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ABSTRACT  

This study was conducted to evaluate the effect of added different 

levels of common salt in drinking water on the production performance 

and mortality rate in Japanese quail chicks. A total of 600 one-day old 

(8.61±0.21 grams) Japanese quail chicks divided into six treatment 

groups and five replicates of 20 birds per experimental units, based on 

completely randomized design for 42 days. All groups were fed the 

same diets and only amount of salt in the water differed. Control group 

consumed conventional drinking water and other treatments have 

1.32, 2.80, 3.80, 5.56 and 7.12 grams of salt per liter which was equal 

to 233 ppm total dissolved solids (TDS) for control group and 1233, 

2233, 3233, 4233 and 5233 ppm for other experimental groups, 

respectively. The results showed that feed intake (FI), body weight 

gain (BWG), live body weight (LBW) and feed conversion ratio (FCR) 

were significantly affected by water salinity (p  > 0.0001). The highest 

FI and worst FCR were for treatment containing 5233 ppm TDS 

whereas the best FCR have been observed for treatments containing 

233, 1233 and 2233 ppm TDS. The mortality rate also significantly 

increased by the increasing TDS level in drinked water (p  > 0.0001). In 

conclusion, in order to maintain quail chicks performance at economic 

and acceptable range as well as least mortality, amount of TDS in 

drinking water should not be more than 2233 ppm. 
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INTRODUCTION 

Water quantity and quality are the significant 

challenges in arid to semi-arid regions of the world 

including Iran (Madani et al., 2016; Vosooghi-

Postindoz et al., 2018). Average annual precipitation in 

Iran is lower than 250 mm which is 72% less than the 

global average of 814 mm; so that the country is facing 

great water shortage, which resulted in drying lakes 

and rivers, reducing groundwater levels, increasing 

contamination and salinization of water, water supply 

rationing, salt and sand storms and increasing need to 

water desalination (Madani et al., 2016; Karandish 

and Hoekstra 2017). Drying Lake Urmia which is one 

of the world’s largest hypersaline lakes, led to 

shortage, salinity and contamination of the water 

resources in north west of Iran (Karandish and 

Hoekstra 2017).  

Water salinity is referred to the total concentration of 

soluble inorganic ions in particular sodium and 

chloride. Electrical conductivity (EC) and total 

dissolved solids (TDS) are usually used to measure 

water salinity (Atekwana et al., 2004; Rusydi 2018). 

Yape Kii and Dryden (2005) cited that water salinity 

may cause harmful effects resulting in poor 

performance, illness or even death of animals. They 

have stated that adverse effects of salinity on health 

and performance varied based on species and breeds, 

adaptation and environment of animals. Alahgholi et 

al (2014), also stated that animal’s tolerance to 

different amounts of NaCl in the water may depends 

on their species, age, water requirement, physiological 

condition, season of the year and salt content of total 

diet. 

Nowadays, animal production industry is facing with 

both water scarcity and salinity in Iran. Thus, it seems 

that, there are no much more options for farmers other 

than efficient water utilisation, desalination of the 

water or using available water for adapted or resisted 

animals. Poultry producers in regions with high levels 

of water TDS, especially NaCl in water, try to solve the 

problem by reducing diet NaCl content and purifying 

saline water (Honarbakhsh et al., 2007). 

Recently, Japanese quail (Coturnix coturnix Japonica) 

rearing have been increased in the country (Emami et 
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al., 2015; Seifi et al., 2016; Saki et al., 2017) due to high 

yields in much more limited spaces, lower need to 

expensive investments and shorter production periods 

as well as higher income and qulity of products 

(Emami et al., 2012; Emami et al., 2015; Kalafova et 

al., 2018). Japanese quail is used as an animal model 

for different studies suitable for its eggs and meat 

production and it is more resistant to various diseases 

as well as environmental condition than that of 

chickens (Redoy et al., 2017; Kalafova et al., 2018). 

Althogh there is several researches in term of drinking 

saline water on health and production performance of 

meat and egg type poultries (Julian 1987; Barton 1996; 

Pourreza et al., 2000; Chen and Balnave 2001; 

Honarbakhsh et al., 2007; Kiani and Feizi 2008; Dai et 

al., 2009; Ahmed, 2013; Alahgholi et al., 2014; Elsaidy 

et al., 2015), but there is a little studies on the effect of 

water salinity on performance of Japanese quail 

(Shanawany et al., 1989; Erener et al., 2002).  

This study was conducted to determine the effects of 

increasing TDS level of water by adding different 

levels of sodium chloride (common salt) to the water on 

production performance and mortality rate of 

Japanese quails. 
 

MATERIALS and METHODS 

Experimental precedure 

A total of 600 one-day old unsexed Japanese quail 

chicks (8.61±0.21 grams) were obtained from 

commercial hatchery in East Azerbaijan, Iran, at 

winter of 2016 and divided into six groups comprising 

five replicates of 20 birds each, based on completely 

randomized design for 42 days. Ethical and animal 

care considerations approved by the Animal Research 

Committee in Islamic Azad University, Shabestar 

Branch (IAU-195), Shabestar, Iran. All treatments 

were reared at littered floor containing sawdust with 5 

cm depth, in same conditions and fed the same diet 

(Table 1); formulated based on NRC (1994), only with 

different amounts of salt in their drinking water. 

Control treatment (T1) was consumed conventional 

drinking water (without adding any salt) and other 

treatments (T2- T6) have 1.32, 2.8, 3.8, 5.56 and 7.12 

grams of salt per liter which was equal to 233 ppm total 

dissolved solids (TDS) for control group (T1) and 1233, 

2233, 3233, 4233 and 5233 ppm for experimental 

groups (T2- T6), respectively. All birds have free access 

to drinking water based on treatments. Electrical 

conductivity (EC) of the treatments was measured by 

EC meter in the laboratoriy of chemistry, Islamic Azad 

University, Shabestar, Iran. Amounts of TDS were 

calculated using EC data by the equation: TDS  = 640 

* EC where; TDS as ppm and EC as dS/m (Atekwana 

et al., 2004). 
 

Statistical Analysis 

Experimental data were subjected to analysis of 

variance (ANOVA) as a completely randomized design 

(CRD) with six treatments and five replicates for each 

treatment, using general linear model (GLM) 

procedure of SAS (2008) and then, treatment means 

were compared by Duncan multiple range tests (Steel 

et al., 1997). 
 

Table 1. Feed Ingredients and Nutrient Contents of 

Experimental Diets of Japanese Quails at 

Whole Growing Period (1- 42d)  

Feed ingredients  (%) 

Corn grain 52.89 

Soy bean meal (44% CP) 38.80 

Corn  gluten (60% CP) 3.93 

Sunflower oil 1.32 

Oyster shell 1.34 

Dicalcium phosphate 0.77 

Common salt 0.25 

Vitamins premix 0.25 

Minerals premix 0.25 

DL-Methionine 0.12 

HCL- Lysine 0.08 

Nutrients (calculated)  

Metabolisable energy (Kcal/kg) 2900 

Crude protein (%) 24.00 

Crude fiber (%) 3.93 

Ca (%) 0.80 

P available (%) 0.29 

Methionine (%) 0.50 

Methionine+ Cysteine 0.93 

Lysine (%) 1.30 

Na (%) 0.11 

Cl (%) 0.19 
 

RESULTS and DISCUSSION 

Effect of water salinity on feed intake (FI) 

Effect of water salinity on FI of Japanese quails at 1-

21 days, 21-42 days and whole experimental period (1-

42 days of age) illustrated in Tables 2-4. There are 

significant differences between experimental 

treatments at the rearing periods of 1-21 (p<0.0001), 

21-42 (p<0.0001) and 1-42 days of age (p<0.0001). At 

the 1-21 days of age (Table 2); T1, T2, T3 and T4 

(treatments containing 233, 1233, 2233 and 3233 ppm 

TDS in water) had significantly lower FI than T5 and 

T6 (treatments containing 4233 and 5233 ppm TDS in 

water, respectively). At the period of 21-42 days of age 

(Table 3) as well as whole period of the experiment 

(Table 4), T6 had higher and T3 had lower FI than 

other groups. Our results are similar to the findings of 

Sklan and Noy (2000) as well as Honarbakhsh et al 

(2007). They indicated that using high levels of sodium 

increased FI due to stimulating role of this element on 

appetite as well as absorption. They have suggested 

that sodium has a very important role on FI just after 

hatching and also in secretion and activity of some 

digestive enzymes. Olanrewaju et al (2007) also 

supposed that FI may be increased by increasing Na 
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level in poultry diets due to physiological functions of 

sodium as an effective enzyme activator in the body. 

Jankowski et al (2011) supported that in fast-growing 

chickens an intake of dietary sodium higher than that 

of NRC (1994) recommendations, has a beneficial effect 

on feed consumption. In contrast of our study, Chen 

and Balnave (2001) concluded that higher inclusion of 

NaCl in drinking water could not affect FI in laying 

hens. Same results also reported by Mahmud et al 

(2010) in broiler chickens and Erener et al (2002) in 

Japanese quails. Besides, Alahgholi et al (2014) found 

no effects of water salinity on FI at any stages of 

broilers rearing period. However, they have cited that 

sensitivity or tolerance of animals to water salinity and 

its effects on their performance may be dependent on 

their species, age, and water requirement, and 

physiological condition, season of the year and salt 

content of total diet. Shanawany et al (1989) examined 

the effect of amounts of 0, 500, 1000 and 1500 ppm 

sodium chloride in the drinking water of Japanese 

quails and concluded that FI decreases as salt 

concentration increases. Also, Afifi et al (1992) 

reported that feed consumption of broiler chickens 

decreased as a result of high sodium chloride level in 

the drinking water. This may be related to loss of 

appetite owing to lesions of the appetite center in the 

lateral nucleus of the hypothalamus as well as 

inflammation in the rectum of birds caused decrease in 

FI drastically and this effect presumably was mediated 

via hypothalamus. Moreover, the crop of the birds has 

limited capacity. Saline water conduced to increased 

water consumption probably at the cost of feed 

consumption. 
 

Effect of water salinity on body weight gain (BWG) and 

live body weight (LBW) 

Effect of water salinity on BWG and LBW of Japanese 

quails at 1-21 days, 21-42 days and whole 

experimental period (1-42 days of age) indicated in 

Tables 2-4. There are significant differences between 

experimental treatments at the periods of 1-21 

(p<0.0001), 21-42 (p<0.0001) and 1-42 days of age 

(p<0.0001). At the 1-21 days of age (Table 2), the 

highest BWG and LBW obtained for control group (T1) 

and the lowest were observed in T3, T4, T5 and T6. At 

the period of 21-42 days of age (Table 3), BWG and 

LBW significantly affected by the TDS levels so that 

T3 had lowest BWG and LBW. At the whole period of 

experiment (Table 4), control group had the highest 

and T3 had the lowest BWG and LBW. Overall, TDS 

levels lower than 2233 ppm conduce to better growth 

performance while higher levels leads to lower BWG 

and LBW. In line with our findings, Ahmed (2013) 

concluded that up to 2610 ppm of TDS in drinking 

water had not negative effects on broiler growth 

performance, while higher levels resulted in adverse 

effects growth rate of experimental birds. The study 

suggests that a TDS level of 2610 ppm has a better 

effect on broiler performance, in terms of BWG as well 

as immunity in hot weather even compared with the 

control group. NRC (1994) suggested that, the water 

TDS of less than 1000 ppm should present no adverse 

effects on growth and production performance to any 

class of poultry, but higher levels may affect their 

health and performance. Kettunen et al (2001) 

demonstrated that consumption of water with higher 

salinity may exert negative effects on performance 

traits of the birds due to deterioration of osmotic 

pressure and intracellular metabolism. Goldstein & 

Skadhauge (2000) declared that increasing TDS level 

in drinking water above 1500 ppm, led to enhance 

osmotic stress which in turn increases urination, and 

when rises above 3000 ppm, osmotic regulation is 

strike a balance. Barton (1996) reported that drinking 

water with TDS higher than 3000 ppm causes growth 

rate depression. Afifi et al (1992) suggested that 

depression of BW in saline water drinking birds is 

related to the increasing levels of glucocorticoids and 

correlated between adrenal size and body weight as 

well as severe diarrhea. 
 

Effect of water salinity on feed conversion ratio (FCR) 

Effect of water salinity on feed conversion ratio of 

Japanese quails at 1-21 days, 21-42 days and whole 

experimental period (1-42 days of age) demonstrated in 

Tables 2-4. There are significant differences between 

experimental treatments at the periods of 1-21 

(p<0.0001), 21-42 (p<0.0001) and 1-42 days of age 

(p<0.0001). At the 1-21 days of age (Table 2), feed 

conversion ratio adversely affected by increasing TDS 

level in drinking water. The best (lowest) feed 

conversion ratio observed in T1 and T2 and the worst 

(highest), were in T5 and T6. However at the period of 

21-42 days of age (Table 3), the lowest FCR was for the 

T1 and T3, and highest was for T6. At whole 

experimental period (Table 4), also FCR adversely 

affected by increasing TDS level in drinking water and 

T1, T2 and T3 were the best and T6 was the worst 

treatment. It means that, at whole period of the 

experiment TDS levels higher than 2233 ppm resulted 

in higher FCR and consequently lower productivity. In 

agreement with our results, Honarbakhsh et al (2007) 

observed that enhancing salinity of drinking water can 

increases feed conversion ratio (FCR) and reduces 

performance of broiler chickens due to impaired cation-

anion balance which in turn it affects a lot of 

physiological and metabolic functions of body. 

Moreover, they have mentioned that young chicks are 

more susceptible to salt than older birds. However, 

Erener et al (2002) examined the performance of 

Japanese quails at 42 days of age offered sodium 

chloride provided through drinking water and did not 

observed significant differences between the treatment 

groups in terms of FI, BWG, LBW, FCR, water 

consumption or water to feed consumption ratio.  
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Table 2. Effect of Water Salinity (TDS) Levels on Production Performance of Japanese Quails at 

1-21 Days of Age  

Treatments  FI (g) BWG (g) LBW (g) FCR (g/g)  

T1 302.23b 124.3a 133.30a 2.42a  

T2 295.63b 118.9b 127.87b 2.48a  

T3 285.45b 101.8c 111.34c 2.80b  

T4 286.38b 104.3c 113.25c 2.74b  

T5 320.65a 102.4c 111.35c 3.12c  

T6 335.40a 102.5c 111.47c 3.27c  

P value <0.0001 <0.0030 <0.0001 <0.0001  

SEM 5.778 0.6025 0.6542 0.0566  
Means in the same column with different letters (a, b and c) are differ (P<0.05).   

T1- T6 containing 233, 1233, 2233, 3233, 4233 and 5233 ppm total dissolved solids (TDS), respectively. 

SEM: standard error of means 
 

Table 3. Effect of Water Salinity (TDS) Levels on Production Performance of Japanese Quails at  

21-42 Days of Age 

Treatments  FI (g) BWG (g) LBW (g) FCR (g/g)  

T1 378.12b 104.95ab 238.25a 3.56a  

T2 404.07b 105.12ab 232.50b 3.83b  

T3 327.57c 97.66c 209.25e 3.59a  

T4 386.01b 104.25ab 217.50cd 3.70bc  

T5 397.05b 108.14a 219.50c 3.65bc  

T6 427.49a 102.77b 214.25d 4.15c  

P value <0.0001 <0.0030 <0.0001 <0.0001  

SEM 9.42 1.42 1.33 .066  
Means in the same column with different letters (a-d) are differ (P<0.05). 

T1- T6 containing 233, 1233, 2233, 3233, 4233 and 5233 ppm total dissolved solids (TDS), respectively. 

SEM: standard error of means 
 

Table 4. Effect of Water Salinity (TDS) Levels on Production Performance of Japanese Quails at 

1-42 Days of Age  

Treatments  FI (g) BWG(g) LBW(g) FCR(g/g) Mortality Rate (%) 

T1 680.33bc 229.00a 238.25a 2.97a 06.01a 

T2 699.70bc 224.00b 232.50b 3.13a 12.11b 

T3 634.18d 200.25e 209.25e 3.16a 16.06bc 

T4 669.87cd 208.50cd 217.50cd 3.22bc 21.04c 

T5 717.95b 210.50c 219.50c 3.40b 31.09d 

T6 762.90a 205.25d 214.25d 3.71c 49.00e 

P value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

SEM 12.42 1.26 1.30 0.06 1.715 
Means in the same column with different letters (a-e) are differ (P<0.05). 

T1- T6 containing 233, 1233, 2233, 3233, 4233 and 5233 ppm total dissolved solids (TDS), respectively 

SEM: standard error of mean 
 

Also, in contrast with our findings, Dai et al (2009) 

reported that addition of 0.4% comparing 0.2% NaCl in 

drinking water, increased BWG and improved FCR. 

Afifi et al (1992) declared that higher FCR in birds that 

offered drinking water with higher salinity may be due 

to severe diarrhea and subsequent weight loss of birds. 
 

Effect of water salinity on mortality rate 

Effect of water salinity on mortality rate of Japanese 

quails in the whole experimental period (1-42 days of 

age) showed in Tables 4. Mortality of the quails was 

significantly (p<0.0001) affected by the increasing TDS 

level in drinking water; which was varied between 6% 

for T1 to 49% for T6. Mortality rate have increased by 

increasing drinking water salinity. Increasing 

mortality of birds by increasing TDS levels in drinking 

water has been reported by several researchers (Julian 

1987; Ali Maie et al., 1992; Barton 1996; Pourreza et 

al., 2000; Erener et al., 2002; Honarbakhsh et al., 2007; 

Kiani and Feizi, 2008). Julian (1987) had been stated 

that excess sodium chloride in the diet and drinking 

water cause ascites and oedema in poultry. Sodium is 

the toxic ion in salt poisoning and young poultry may 

be at particular risk from excess sodium because they 

have lower plasma osmolarity and undeveloped 

kidneys. Ali Maie et al (1992) showed that salt stress 

caused substantial increase in respiratory rate, 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=sodium+chloride
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hematocrit values and total plasma protein levels of 

the broiler chicks which in turn leads to increasing 

mortality. They have concluded that in broiler chicks 

the tolerable level of salt in drinking water is 2 g/L. 

Barton (1996) concluded that drinking water with TDS 

in excess of 3000 ppm resulted in increased flock 

mortality. Pourreza et al (2000) indicated that using 

water with higher levels of TDS had the most negative 

effects on mortality rate  in the rearing period of 

broilers and up to 56.2% mortality was recorded at the 

highest TDS content (more than 5000 ppm). They have 

concluded that gastro intestinal, liver and kidney 

lesions as well as acid-base imbalance and coccidiosis 

due to salt stress may be the main reasons of mortality. 

Also in the experiment of Erener et al (2002) mortality 

rate of Japanese quails in particulate newly hatched 

chicks was increased by enhancing NaCl level of the 

drinking water. Honarbakhsh et al (2007) found the 

adverse effects of higher TDS on mortality, 

particularly in young chicks which are more 

susceptible to salt than older birds. A number of 

mortalities in their study caused by ascites which 

caused by salt overdose and osmotic difference between 

plasma and tissue. They have cited that high levels of 

sodium chloride in drinking water leads to increase 

blood pressure, heart failure, water consumption and 

litter moisture and therefore resulted in increasing 

occurrence of some diseases such as ascites and 

coccidiosis and consequently increasing mortality rate. 

Kiani and Feizi (2008) characterized that using 

drinking water with higher than 350 ppm sodium 

concentration resulted in higher mortality rate. 

Watkins et al (2005) suggested that dietary levels of 

sodium and chloride should adjusted based on levels of 

these elements in the drinking water. Moreover, they 

have estimated that sodium in the drinking water may 

replace even complete supplemental sodium in the 

diet. 

 

CONCLUSION 

Based on the results of current study, it can be 

concuded that, in order to maintaining quail chicks 

performance at economic and acceptable range as well 

as least mortality, amout of TDS in drinking water 

should not be more than 2233 ppm. So, higher salinity 

in drinking water leads to higher FI, FCR and 

mortality rate and lower body weight gain and finally 

lower profitability. 
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