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Effects of dietary anion-cation balance during starter period on performance,
small intestine morphology, serum electrolyte level, and tibial mineralization in
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ABSTRACT

This experiment was carried out to investigate the effects of starter period’s (1 to 10 d) dietary cation-anion balance on
performance, tibia bone mineralization, serum electrolyte level, carcass characteristics and small intestine morphology. A
total of 280 day-old broiler chicks of Ross 308 strain were used in a completely randomized design. Treatments consisted of
five different level of dietary cation-anion balance (150, 200, 250, 300, and 350 mEqg/Kg) and each of them replicated four
times (14 birds per replicate). The results showed that feeding a diet with anion-cation balance of 350 mEqg/Kg, significantly
(P<0.05) reduced body weight and weight gain during starter and grower periods, feed intake reduced and feed conversion
ratio increased during starter period. Dietary cation-anion balance had no significant effects on serum electrolytes, relative
weight of carcass and gastrointestinal organs to body weight and intestinal morphology. Reducing dietary cation-anion
balance level to less than 300 mEqg/Kg had no significant (P>0.05) effects on tibia bone ash content, but significantly
(P<0.05) reduced the phosphorus and calcium content of tibia ash at 21 and 42 days of age, respectively. In conclusion, the
results indicated that maintaining appropriate dietary cation-anion balance during starter period (200 to 300 mEg/kg) is
utmost important to achieve optimal broiler chicks’ performance.
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Table 1. Ingredient composition (%) and nutrient contents of experimental diet during starter period
(from 1 to 10 days of age)

Dietary anion-cation balance (mEg/Kg)

Ingredients

150 200 250 300 350
Corn 48.69 48.69 48.69 48.69 48.69
Soybean meal 41.80 41.80 41.80 41.80 41.80
Soy oil 418 4.18 4.18 418 418
Calcium carbonate 1.23 1.23 1.23 1.23 1.23
Dicalcium phosphate 2.05 2.05 2.05 2.05 2.05
Salt 0.47 0.47 0.47 0.39 0.00
Mineral premix * 0.25 0.25 0.25 0.25 0.25
Vitamin premix? 0.25 0.25 0.25 0.25 0.25
DL Methionine 0.34 0.34 0.34 0.34 0.34
Lysine HCI 0.18 0.18 0.18 0.18 0.18
Sodium bicarbonate 0.00 0.00 0.00 0.11 0.68
Potassium carbonate 0.00 0.00 0.15 0.53 0.35
Ammonium chloride 0.45 0.19 0.00 0.00 0.00
Washed sand 0.11 0.37 0.41 0.00 0.00
Calculated analysis
ME (kcal/kg) 2950 2950 2950 2950 2950
Crude protein (%) 22.89 22.89 22.89 22.89 22.89
Fibre (%) 3.99 3.99 3.99 3.99 3.99
Auvailable phosphorous (%) 0.50 0.50 0.50 0.50 0.50
Calcium (%) 1.05 1.05 1.05 1.05 1.05
Lysine (%) 1.39 1.39 1.39 1.39 1.39
Methionine (%) 0.68 0.68 0.68 0.68 0.68
Cystine (%) 0.36 0.36 0.36 0.36 0.36
Methionine + cystine (%) 1.04 1.04 1.04 1.04 1.04
Threonine (%) 0.86 0.86 0.86 0.86 0.86
Na (%) 0.20 0.20 0.20 0.20 0.20
K (%) 0.99 0.99 1.05 1.19 1.12
Cl (%) 0.66 0.48 0.36 0.31 0.08
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1. Provides per kg of diet: Vit. A (as all-trans retinol acetate), 9000 1.U.; Cholecalciferol, 2000 1.U.; Vit. E (as dI- alpha-tocopheryl acetate), 18 1.U.;
Vit K (as menadion sodium bisulfate), 2 mg; Thiamine (as thiamin mononitrate), 1.8 mg; Riboflavin, 6.6 mg; Niacin, 30 mg; Pyridoxin, 3 mg; Vit By,
15 mcg; Calcium d-Pantothenate, 100 mg; Folic acid, 1 mg; Biotin (as d-biotin) , 0.1 mg; Choline chloride (as choline chloride), 250 mg; Antioxidant
(as butylated hydroxy toluene), 100 mg.
2. Provides per Kg of diet: Manganese (as MnO), 100 mg; Zinc (ZnSO,. 7H,0), 84.7 mg; Iron (FeSO,. 7H,0), 50 mg; Copper (CuSO,. 5H,0), 10 mg;
lodine (KI), 1 mg; Se (Na,SeO3), 0.2 mg.
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Table 2. Ingredient composition (%) and nutrient contents of experimental diet during grower (from 11 to 21 days of
age) and finisher (from 22 to 42 days of age)

Ingredients Grower (11 to 21 day) Finisher (22 to 42 day)

Corn 53.80 58.09
Soybean meal 37.54 33.63
Soy oil 4.53 441
Calcium carbonate 1.02 0.99
Dicalcium phosphate 1.79 1.65
Salt 0.28 0.20
Mineral premix * 0.25 0.25
Vitamin premix? 0.25 0.25
DL Methionine 0.26 0.19
Lysine HCI 0.06 0.01
Sodium bicarbonate 0.22 0.33
Calculated analysis

ME (kcal/kg) 3050 3100
Crude protein (%) 21.30 19.85
Fibre (%) 3.81 3.63
Available phosphorous (%) 0.45 0.42
Calcium (%) 0.90 0.85
Lysine (%) 1.24 1.06
Methionine (%) 0.62 0.53
Cystine (%) 0.32 0.30
Methionine + cystine (%) 0.94 0.83
Threonine (%) 0.83 0.72
Na (%) 0.20 0.19
K (%) 0.91 0.85
Cl (%) 0.21 0.16
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1. Provides per kg of diet: Vit. A (as all-trans retinol acetate), 9000 1.U.; Cholecalciferol, 2000 I.U.; Vit. E (as dI- alpha-tocopheryl acetate), 18 1.U.;
Vit K (as menadion sodium bisulfate), 2 mg; Thiamine (as thiamin mononitrate), 1.8 mg; Riboflavin, 6.6 mg; Niacin, 30 mg; Pyridoxin, 3 mg; Vit By,
15 mcg; Calcium d-Pantothenate, 100 mg; Folic acid, 1 mg; Biotin (as d-biotin) , 0.1 mg; Choline chloride (as choline chloride), 250 mg; Antioxidant
(as butylated hydroxy toluene), 100 mg.
2. Provides per Kg of diet: Manganese (as MnO), 100 mg; Zinc (ZnSO,. 7H,0), 84.7 mg; Iron (FeSO,. 7H,0), 50 mg; Copper (CuSO,. 5H,0), 10 mg;
lodine (KI), 1 mg; Se (Na,SeOs), 0.2 mg.
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Table 3. Effects of dietary cation-anion balance (mEg/ kg) during starter period (1 to 10 days) on live weight, weight
gain, feed intake and feed conversion ratio in broiler chicks

Dietary anion-cation balance (mEqg /kg)

Source of variation (P-value)

150 200 250 300 350  ocM P-value — oo Quadratic

Live weigh (g) 10d 2367 239° 235 235° 168" 6.66 <0.0001 <0.0001 <0.0001
21d 729  734* 722 729°  599° 14.09  0.0005 0.0005 0.0028
42d 2319 2407 2375 2391 2254 25.89  0.3395 0.4280 0.0768

Weight gain (g) 1-10d  192*  194®  192° 191* 124® 665 <0.0001 <0.0001 <0.0001
11-21d  493°  494°  487° 494 431" 854  0.0582 0.0280 0.0794
22-42d 1590 1674 1653 1662 1655 20.57 0.7728 0.4535 0.4218
1-42d 2275 2362 2332 2347 2210 25.87 0.3418 0.4286 0.0762

Feed intake (g) 1-10d  263*  272°  263* 267° 199° 6.80  <0.0001 <0.0001 <0.0001
11-21d  813*  821° 842 868*  711° 14.00 0.0001 0.0103 0.0001
22-42d 2908 2925 2940 2923 2741 3463 0.3556 0.1793 0.1515
1-42d  3968° 4006° 4032° 4049 3650° 48.62  0.0309 0.0490 0.0168

Feed conversionratio  1-10d  1.37° 1.40° 1.37° 1.40° 1.61* 0.022 <0.0001 <0.0001 <0.0001
(9.9 11-21d 165 167 173 176 1.65 0.018 0.1461 0.4449 0.0478
22-42d  1.84° 175% 178 176 1.66° 0.019 0.0251 0.0049 0.5314
142d 175 170 173 173 165 0.012 0.0638 0.0370 0.3567

P+ 0) )l 0S5 b lo gime Dgldd Hlaed 5 slod > b la 1 Sibe s, 2 0 (@b

a-b) Means in row with common superscript do not differ significantly (P<0.05).

SEM: Standard Error of Means.
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Table 4. Effects of dietary cation-anion balance (mEq/ kg) during starter period (1 to 10 days) on relative weight of
carcass parts and gastrointestinal organs to body weight (%) at 21 days of age in broiler chicks

Dietary anion-cation balance (mEq /kg)

Source of variation (P-value)

SEM P- value

150 200 250 300 350 Linear Quadratic
Carcass 55.0 57.4 58.3 57.7 55.1 0.873 0.6962 0.9252 0.1572
Breast 17.0 18.2 19.6 19.0 17.1 0.365 0.0668 0.6289 0.0063
Thigh 175 17.4 17.2 17.6 17.7 0.399 0.9959 0.8148 0.7804
Liver 2.23 2.28 243 2.48 2.63 0.063 0.2691 0.0323 0.8377
Hearth 054" 056" 0.59% 0.68%® 0.70°  0.022 0.050 0.0049 0.6463
Pancreas 0.32 0.39 0.40 0.40 0.47 0.023 0.4570 0.0957 0.9849
Crop 0.34 0.34 0.35 0.36 0.47 0.021 0.224 0.0846 0.2118
Proventriculus 0.57 0.60 0.65 0.63 0.77 0.024 0.0601 0.0094 0.3543
Gizzard 2.43 2.56 2.54 2.33 2.80 0.072 0.3404 0.3366 0.4211
Spleen 0.08 0.12 0.12 0.11 0.13 0.006 0.1740 0.0468 0.3433
Small intestine 357" 3.60° 3.63° 3.78" 4.62°  0.128 0.0242 0.0061 0.0582
Caeca 0.41 0.42 0.43 0.49 0.48 0.012 0.1085 0.0146 0.8139
Abdominal fat 1.12 0.97 2.14 1.29 161 0.167 0.190 0.2490 0.4082
Bursa of fabricius 0.19 0.24 0.23 0.23 0.26 0.011 0.3338 0.0821 0.7466

P<A120) W)l oS b lo gime Dglay plaad b slad > L slo o Sbe aio) ;0 0 (@b

a-b) Means in row with common superscript do not differ significantly (P<0.05).

SEM: Standard Error of Means.
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Table 5. Effects of dietary cation-anion balance
(mEqg/ kg) during starter period (1 to 10 days) on tibia

dyschondroplasia score at 21 and 42 days of ages in
broiler chicks

Dietary cation-anion balance  Tibia dyschondroplasia score

(mEq/ kg) 21d 42d
150 2.5° 0.75
200 2.0 0.75
250 11° 1.00
300 1.3% 0.25
350 1.0° 0.50
Chi-square 13.14 3.57
P-value 0.0019 0.4735
SEM 0.1698 0.1313
Source of variation (P-value)
Linear 0.0003 0.3020
Quadratic 0.0810 0.6579

g Dl planer 2 slad > b slagn il (g 2 50 @C
P<-10) wiyls [ KuS L

Lo Sl 5 lailiw] sUas :SEM

a-c) Means in column with common superscript do not differ

significantly (P<0.05).
SEM: Standard Error of Means.
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Table 6. Effects of dietary cation-anion balance (mEq/ kg) during starter period (1 to 10 days) on tibia ash (%),
phosphorus (%) and calcium (%) contents at 21 and 42 days of age in broiler chicks

Dietary cation-anion balance (mEg/kg)

Source of variation (P-value)

Tibia component (%)  Age (day)

SEM  P-value

150 200 250 300 350 Linear Quadratic
Ash 21 551 547 541 548 544 022 0.6838 0.4161 0.5416
42 484 492 484 505 500 037 0.3095 0.1038 0.9725
Phosphorus 21 88> 95" 90° 14.0° 149° 063  0.0001 <0.0001 0.0010
42 132 125 132 131 126 016 05472 0.5762 0.9141
Calcium 21 185 176 179 182 179 011  0.0923 0.4068 0.1015
42 15.0° 15.0° 14.0° 165 16.2* 0.25 0.0006 0.0026 0.0331

P<A120) W)l oS L ls gme Dol plaad 8 slod > b slo o Sibe o) 0 0 (@b

b pSiloo o lailiul slas SEM

a-b) Means in each row with common superscript do not differ significantly (P<0.05).

SEM: Standard Error of Means.

2G50 V0 BV lel Al e 5 (oSS 50 (VI STs) 0 (9l g Jolas iliio oo Sl Y Jsaz

S0 V) O 00 SES sledzgx 839, (5 5 4l (el
Table 7. Effects of dietary cation-anion balance (mEq/ kg) during starter period (1 to 10 days) on
histomorphometrical parameters of duodenum and jejunum at 21 days of age in broiler chicks

Dietary anion-cation balance (mEqg /kg)

Source of variation (P-value)

150 200 250 300 350  SoEM  P-value — oo Quadratic

Duodenum

Villus height (um) 917 1022 943 888 989 2283 03690  0.9601 0.9283
Crypt depth (um) 233 263 263 223 254 913 05576  0.9661 0.6234
Villus base width (um) 126 121 106 86 141 658 00649 08968 0.0282
Villus tip width (um) 40 37 3 39 38 185 09710 09279 0.7077
Villus height: Crypt depth 402 408 359 399 395 015 08716 08415 0.6070
Jejunum

Villus height (um) 931 806 942 549 735 5654 01531  0.0954 0.8315

Crypt depth (um) 240 251 236 232 244 971 09712 07002 0.7268
Villus base width (um) 119 114 123 109 108 449 08120 04084 0.7116
Villus tip width (um) 37 37 35 46 39 195 04896  0.4670 0.7834
Villus height: Crypt depth 395 315 407 245 304 026 02629 0750 0.9102

SEM: Standard Error of Means
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Table 8. Effects of dietary cation-anion balance (mEq/ kg) during starter period (1 to 10 days) on serum electrolyte

levels (mEq. Litter) at 21 days of age in broiler chicks

Dietary anion-cation balance (mEqg /kg) SEM P- value Source of variation (P-value)

150 200 250 300 350 Linear Quadratic

Sodium 1333 1357 1340 1343 1390 254 0.9731 0.6405 0.7917

Potassium 10.7 9.2 8.7 8.5 9.2 0.41 0.5058 0.2317 0.1992

Chloride 1108 1101 99.8 1007 1047 240 0.5117 0.2392 0.3412

SEM: Standard Error of Means Sl 5 lailbiwl gl SEM
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