606.93° 1.63°
Sunflower hull Coarse 937.28 525.90° 1.82°
Rice hull Fine 915.60 526.43° 1.75%°
Rice hull Coarse 926.36 511.77° 1.86%
Camelina hull Fine 921.11 501.65° 1.95°
Camelina hull Coarse 965.17 528° 1.86°
SEM 60.06 27.82 0.06
P- value 0.29 0.009 0.011
Main effects

Sunflower hull 968.03 539.53 1.79
Fiber sources Rice hull 938.33 523.60 1.78

Camelina hull 950.18 537.22 1.83

SEM 46.89 23.23 0.057
Fiber particle size

Fine 951.34 537.64 1.80

Coarse 953.01 529.26 181

SEM 38.28 18.97 0.046
Probabilities, P<
Fiber source 0.84 0.79 0.65
Fiber particle size 0.96 0.68 0.8
Fiber sourcex Fiber particle size 0.41 0.34 0.55

Fine and coarse grades were achieved using screen sizes of 1.0 and 3.0 mm, respectively.
Means within a column followed by the same letter are not significantly different at P > 0.05.
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Table 4. Effect of source and particle size of fiber on relative weight of digestive organs on d 21 (g/kg BW)

Diet Proventriculus ~ Gizzard  Duodenum  Jejunum  lleum  Cecum
Control - 0.70 3.43° 1.37 3.86° 324®°  071°
Sunflower hulls Fine 0.69 3.59%® 1.40 3.62% 3458  0.86®
Sunflower hulls Coarse 0.71 3.89° 1.36 3.46° 297"  0.82%®
Rice hulls Fine 0.67 3.62® 1.46 3.71® 330"  0.84®
Rice hulls Coarse 0.70 3.84® 1.41 3.71® 3.15® 0.85®
Camelina hulls Fine 0.69 3.60® 1.36 3.62% 3428 0.77®
Camelina hulls Coarse 0.71 3.53® 1.35 3.77® 3.28% 1,02
SEM 0.046 0.21 0.071 0.20 0.21 0.17
P- value 0.93 0.08 0.56 0.13 0.024 0.04
Main effects
Fiber sources Sunflower hulls  0.69 3.72 1.38 3.73% 3.08 0.84
Rice hulls 0.70 3.72 1.39 3.76° 3.28 0.83
Camelina hulls 0.70 3.60 1.40 3.50° 331 0.91
SEM 0.033 0.16 0.054 0.14 0.15 0.12
Fiber particle size
Fine 0.70 3.75 1.37 3.64 3.24 0.95°
Coarse 0.69 361 1.41 3.69 3.20 0.77°
SEM 0.027 0.13 0.044 0.11 0.12 0.10
Probabilities, P<
Fiber source 0.097 0.57 0.8 0.04 0.12 0.69
Fiber particle size 0.85 0.17 0.18 0.51 0.69 0.03
Fiber sourcex Fiber particle size 0.31 0.87 0.051 0.77 0.63 0.3

Fine and coarse grades were achieved using screen sizes of 1.0 and 3.0 mm, respectively.
Means within a column followed by the same letter are not significantly different at P > 0.05.
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Table 5. Effect of source and particle size of fiber on pH of proventriculus and gizzard on d 21

Treatments Proventriculus Gizzard
Control - 3.13 2.27
Sunflower hull Fine 3.19 2.06
Sunflower hull Coarse 3.13 1.95
Rice hull Fine 3.11 1.98
Rice hull Coarse 3.07 2.06
Camelina hull Fine 3.27 2.33
Camelina hull Coarse 3.38 2.04
SEM 0.17 0.23
P-value 0.236 0.714
Main effects
Fiber source Sunflower 3.13 1.98
Rice 3.25 2.10
Camelina 3.20 213
SEM 0.16 0.17
Particle size
Fine 3.18 2.14
Coarse 3.20 2
SEM 0.13 0.14
Probabilities, P<
Fiber source 0.514 0.568
Fiber particle size 0.238 0.854
Fiber sourcex Fiber particle size 0.579 0.216

Fine and coarse grades were achieved using screen sizes of 1.0 and 3.0 mm, respectively.
Means within a column followed by the same letter are not significantly different at P > 0.05.
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