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Introduction: Sodium and chlorine deficiencies lead to a significant reduction in osmotic pressure,
resulting in water loss, dehydration, and ultimately, a severe decrease in bird performance (Chen et al.,
2023). Increased levels of chlorine and sodium also cause reduced voluntary feed intake, wet litter,
interference with normal functions, and toxicity (Yu et al., 2022). The National Research Council
recommends sodium and chlorine levels for optimal growth during the starter (0-21 days), grower (22-
43 days), and finisher (43-56 days) phases as 0.2%, 0.15%, and 0.12%, respectively (NRC, 1994). The
Ross 308 strain guide also suggests sodium and chlorine levels of 0.18%-0.23% during different rearing
phases (Aviagen, 2022). While various reports address the effects of different chlorine and sodium levels
in broiler chickens, the effects of the chlorine to sodium ratio in broilers have not been examined. The
Ross 308 strain recommends a chlorine to sodium ratio between 1:1 and 1.3:1 (Aviagen, 2022). The Hy-
Line strain recommends a chlorine to sodium ratio of 1:1 to 1.1:1 in hot seasons (Hy-Line, 2016).
Aviagen's technical report also states that chlorine levels in the diet should not exceed 10% above the
sodium levels (Kretzschmar-McCluskey et al., 2014). The Hubbard strain nutritional guide recommends
a chlorine to sodium ratio range of 1.1:1 to 1.3:1 (Hubbard, 2022). The stimulatory role of sodium and
chlorine on feed and water intake has been observed in previous studies (Wang et al., 2020; Yu et al.,
2022; Chen et al., 2022). However, the potential role of the chlorine to sodium ratio on performance
during the starter phase of broiler chicks has not yet been investigated. Therefore, this study aims to
examine the effects of different chlorine to sodium ratios in the starter diet on performance, yolk sac
absorption, carcass characteristics, crop filling, and behavioral observations in young broiler chicks.
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Material and methods: A total of 420 one-day-old Ross 308 male broiler chicks were used in a
completely randomized design with 5 treatments, 6 replicates, and 14 chicks per replicate. The
experimental diets including: 1) starter diet with a chlorine to sodium ratio of 1:1, 2) starter diet with a
chlorine to sodium ratio of 1.1:1, 3) starter diet with a chlorine to sodium ratio of 1.2:1, 4) starter diet
with a chlorine to sodium ratio of 1.3:1, and 5) starter diet with a chlorine to sodium ratio of 1.4:1. The
experimental diets were fed only from days 1 to 10. Average body weight gain, average feed intake, and
feed conversion ratio (adjusted for mortality if observed) were calculated for the starter phase (1-10 days)
and the entire period (1-30 days). Water consumption was monitored from days 1 to 7, and the water-to-
feed consumption ratio was calculated for this period. Feed and water consumption behaviors were
recorded at 3, 6, 12, 24, 48 and 72 hours after chick placement in each pen. Crop filling tests were
conducted at 2, 4, 8, 24, and 48 hours after chick placement. On days 3 and 5 of the experiment, 2 chicks
from each replicate were randomly selected and euthanized using carbon dioxide gas. They were then
transported to the carcass separation facility for the dissection of carcass components and internal organs.
Additionally, on days 3 and 5 of the experiment, the yolk sacs were separated and weighed using a high-
precision scale with an accuracy of 0.001 grams. All data were analyzed using the ANOVA option of the
general linear model of SAS software. Significant differences between treatment means were determined
by Tukey's multiple range test. Differences in means were regarded as significant at P < 0.05. A
polynomial regression analysis was also employed to predict the effect of the different chlorine to sodium
ratios on various parameters tested.

Results and discussion: The results of the present study showed that increasing the chloride to sodium
ratio in the diet led to a linear increase in body weight gain during days 1-10 (P<0.01) and 1-30 (P<0.05).
In line with the results of the present study, Chen et al. (2020) reported that chloride levels of 0.15%,
0.2%, and 0.25% resulted in linear and quadratic improvements in body weight gain. The observed
increase in body weight with the higher chloride to sodium ratio in the present study can be attributed to
increased feed and water intake (Yu et al., 2022). Additionally, increasing the chloride to sodium ratio
also led to a linear increase in feed intake during the 1-10-day period (P<0.05). Wang et al. (2020) also
observed that increasing the chloride level in the diet from 0.06% to 0.1%, 0.15%, 0.2%, and 0.25% led
to linear and quadratic increases in feed intake in laying hens from 43 to 54 weeks of age. These
researchers attributed the observed increase in feed intake following the increase in dietary chloride
levels to the inhibition of the effect of metabolic alkalosis on feed intake (Wang et al., 2020). Carcass
yield, relative weights of the liver, small intestine, spleen, pancreas (P<0.05), bursa (P<0.05), and cecum
also increased linearly with an increase in the dietary chloride to sodium ratio at 5 days of age (P<0.01).
Moreover, the residual yolk sac decreased significantly in a linear manner with an increase in the dietary
chloride to sodium ratio during 3 (P<0.01) and 5 (P<0.05) days of age. One of the primary factors
influencing yolk sac absorption is the motility and peristaltic movements in the small intestine (van Der
Wagt et al., 2020). Yolk sac absorption depends on feed intake, as increased feed consumption
accelerates peristaltic movements, stimulating the discharge and absorption of the yolk sac in the small
intestine (Mikec et al., 2006). At 10 days of age, plasma concentrations of sodium and chloride increased
linearly with an increase in the dietary chloride to sodium ratio (P<0.01), while the concentration of
potassium decreased linearly (P<0.05).

Conclusion: In general, it can be concluded that increasing the chloride to sodium ratio in the starter diet
stimulates feed intake, leading to faster yolk sac absorption, improved weight gain, and better organ
development in young broiler chicks.

Keywords: Carcass characteristics, Chlorine to sodium ratio, Performance, Yolk sac, Young broilers
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Table 1- Composition of basal diets and calculated and analyzed composition (as-fed basis).

Cl: Na ratio Starter B
1:1 1.1:1 12:1 13:1 1.4:1 Grower Finisher
Ingredients
Corn 49.730 49.756 49.785 49.813 49.840 53.245 59.476
Soy bean meal 38.665 38.660 38.655 38.650 38.645 38.120 32.620
Gluten 3.000 3.000 3.000 3.000 3.000 0.000 0.000
Soy oil 3.539 3.603 3.595 3.586 3.586 4.644 4.257
Dicalcium phosphate 2.270 2.264 2.264 2.264 2.264 1.807 1.498
Calcium carbonate 0.966 0.966 0.966 0.966 0.965 0.627 0.578
Sodium bicarbonate 0.377 0.336 0.290 0.247 0.204 0.228 0.243
Sodium chloride 0.140 0.17 0.200 0.230 0.260 0.244 0.235
Vitamin premix* 0.250 0.250 0.250 0.250 0.250 0.250 0.250
Mineral premix** 0.250 0.250 0.250 0.250 0.250 0.250 0.250
L-Lysine HCI 0.283 0.283 0.283 0.283 0.283 0.150 0.178
DL-Methionine 0.347 0.347 0.347 0.347 0.348 0.352 0.331
L-Threonine 0.116 0.116 0.116 0.116 0.116 0.084 0.083
Calculated composition (%)
ME# (Kcal/kg) 2975 2975 2975 2975 2975 3050 3100
Crude protein 23.00 23.00 23.00 23.00 23.00 21.500 19.500
Calcium 0.980 0.980 0.980 0.980 0.980 0.750 0.650
Available P 0.500 0.500 0.500 0.500 0.500 0.420 0.360
Sodium 0.180 0.180 0.180 0.180 0.180 0.180 0.180
Chloride 0.180 0.198 0.216 0.234 0.252 0.216 0.216
Lysine 1.320 1.320 1.320 1.320 1.320 1.180 1.080
Methionine+ Cysteine 1.000 1.000 1.000 1.000 1.000 0.920 0.860
Threonine 0.880 0.880 0.880 0.880 0.880 0.790 0.720
Na + K - Cl (mEqg/kg) 269.09 264.01 259.93 253.85 248.77 255.96 232.22
Analyzed composition (%)
Crude protein 22.86 22.85 22.86 22.84 22.9 215 19.46
Sodium 0.178 0.175 0.173 0.17 0.179 0.171 0.172
Chloride 0.173 0.193 0.21 0.224 0.250 0.211 0.211

&ME: metabolizable Energy.*Provided the following per kilogram of diet: Retinyl acetate: 9,000 1U; Cholecalciferol: 2,000 IU; dl-a-tocopheryl acetate: 12.5
IU; Menadione sodium bisulfite: 1.76 mg; Biotin: 0.12 mg; Thiamine: 1.2 mg; Riboflavin: 3.2 mg; Calcium d-pantothenate: 6.4 mg; Pyridoxine: 1.97 mg;
Nicotinic acid: 28 mg; Cyanocobalamin: 0.01 mg; Choline chloride: 320 mg; Folic acid: 0.38 mg. **Provided the following per kilogram of diet: MnSO4+H20,
60 mg; FeSO4+7H20, 80 mg; ZnO, 51.74 mg; CuSO45H20, 8 mg; iodized NaClL,0.8 mg; Na2SeO3, 0.2 mg.
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Table 2-Effects of different chloride: sodium ratios on the performance, water consumption, and water
to feed consumption ratio of broiler chickens.

_ . 1-10d 130 d 17d
Cl: Na ratio FC() BWG(g) FCR FC( BWG( FCR _WC(g)  WCFC
11 282.78  21845° 129 247567 156061 158  363.83° 251
1.1:1 280.67 229.38® 126 260833 1657.85 157  42417% 262
1.2:1 30067 23054 130 264000 170526 155  426.64® 263
131 30523 23337 131 256650 1652.80 156  412.38% 2,50
1.4:1 30492 24586 124 261550 177629 148 43493 271
SEM 6.81 466 0035 9190 5114 0049  16.18 0.109
P-value 0103 0008 0588 0739 0078 0577  0.035 0.639
Orthogonal polynomial contrasts
Linear 0010 00052 0578 0421 0014 0163  0017° 0421
Quadratic 0421 0786 0383 0435 0806 0515  0.140 0.862
Cubic 0.680 0199 0199 0449 0175 0654  0.076 0.225
Quartic 0.834 0931 0846 0765 0453 0633  0.928 0.582

ab' Means with different letters in each column are significantly different (P <0.05).

SEM: standard error of the means, FC: feed consumption, BWG: body weight gain, FCR: feed conversion
ratio, WC: water consumption

1Y=278.70+5.98X, 2Y=213.87+5.88X,3Y=1542.68+42.63X,*Y=373.27+13.04X.

Table 3- Effects of different chlorine to sodium ratios on carcass yield and internal organs relative weights of
broiler chickens at 3 d of age ((Organ weight: Live weight) x 100).

Carcass  Gizzard Heart Liver Small Spleen Bursa of Yolk sac
Cl: Na ratio (%) (%) (%) (%) intestine (%) (%) fabricius (%) (%)
1:1 38.99 8.30 0.757 4.32 10.54 0.064° 0.128P 1.00?
1.1:1 38.84 8.53 0.801 4.10 10.55 0.065° 0.136% 1.022
12:1 38.02 8.64 0.717 4.14 11.27 0.0742 0.145%® 0.976%®
1.3:1 39.05 8.78 0.762 4.30 11.33 0.076? 0.146% 0.832%¢
14:1 37.70 8.68 0.777 451 10.75 0.0782 0.1482 0.813¢
SEM 0.671 0.255 0.028  0.111 0.276 0.002 0.004 0.035
P-value 0.507 0.717 0.346  0.110 0.131 <0.0001 0.018 0.0004

Orthogonal polynomial contrasts

Linear 0.374 0.130 0.999  0.276 0.211 <0.0001? 0.0012 <0.00013
Quadratic 0.859 0.398 0.464  0.110 0.109 0.585 0.267 0.123
Cubic 0.518 0.856 0.233  0.696 0.158 0.449 0.974 0.056
Quartic 0.340 0.795 0.061  0.961 0.589 0.258 0.549 0.272

ab Means with different letters in each column are significantly different (P <0.05).
SEM: standard error of the means.
1Y=0.061+0.004X,2Y=0.126+0.005X,%Y=1.098-0.056 X
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Table 4- Effects of different chlorine to sodium ratios on carcass yield and internal organs relative weights of broiler chickens at 5 d of age ((Organ weight:
Live weight) x 100).

Carcass Gizzard Heart Liver Duodenum  Jejunum  lleum Small Ceca Pancreases  Spleen Bursaof  Yolk
Cl: Na ratio (%) (%) (%) (%) (%) (%) (%) intestine (%) (%) (%) fabricius sac
(%) (%) (%)
1:1 32.18P 8.09 0.676 4.41° 1.67 3.77 3.53 8.98° 1.03 0.413 0.048° 0.129 0.334
111 32.88° 8.14 0.706 4,64 1.63 3.78 3.66 9.07" 1.14% 0.442 0.046" 0.132 0.315
1.2:1 33.15° 8.00 0.695  4.90%c 1.76 4.15 3.38 9.29%¢ 1.15% 0.467 0.050% 0.132 0.317
131 32.66° 8.96 0.750 5.17% 1.77 4.13 3.76 9.66%® 1.292 0.462 0.0522 0.139 0.304
1.4:1 35.112 8.37 0.718 5.332 1.79 4.18 3.77 9.73? 1.26% 0.470 0.0542 0.142 0.294
SEM 0.470 0.258  0.023 0.152 0.043 0.132 0.101 0.155 0.049 0.014 0.001 0.004 0.011
P-value 0.002 0.094  0.238 0.001 0.073 0.069 0.057 0.005 0.007 0.060 0.001 0.170 0.153
Orthogonal polynomial contrasts
Linear 0.007% 0.136  0.067 <0.00012 0.0483 0.016*  0.221 0.007°  <0.0001° 0.0157 0.003%  0.037° 0.028°
Quadratic 0.132 0.864  0.479 0.840 0.993 0.577 0.421 0.888 0.289 0.258 0.430 0.733 0.938
Cubic 0.052 0.143  0.491 0.758 0.381 0.529 0.936 0.563 0.607 0.722 0.089 0.986 0.655
Quartic 0.320 0.111  0.164 0.941 0.347 0.307 0.081 0.824 0.091 0.613 0.743 0.627 0.605

Table 5- Effects of different chlorine to sodium ratios on some plasma metabolites of broiler chickens at 10 d of age.

Cl Na K Glucose Cholesterol  Triglycerides ~ Albumin  Total protein  Creatinine  Uric acid
Cl: Na ratio (mmol/l)  (mmol/l)  (mmol/l) OSM (mg/dl) (mg/dI) (mg/dl) (g/dl) (g/dl) (mg/dl) (mg/dl)
1:1 81.67° 121.58° 4.22 264.08>  219.91 175.58 114.83 1.57 2.89 0.126 4.24
1.1:1 86.74%®  127.75%® 4.16 276.40%  221.08 174.83 116.25 1.55 3.13 0.140 4.50
1.2:1 85.87%  129.16% 4.13 278.85%  216.08 185.10 110.33 1.59 3.17 0.134 3.95
1.3:1 89.94%®  135.08% 4.04 291.06®  226.08 183.17 118.92 1.54 2.97 0.124 4.42
1.4:1 94,772 138.422 4.05 298.79*  244.75 179.25 112.25 1.47 3.16 0.123 4.10
SEM 2.73 3.63 0.049 7.13 7.51 3.86 3.54 0.072 0.085 0.006 0.144
P-value 0.033 0.027 0.068 0.019 0.091 0.272 0.479 0.777 0.095 0.225 0.075
Orthogonal polynomial contrasts

Linear 0.0041 0.004 0.0182 0.003% 0.026* 0.174 0.801 0.224 0.244 0.131 0.423
Quadratic 0.617 0.940 0.717 0.984 0.080 0.175 0.887 0.379 0.345 0.062 0.804
Cubic 0.347 0.869 0.671 0.836 0.529 0.257 0.427 0.617 0.061 0.065 0.956
Quartic 0.651 0.639 0.610 0.623 0.659 0.272 0.056 0.643 0.398 0.948 0.005°

ab Means with different letters in each column are significantly different (P <0.05).
SEM: standard error of the means. OSM: plasma osmotic value.
1Y=79.07+2.84X,2Y=4.26-0.047X, 3Y=256.61+8.41X,4Y=209.18+5.47X,5Y=0.0823+0.062X-0.019X?+0.001X3+0.001X*
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Table 6- Effects of different chlorine to sodium ratios on the crop
filling rate (feed + water) at 2, 4, 8, 12, 24, and 48 hours after being in
the experimental units.

Cl: Na ratio 2h 4h 8h 12h 24 h 48 h
1:1 60.71  69.04 76.18 85.72  95.23 100.00
1.1:1 59.52  69.04 79.76 87.95 97.61 98.80
1.2:1 61.90 71.43 76.18 89.09 9523 97.61
1.3:1 63.09  70.23 78.57 86.78  96.42 98.80
1.4:1 55.95  69.05 77.38 89.22  98.80 100.00
SEM 1.83 1.52 2.05 1.73 1.87 1.011
P-value 0.099 0.744 0.683 0.567 0.608 0.440
Orthogonal polynomial contrasts

Linear 0.313  0.807 0.855 0.298 0.324 1.000
Quadratic 0.067  0.306 0.644 0.643 0.614 0.071
Cubic 0.051  0.626 0.586 0.298  0.325 1.000
Quartic 0.087  0.462 0.198 0.474 0.500 0.578
ab Means with different letters in each column are significantly different
(P <0.05).

SEM: standard error of the means.
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Table 7- Effects of different chlorine to sodium ratios on behavioral observations, including eating, drinking, and resting at 3, 6, 12, 24, 48 and 72 hours after
being in the experimental units.

3h 6h 12 h 24 48 72
Cl: Na ratio F D R F D R F D R F D R F D R F D R
11 148 1342 17.75 16,50 1583 1517 14.17 1133 18.67 1558 1433 16.42 1517 1200 1758 1750 1750 13.00
111 11.33 1658 1833 9.83 16,58 18.83 13.00 19.42 1517 1592 1433 1500 9.00 12.00 21.75 15.25 13.67 17.25
1.2:1 16.83 18.25 14.08 1583 1825 14.33 16.00 17.08 1500 17.83 1433 1425 1833 1558 13.42 16.33 14.83
131 1842 1342 13.75 17.67 13.42 14.00 16.00 13.67 16.17 1142 17.75 1717 19.83 1875 1092 1158 13.67 19.83
1.4:1 16.83 15.83 13,58 17.67 1342 1517 1833 16.00 1250 16.75 16.75 14.67 1517 19.17 1383 17.50 16.33 12.58

Chi-square 0.531 0.713 0.751 0422 0712 0.854 0.832 0.419 0.796 0.686 0.890 0.970 0.190 0.331 0.209 0.645 0.876 0.514
P-Value

Orthogonal polynomial contrasts

Linear 0.186 1.000 0.262 0.263 0.370 0.622 0.262 0.839 0.371 1.000 0.393 0.767 0.299 0.041 0.092 0.674 1.000 0.793
Quadratic 0.756 0.447 0.543 0.750 0.448 0.934 00915 0.235 0.648 0.874 1.000 0.901 0.704 0.869 0.871 0.290 0.590 0.275
Cubic 0.151 0.265 0.472 0.111 0500 0.328 0.705 0.112 0.653 0.353 0.520 0.605 0.044 0.699 0.132 0.402 1.000 0.602
Quartic 0926 0.670 0.785 0.812 0.670 0.709 0.601 1.000 0.708 0.235 0.570 0.452 0.368 0.769 0.469 0.428 0.338 0.206

ab Means with different letters in each column are significantly different (P <0.05).
F: feeding, D: drinking, R: resting
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