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Abstract

Introduction: Studies show that sodium chloride soluble in water can be used as a source of mineral
supplementation to meet part of the mineral needs of birds and that sodium water can replace the dietary sodium
supplement completely. Therefore, if it is possible to exploit this ability of poultry and to provide some of the
water they consume from salt water, while preserving the country's fresh water resources, the problems caused by
saltwater use will be largely resolved. This study examined the effect of high salt concentration in Caspian Sea
water on the quality of the meat, intestinal morphology, and histopathology of the liver and kidney tissues of
broiler chickens. As the permitted limit for total dissolved solids in broilers is 1000-3000 ppm, the amount of
seawater used for broiler chickens was within this range.

Materials and methods: Based on the hardness of drinking water in poultry farms at 340 ppm and the annual
mean hardness of seawater at 3,700 ppm, as well as the permissible NRC hardness limit for water consumption,
the study was carried out in a completely randomized design with four experimental treatments including 1.
Control, 2. A mixture of seawater and drinking water with TDS equal to 1000 ppm, 3. A mixture of seawater and
drinking water with TDS equal to 2000 ppm, and 4. A mixture of seawater and drinking water with TDS equal to
3000 ppm in five replications. To check the quality of the meat at the end of the incubation period, five chickens
of average weight were selected and slaughtered from each of the experimental groups. To measure the meat pH,
we mixed 10 grams of minced chicken meat with 90 mL of distilled water and measured the meat pH with a
calibrated pH meter. For the measurement of water retention, after centrifugation and weighing, the sample was
placed at 70° for 24 hours, and its weight was again recorded and finally calculated by the formula. To check the
textural characteristics of meat, cube-shaped samples (2x2x2 cm) and rectangular cubes (4x2x2 cm) at a speed
of 1 mm/s with a pressure of 50% and a penetration depth of 10 mm were prepared. They have been tested with
the Texture Profile Analyzer (TPA). For the histopathological examination of the liver and kidneys, which
included sampling, fixing, and molding of samples, tissue cutting, staining, and laminating of samples, the birds
were completely dissected at the end of the incubation period, and after the birds had been killed and their
histopathological changes recorded on slides for microscopic examination. To examine the intestinal morphology,
a 3 cm long sample from the mid-joint of the small intestine was prepared and transferred to a 10% buffered
formalin stability solution after washing with 0.9% saline. All the same procedures were then applied to liver and
kidney tissue samples, and finally, 6-mm diameter cross-sections were prepared and stained with hematoxylin and
eosin staining to investigate intestinal morphology. The length, width, depth, and the ratio of the length of the
villus to the depth of the crypt of each tissue sample were then measured under a microscope and used for the
study.
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Results and discussion: There is no significant difference in the feed conversion rate of treatments by adding
different percentages of seawater to drinking water, but water consumption and moisture content of the litter have
increased. Comparing the average parameters of meat under the different TDS caused by the mixture of Caspian
Sea and drinking water, no significant differences were observed in the pH, gumness, coagulation, chewing time,
and chewing consistency of the examined treatments. It has shown that different TDS of water have no effect on
these meat parameters and statistically they have almost the same average. The only significant difference
observed was between the flexibility, water retention capacity, and hardness of the meat tissue, which indicates
that meat tissue from treatment with a high TDS had a lower water retention capacity than control treatment.
Concerning the length of the villus, which is one of the morphological parameters of the small intestine, it may
be considered to be related to the increased capacity of the bird to absorb nutrients, as the length of the villus
increases. Slow, longer villi prevent faster passage and increase conversion factor, and lower crypt depths indicate
a decrease in the metabolic regeneration of the intestinal epithelium. Based on the results for the length of the
blisters, the largest difference compared to the control treatment was related to the treatment with 75% Caspian
Sea water, which resulted in a statistically significant difference. Based on the results concerning the width (depth)
of the villa and the depth of the tomb, no significant difference was observed when using a mixture of water from
the Caspian Sea and drinking water. Results from histopathological examination of the kidney and liver tissues of
the treatment groups in this study showed that consumption of 1000 ppm seawater in these animals did not result
in significant changes in liver and kidney tissue. There was significant tissue damage in these liver and kidney
tissues, and the severity of these changes and damage was directly correlated to the increased seawater
concentration in the diet.

Conclusions: Based on the results of histopathological examination of kidney and liver tissues from the treatment
animals, consumption of 1000 ppm seawater in these animals did not result in significant changes in liver and
kidney tissue. When 50% of the water from the Caspian Sea was used and added to drinking water, no significant
differences were observed in the ability to absorb and access nutrients from the intestinal villi and finally in the
morphology of the small intestine.

Keywords: Caspian Sea water, Broiler chicken, Intestinal morphology, Meat quality, Liver and kidney
histopathology
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Table 1. National Center for Caspian Sea Studies
and Research (Farah Abad Station, Sari, year

2021)

Row Parameters Average Unit
1 Saltiness 13.84 ppt
2 TDS 3870 ppm
3 Na 3049 ppm
4 K 53.1 ppm
5 Cl 5286 ppm

6 Heterotrophic 1.5x107 MPN/100
bacteria mL

7 Total Coliforms 50 MPN/100
mL

8 Fecal Coliforms 0 MPN/100
mL

9 Enterococcus 30 CFU/mL
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Table 2. The percentage of ingredients of the initial, growth, and final rations

Ingeredient 1-10d 11-24d 25-36d
Corn 48,06 50.51 51.92
soybean meal 36.49 37.44 35.27
Corn gluten meal 10 7 5
vegetable oil 0.9 1,08 4.25
Di-calcium phosphate 1.87 1.64 1.46
Calcium carbonate 1.22 1.11 1.01
Comoon salt 0.28 0.25 0.25
baking soda 0.2 0.2 0.2
L-lysine hydrochloride 03 0,11 0,03
DL-methionine 0.19 0.16 0.16
vitamin supplement” 0.25 0.25 0.25
mineral supplement” 0.25 0.25 0.25
Calculated chemical levels

Metabolizable energy 2900 3000 3100
(Kcal/Kg)

Crud protein (%) 22.24 20.8 18.89
Calcium (%) 0.93 0.84 0.76
Sodium(%) 0.19 0.18 0.16
Lysin (%) 1.39 1.25 1.12
Methionine (%) 0.54 0.49 0.46
M+C (%) 1.04 0.96 0.88
Theronine (%) 0.94 0.85 0.76

* Each kilogram of vitamin premix contains 3600000 units of vitamin A, 800000 units of vitamin D3, 7200 units of vitamin E,
800 mg of vitamin K3, 710 mg of vitamin Bi, 2640 mg of vitamin B2, 3920 mg of vitamin B3, 11880 mg of vitamin Bs, 1176
mg of vitamin Bg, 400 mg of vitamin By, 6 mg of vitamin Bi2, 40 mg of vitamin biotin, and 200,000 mg of choline chloride.
Each kilogram of mineral premix contained 39680 mg of manganese, 20000 mg of iron, 33880 mg of zinc, 4000 mg of copper,

396.8 mg of iodine, and 80 mg of selenium.
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Table 3. Mean comparison of water consumption at different ages

Experimental treatments” 70 Aglel _(SZY) 2536 Total water consumption (mL)
1 965.54 3733.0¢ 4523.5b 9224.0°

2 1074.5¢ 3947.5¢ 4484.0° 9506.0°¢

3 1279.0° 4172.5° 4714.5° 10116.0°

4 1723.12 4489.5° 5315.1° 11527.72
Mean+SD 1261.0+67.7 4085.6+£69.7 4759.3+87.7 10105.9+212.1
P-value 0.0001 0.0001 0.0001 0.0001

4 Different letters in each column represent a significant difference at P<0.05. SD: Standard deviation.
* 1. Control, 2. A mixture of seawater and drinking water with TDS equal to 1000 ppm, 3. A mixture of seawater and
drinking water with TDS equal to 2000 ppm, and 4. A mixture of seawater and drinking water with TDS equal to 3000

Table 4. Mean comparison of feed conversion ratio at different ages

Experimental treatments” 10 A‘(’Iel _(;1:” 7536 Average feed conversion ratio
1 1.22% 1.81¢ 2.17 1.73

2 1.07° 2.00% 2.24 1.75

3 1.16* 2.12% 1.96 1.75

4 1.11% 1.94b¢ 1.89 1.65

Mean+SD 1.13+0.025 1.97£0.036  2.07+0.061 1.72+0.021

P-value 0.014 0.007 0.121 0.226

*¢ Different letters in each column represent a significant difference at P<0.05. SD: Standard deviation.
* For treatments, please see Table 3.
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Table 5. Mean comparison of the percentage of substrate moisture at different ages

Experimental treatments” I 1_24Age (day)2 536 The average moisture content of the substrate
1 49.7° 37.2° 43.4°

2 51.0° 44.6b 47.8

3 55.7° 54.5% 55.1%

4 60.8* 60.5* 60.7°

Mean+SD 54.3+1.23  49.242.55 51.7+1.77

P-value 0.0004 0.0006 0.0001

¢ Different letters in each column represent a significant difference at P<0.05. SD: Standard deviation

* For treatments, please see Table 3.



% EOVE)VEF o sl o )loslps oz Jlol sl Syt Slagios

ClgS CohS laazinl b (Sl anglio -F Joao

Table 6. Mean comparison of meat quality parameters

Traits Experimental treatments” Mean=SD P-value
1 2 3 4
pH 5.92 5.94 6.02 5.92 5.95+0.02 0.187
Water holding capacity (g) 62.292 63.19*  60.45®  54.89° 60.20+1.16 0.036
Texture hardness (g) 5460° 64128 8980? 5111° 6490.84+639.14 0.032
Adhesiveness tissue (gummy) 0.34 0.24 0.46 0.36 0.3530.05 0.509
Tissue flexibility 0.118%  0.146®  0.102>  0.150° 0.13%0.01 0.048
Texture cohesion 0.342 0.368 0.320 0.380 0.3520.01 0.481
Texture spring (mm) 443 4.74 431 4.30 4.44%0.08 0.127
Textured gum 19242  2917.0 2970.6 2398.6  2552.60+£192.86 0.180
chewing tissue (mJ) 79.66 12532 123.62  106.50 108.78+8.98 0.252
Cutting hardness of tissue (g) 1866.6  1964.0 1991.6 19154 1934.40%0.02 0.591
Gummy tissue cut 0.014° 0.2442 0.272*  0.270* 1.16+0.20 0.0001
Tissue cutting flexibility 0.27° 0.21° 0.99° 1.172 539.14+0.66 0.021

b Different letters in each row represent a significant difference at P<0.05. SD: Standard deviation

" For treatments, please see Table 3.
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Table 7. Mean comparison of histomorphology parameters of intestine

Traits
i Villi height
Experimental LB Villiwidth  Cryptdepth  The ratio of the height of the villi to the
treatments (um)
(um) (um) depth of the crypt

1 8§71.4° 89.2 78.8 1.5
2 856.2¢ 81.4 79.0 11.4
3 807.4% 70.0 78.0 10.8
4 779.2b 60.8 79.6 10.1

13.08
Mean+SD b | TSAESSS  789:404 10.9+40.492
P-value 0.029 0.298 0.999 0.765

*b Different letters in each row represent a significant difference at P<0.05. SD: Standard deviation

* For treatments, please see Table 3.
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Fig. 1. Liver tissue micrographs of treatments at 100x magnification (small square box at 400x magnification)
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Fig. 2. Kidney tissue micrographs of treatments at 100x magnification (small square box at 400x
magnification)
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