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Introduction: Many studies have been conducted to determine proper corn particle sizes for mash or pelleted
diets in broiler chicken’s nutrition, aiming not only to achieve optimum production goals such as higher weight
gain and minimum feed conversion ratio but also to reduce milling energy expenditures. However, pelleted and
crumbled feed forms are mainly used in intensive poultry production systems in many countries, and mash feed
is primarily common in less intensive production systems. Mash feed is less costly and puts less pressure on birds’
metabolic systems to achieve their optimum biological growth potential, which may result in higher welfare and
lower metabolic disorders. Therefore, the purpose of this study was to investigate the effects of different
proportions of fine and coarse ground corn (3- and 6-mm sieve opening hole size, respectively) on performance,
the relative weight of gastrointestinal organs (%), and intestinal morphology in male broiler chickens.

Materials and methods: A total of 576 1-day-old male Ross 308 broiler chicks were purchased from a
commercial hatchery and raised from 1 to 42 days of age. All birds received identical basal diets from 1 to 11
days of age, but different experimental diets from 12 to 42 d. Experimental diets (12 to 42 days of age) consisted
of six corn mixtures prepared by combining different proportions (w/w) of corn ground through sieves with either
hole sizes of 3 or 6 mm as 100:0; 80:20; 60:40; 40:60; 20:80 and 0:100 percentage, respectively. The particle size
characteristics including geometric mean diameter (GMD) and geometric standard deviation (GSD) of ground
corn and finished feed samples were determined. Birds’ body weight was recorded at 12, 24, and 42 days of age
as a group basis for the calculation of birds’ bodyweight gain (BWG) during the grower (12-24 d) and finisher
(25-42d) periods. The birds’ feed intakes (FI) were also measured during the same period to calculate the feed
conversion ratio (FCR) after adjustments were made for the body weights of dead birds, which were recorded
daily. on the 21% day of the experiment, two birds from each pen were selected and killed via cervical dislocation.
The liver, gizzard, small intestine, caecum, and pancreas of the sampled birds were carefully removed from their
abdominal cavity, their weights were recorded carefully, and the relative weights of these parts to the live body
weights were calculated and expressed as the percentage of birds live weights. Gizzard acidity was measured on
the 21% day of the experiment. Parts from the middle of the jejunum and ileum of slaughtered birds (21 d) were
excised and flushed gently with saline solution and immediately placed in a 10% formalin solution. Villus height,
villus width, and crypt depth were measured in the laboratory.

Results and discussion: Results showed that feeding mash diets with different particle sizes (~775, 835, 910,
1000, 1060, and 1150 um) had no significant effects on birds’ BWG, FI, and FCR during different growth periods.
However, the orthogonal polynomial contrast test showed that the changing of feed particle size from fine (~775
um) to coarser particles by combining different portions of corn ground with a sieve hole size of 3 mm (~775 pm)
and 6 mm (~1150 pm) had linearly deteriorated BWG and FCR from 12 to 24 days of age. The birds’ mortality
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rate (%) was not influenced by average feed particle size from 12 to 42 days of age. The negative influence of
very coarse particle size from 12 to 24 days of age (>1000 um) in the current experiment is an indicator of birds’
gastrointestinal limits in dealing with coarse particles. The coarse grain particles increase the energy required for
the growth and maintenance of the gizzard. The results of the current experiment showed that feed particle size
did not significantly affect the relative weights of gastrointestinal sections to body weight at 21 d (P>0.05).
However, the relative weight of gizzard to live body weight at 21 d significantly (£<0.001) increased in birds fed
diets with higher average particle size (=775 pm). The results of the orthogonal polynomial contrast test showed
that the relative weight of gizzard to live body weight at 21 days of age linearly (£<0.0001) increased by changing
the feed particle size from fine to coarser particles. Coarse particles increased the digesta content in the gizzard,
which stimulates the development of the gizzard. In addition, the findings of the current experiment indicated that
ileum and jejunum morphometry traits such as villus height, crypt depth, villus height to crypt depth, villus tips,
and base widths were not influenced by changing the average feed particle size. The pH of gizzard content at 21
days of age was not influenced by the feed particle size.

Conclusions: Feed particle size of 775 to 1150 um in a corn-based mash diet had no significant effect on
performance traits or small intestine morphology traits. However, high coarse diets had the potential to deteriorate
BWG and FCR at earlier stages of the growth period.
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Table 1. Ingredient composition and nutrient contents of experimental diets (as-fed basis)

Dietary components (g/kg as fed)

Grower (12-24 d) Finisher (25-42 d)

Maize 575.4 641.2
Soybean meal 359.6 302.1
Soybean oil 27.6 23.2
Dicalcium phosphate® 14.2 11.9
Calcium carbonate® 8.4 7.6
Common salt 3.7 3.7
Lysine HCL 2.0 1.9
DL-Methionine 34 3.0
L-Threonine 0.7 0.4
Vitamin premix®© 2.5 2.5
Mineral premixP 2.5 2.5
Calculated analysis
ME (kcal/kg) 3000 3050
Crude protein (g/kg) 210 190
Calcium (g/kg) 7.7 6.7
Available phosphorus (g/kg) 3.8 34
Lysine (g/kg) 12.4 11.0
Methionine (g/kg) 6.4 5.7
Methionine + Cysteine (g/kg) 9.5 8.6
Threonine (g/kg) 8.5 7.4
Analyzed nutrients
Crude protein (g/kg) 207.4 187.3
Dry matter (g/kg) 880.3 888.0
Ash (g/kg) 64.6 62.2

A 380 g/kg calcium; B 190 g/kg phosphorus and 210 g/kg calcium.

€ Provided per kilogram of vitamin premix: vitamin A (as all-trans retinol acetate), 3600000 IU; cholecalciferol, 800000 IU;
vitamin E (as dl-a-tocopheryl acetate), 7200 mg; vitamin K3 (as menadion sodium bisulfate), 800 mg; thiamine (as thiamin
mononitrate), 700 mg; riboflavin, 2640 mg; pyridoxine, 1176 mg; biotin (as d-biotin), 40 mg; calcium d-pantothenate, 3920
mg; nicotinic acid, 11 860 mg; folic acid, 400 mg; choline chloride, 100 000 mg; antioxidant, 400 mg.

D Provided per kilogram of mineral premix: manganese (as MnO), 39680 mg; zinc (ZnSOas. 7H20), 33880 mg; iron (FeSO4.
7TH20), 20000 mg; copper (CuSOs. SH20), 4000 mg; iodine (KI), 396 mg; selenium (Na2SeOs, 80 mg, choline chloride, 100000

mg.
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Table 2. Particle size distribution, geometric mean diameter (GMD'), and geometric standard deviation (GSD?) of corn ground samj

Particle size

Corn ground, %
(Opening sieve

Particle size distribution (%) of the grower (12-24 d) and finisher (25-42 d) basal d
combination (%) of two batches of whole corn ground in a hammer mill with different s

(um) size, mm) while rest of the diet ground using a 3 mm sieve opening .

3 mm 6 mm 3&6 (100:0, %) 3&6 (80:20, %) 3&6 (60:40, %) 3&6 (40:60, %) 3&

Grower Finisher Grower Finisher Grower Finisher Grower Finisher Gro

2000 to 3350 5.29 29.56 3.59 3.60 7.28 6.91 11.75 12.61 14.96 16.02 18.

1700 to 2000 8.09 19.49 5.02 5.44 7.65 8.07 9.62 9.65 10.98 10.56 11.

1000 to 1700 33.08 23.33 29.24 28.42 26.43 26.33 24.14 22.45 23.84 24.10 23.

500 to 1000 27.38 18.44 37.45 37.55 36.48 36.14 35.39 34.78 35.10 34.14 32.

250 to 500 2495 8.46 22.49 22.93 20.96 21.25 18.11 19.13 13.97 14.46 12.

<250 0.77 0.26 1.64 1.42 0.82 0.89 0.66 0.79 0.62 0.34 0.¢

GMD! 832.98 1358.77 774.75 77454  839.45 83552 91422 907.44 993.53 1005.58 1052

GSD? 1.89 1.87 1.83 1.82 1.86 1.87 1.91 1.94 1.90 1.90 1.6
Analyzed nutrients

Dry matter, g/kg 894 891 893 886 899 884 895 884 90

Crude protein, g/kg 207.8 191.5 205.5 191.9 208.0 186.1 205.9 190.0 208

Ash, g/kg 64.5 60.3 67.2 62.6 66.1 66.4 64.1 63.0 62

In this experiment, the GMD (geometric mean diameter) and GSD (geometric standard deviation) of ground corn before mixing and complete diet
LGMD =log™! [Y (Wi log di) W]
2GSD=log '[YWi (log di - log dgw)? Y W-1]"*, where di is the geometric diameter of particles on the i sieve, Wi is the weight fraction on the i s
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Table 3. Effect of feed particle size! (um) on body weight gain (g), feed intake (g), feed conversion ratio (g/g), and mortality rate (%) in male broiler chicks fed mash diet
from 12 to 42 days®

Complete feed Bodyweight gain Feed intake . . Mortalit
Treatment particlé) size (um)! yvelght gain () © Feed conversion ratio (g/g) (%) Y
12-24d  25-42d 12-24d  25-42d  12-42d 12-24d  25-42d  12-42d 12-24d  25-42d  12-42d
1 774.8 774.5 665 1481 2145 1024 3180 4167 1.54 2.17 1.95 2.29
2 839.5 835.5 605 1574 2179 1003 3252 4220 1.66 2.08 1.95 3.18
3 914.2 907.4 629 1584 2214 1012 3261 4252 1.62 2.09 1.93 1.45
4 993.5 1005.6 604 1573 2177 981 3203 4161 1.64 2.05 1.92 2.13
5 1052.4 1069.8 584 1569 2152 988 3205 4172 1.70 2.05 1.94 2.17
6 1150.9 1161.0 582 1520 2103 988 3208 4174 1.72 2.13 2.00 2.01
SEM 11.24 25.46 27.83 8.40 29.51 32.64 0.02 0.04 0.02 0.18
P-value
0.27 0.85 0.93 0.70 0.97 0.97 0.37 0.92 0.96 0.15
Contrast of average particle size
Linear 0.03 0.75 0.59 0.16 0.93 0.78 0.05 0.64 0.72 0.30
Quadratic 0.65 0.21 0.33 0.61 0.60 0.67 0.81 0.34 0.42 0.64
Cubic 0.65 0.75 0.91 0.88 0.51 0.52 0.54 0.88 0.70 0.61

! Geometric mean diameter of complete feed particle (um) during 12 to 24 and 25 to 42 days of ages, respectively.

2 For complete feed preparation, at first two batches of whole corn ground in a hammer mill with different sieve opening sizes (3-, and 6 mm) was prepared, then six different corn mix with
different proportions of each batch (100:0, 80:20, 60:40, 40:60, 20:80, and 0:100% of each 3-, and 6 mm batches) was prepared. These new six batches were mixed with the rest of the ingredients
ground in a hammer mill with a 3 mm sieve opening size. Values are means of 6 replicate pens, with each pen containing 16 male chickens on arrival (40 g/bird). Duncan multiple range tests were
applied to compare means. Mms in a column not sharing a common superscript differ (P<0.05). SEM: Standard error of the means.
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Table 4. Effect of feed particle size! (um) on relative weights of carcass parts and gastrointestinal organs to live body weight (%) and gizzard pH at 21 days of age in male
broiler chicken fed mash diet from 12 to 42 days?

Treatment Complete feed particle Gizzard
size (um)! Gizzard Duodenum  Jejunum  Ileum Caecum  Proventtriculus  Pancreas Liver pH
12-24d 25-42d
1 774.8 774.5 3.07° 1.16 3.12 3.27 0.96 0.65 0.35 2.39 2.75
2 839.5 835.5 3.68* 1.17 2.76 3.08 0.92 0.69 0.38 2.54 2.54
3 914.2 907.4 3.842 1.23 3.29 3.44 1.14 0.71 0.38 2.66 2.67
4 993.5 1005.6 4.08° 1.19 3.20 3.16 0.97 0.69 0.37 2.48 2.71
5 1052.4 1069.8 4.11* 1.24 2.97 3.11 0.92 0.69 0.40 2.63 2.82
6 1150.9 1161.0 4.25° 1.23 3.31 3.44 1.09 0.71 0.38 2.61 2.72
SEM 0.09 0.02 0.07 0.06 0.03 0.01 0.01 0.04 0.08
P-value
<0.001 0.71 0.16 0.30 0.18 0.55 0.64 0.37 0.98
Contrast of average particle size
Linear <0.0001 0.17 0.29 0.59 0.45 0.17 0.31 0.14 0.73
Quadratic 0.11 0.64 0.75 0.48 0.94 0.38 0.51 0.43 0.85
Cubic 0.45 0.98 0.93 0.36 0.18 0.31 0.70 0.37 0.49

! Geometric mean diameter of complete feed particle (um) during 12 to 24 and 25 to 42 days of ages, respectively.

2 For complete feed preparation, at first two batches of whole corn ground in a hammer mill with different opening sieve size (3-, and 6 mm) was prepared, then six different corn mix with
different proportions of each batch (100:0, 80:20, 60:40, 40:60, 20:80, and 0:100% of each 3-, and 6 mm batches) was prepared. These new six batches mixed with the rest of the ingredients
ground in a hammer mill with a 3 mm sieve opening size. Values are means of 6 replicate pens, with two birds per pen were sampled for measurements. Duncan multiple range tests were
applied to compare means Means in a column not sharing a common superscript differ (P<0.05). SEM: Standard error of the means.
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Table 5. Effect of feed particle size (um) on jejunum and ileum morphology at 21 days of age in male broiler chicken fed mash diet from 12 to 42 days’

Complete feed

particle size (yum)! Jejunum (pm) Ileum (pm)
Treatment Villus ~ Crypt Villus g, Vil Villus ~ Crypt Villus Villitip  Villi base
12-24d  25-42d height  depth . eight width ~ 0ase height  depth . cighV width width
Crypt depth width Crypt depth
T 7748 7745 2914 1461 343 852 876 3788 1120 3.50 936 101.8
2 839.5 8355 4461 1285 3.66 740 962 3538 1115 3.3 102.1 115.9
3 9142 9074 5174 1369 4.08 836 899 3750 1134 3.34 99.6 111.8
4 993.5  1005.6 5107 1399 3.98 727 881 3429 1029 343 92.7 103.8
5 10524 1069.8 4904 1406 3.64 88.1 1057 3531 1140 3.16 107.9 112.8
6 11509  1161.0 4309 1362 3.62 733 76.7 3623 1126 327 104.8 117.5
SEM 1095  2.94 0.10 327 379 6.31 1.59 0.07 2.39 243
P-value
049 066 0.43 060 037 055 035 0.69 037 033
Contrast of average particle size

Linear 074 087 0.70 068 072 037 1.00 0.34 0.17 0.22
Quadratic 045 060 0.06 095 028 037 036 0.79 0.81 0.92
Cubic 035  0.13 0.66 029 036 0.81 0.60 0.65 0.58 0.10

! Geometric mean diameter of complete feed particle (um) during 12 to 24 and 25 to 42 days of ages, respectively.

2 For complete feed preparation, at first two batches of whole corn ground in a hammer mill with different sieve opening size (3-, and 6 mm) was prepared, then six different corn mix with
different proportions of each batch (100:0, 80:20, 60:40, 40:60, 20:80, and 0:100% of each 3-, and 6 mm batches) was prepared. These new six batches mixed with the rest of the ingredients
ground in a hammer mill with a 3 mm sieve opening size. Values are means of 3 replicate pens, with two birds per pen were sampled for measurements. Duncan multiple range tests were
applied to compare means. $EM: Standard error of the means.
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