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Abstract
Background and Aim: The high salinity of drinking water has been a significant problem of the Mekong Rivers Delta. 
Animals drinking high salinity water altered feed and water intake (WI), urinary electrolytes excretion, and productivity. 
This study aimed to evaluate the effects of high salinity in drinking water on drinking and eating behaviors and kidney 
function in crossbred goats.

Materials and Methods: The experiment was completely randomized with two treatments: freshwater (0%, seawater 
[SW0]) and water high in salinity (1.5%, SW1.5) from diluted SW, with five replicates (five animals per treatment). This 
experiment lasted 3 weeks: the 1st week for the pre-treatment period and the 2nd-3rd weeks for the post-treatment. Dry matter 
intake (DMI) and WI were recorded every day, while urine volume (UV) was determined from day 8 to day 21. Blood and 
urinary samples were collected on days 6, 14, and 21 of the study for electrolytes and creatinine analysis.

Results: The results demonstrated that both DMI and WI were affected by SW1.5 (p<0.05). Goats drinking from SW1.5 
had lower DMI during D19–21, and the ratio of DMI/WI was significantly different during D16–21 (p<0.05). Interestingly, 
the UV from SW1.5 was higher than that from SW0 during D13–21 (p<0.05). Although the body weights (BW) of both 
groups were similar (p>0.05), the weight gain observed in the SW1.5 group tended to decrease (p=0.056) at the 2nd week. 
The concentration of electrolytes in blood did not differ between the groups (p>0.05). In contrast, the concentration and 
excretion of Na+ and Cl- in urine increased in SW1.5 goats at D14 (p<0.05), while creatinine levels in the blood remained 
normal (p>0.05).

Conclusion: The study concluded that crossbred male goats can tolerate 1.5% saline water from diluted SW for 2 weeks. 
The high salinity in water influences drinking and eating behavior in growing goats. However, the adaptive mechanism by 
increasing urine output and reducing the reabsorption of Na+ and Cl- in the kidney is the key function and works faster than 
behavioral responses. The kidney apparently drives drinking behavior during high salinity water consumption.
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Introduction

Vietnam is classified as a water-deficit country in 
which the mean surface water and groundwater is 4400 
m3/person/year (compared to 7400 m3/person/year in 
the world on average). According to calculations, if the 
sea level rises 1 m, 39% of the Mekong River Delta 
(MRD) area becomes at risk of salinity intrusion. In 
2016, in the coastal provinces in the MRD, the salin-
ity levels in some locations ranged from 0.6 to 1.5%. 
Interestingly, Boer crossbred goats are the predomi-
nant breed and are well developed in this area. The pre-
vious study found that goats are more tolerant to high 

saline in drinking water than sheep [1]. Goats could 
accept 1.5% NaCl in drinking water [2]. Saanen cross-
bred goats and growing local goats in Vietnam rejected 
saline water at 1.5-2.0% [3]. Boer goats rejected saline 
water at 1.25-1.5% NaCl and were more sensitive to 
the ingestion of salt from drinking water after pro-
longed exposure to saline water [4]. However, the 
previous study reported that goats can tolerate saline 
water up to 2% for at least 2 weeks [5].

In this context, the animals’ ability to tolerate 
various degrees of salt loads in drinking water may 
be related to kidney function [6]. Due to the kidney’s 
important role in regulating body fluids and com-
positions, some studies have suggested that sheep 
drinking water containing 1.3% NaCl appear to 
develop an adaptation for salt tolerance without any 
negative effects [7]. This ability came from a renal 
adjustment that increased filtration and eliminated 
salt [6]. Similarly, Abou Hussien et al. [8] found that 
sheep and goats drinking saline water controlled their 
salt load by excreting more urine and increasing the 
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filtration rate, while camels drank less saline water to 
decrease salt stress. Although goats may be tolerant 
to saline water up to 1.5% due to renal adjustment, 
difference in breeds, or climate conditions as reported 
by previous studies, there is little information about 
the chronological responses of Boer crossbred goats 
to diluted seawater (SW) under tropical conditions.

Therefore, this study aimed to investigate the 
effects of high salinity in drinking water on chrono-
logical behaviors and renal electrolyte excretion 
responses in growing crossbred goats under tropical 
conditions. For this purpose, we hypothesized that 
Boer crossbred goats may adapt to high salinity in 
drinking water with either chronological behaviors or 
changes in renal electrolyte excretion.
Materials and Methods
Ethical approval

The study was approved by the Scientific 
Committee, Can Tho University (#3559), Vietnam.
Study period and location

The study was carried out from September 2020 
to March 2021 at the Experimental Farm, College 
of Rural Development, Cantho University, Vietnam. 
The samples were analyzed at Department of Animal 
Science, College of Agriculture, Cantho University, 
Vietnam.
Experimental design and animal care

The experiment was conducted on 10 male 
crossbred Boer goats (Boer×Bach Thao goats, 
7-8 months old) with an average body weight (BW) 
of 22.70±0.30 kg. In this study, we used the male 
Boer crossbred goats because the farmers prefer the 
male goats for meat purposes due to better daily 
weight gain than female Boer crossbred goats. Each 
animal was in a healthy state and was not suffer-
ing from dangerous infectious diseases. All animals 
were kept in individual metabolic cages in 1.2×0.7 m 
shaped pens with plastic floors, feeders, and drink-
ing troughs for the adaptation period (10 days). 
During this period, all goats ate the same experi-
mental diets and drank freshwater. Afterward, the 
experiment was completely randomized with two 
groups: a control group of goats drinking freshwa-
ter (SW0) and a treatment group of goats drinking 
saline water with a concentration of 1.5% (SW1.5). 
The present study has only five replicates, and this 
is a limitation. However, we think that this sample 
size has enough power and proved consistent with 
our previous studies [9,10].

The study used concentrated SW (9%) mixed 
with freshwater to achieve water with a salt concen-
tration of 1.5% (SW1.5), according to the formula 
C1V1=C2V2 (where C1 is the concentration of the 
starting solution; V1 is the volume of the starting 
solution; C2 is the concentration of the final solu-
tion; and V2 is the volume of the final solution), and 
the salinity was then checked by a refractometer 

(Master S28M, Atago, Japan). We bought the con-
centrated SW from an aquaculture farm and deliv-
ered it to the experimental site. The water samples 
from the SW0 and SW1.5 groups were analyzed for 
chemical composition, as shown in Table-1. This 
experiment lasted for 3 weeks, with 7 days for the 
pre-treatment period (from the 1st to 7th day) and 
14 days (from the 8th to 21st day) for the treatment 
period. All goats were offered the same rations 
containing 70% corn silage and 30% concentrate 
(consisting of 8% rice bran, 11.3% corn meal, 7.8% 
soybean meal, 0.9% limestone, and 2% molasses) 
formulated as total mixed rations (TMR) according 
to the recommendation of NRC [11]. The ingredi-
ents and chemical compositions of the rations are 
presented in Table-2. The goats received TMR ad 
libitum twice daily at 07.00 and 14.00 h and had 
free access to water.
Meteorological data

The temperature and humidity were recorded at 
07.00 h, 09.00, 11.00, 13.00, 15.00, 17.00, and 19.00 h. 
The temperature and humidity index was calculated 
as recommended by Thammacharoen et al. [12]. The 
environmental conditions from the current study are 
presented in Table-3.

Table-1: The compositions of freshwater and high salinity 
water.

Items Freshwater 
(SW0)

High saline 
water (SW1.5)

EC (mS/cm) 0.28 33.00
TDS (g/L) 0.127 15.00
Cl- (g/L) 0.028 8.77
K+ (mg/L) 4.35 156.00
Na+ (mg/L) 16.60 4412.00
Ca2+ (mg/L) 15.50 92.30
Mg2+ (mg/L) 9.91 606.00

EC=Electrical Conductivity; TDS=Total Dissolved Solids; 
Cl-=Chloride; Na+=Sodium; K+=Potassium; Ca2+=Calcium 
and Mg2+=Magnesium, SW=Seawater

Table-2: Ingredients and chemical composition of the 
TMR.

Ingredients % DM

Corn silage 70.00
Rice bran 8.00
Corn meal 11.30
Soybean meal 7.80
Limestone 0.90
Molasses 2.00
Chemical composition

Dry matter 29.50
Crude protein 16.20
Ether extract 2.01
Acid detergent fiber 28.50
Neutral detergent fiber 39.50
Ash 9.70
Na 0.06
K 1.71
Cl 1.06

Na+=Sodium; K+=Potassium; Cl-=Chloride. TMR=Total 
mixed rations
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Data collection and measurement
Feed offered and feed refusals (9%) were 

recorded daily in the morning starting from day 1 to 
the end of the experiment. Daily dry matter intake 
(DMI) was calculated by the following formula:

Daily feed intake=feed offered-feed refusals (dry 
matter basis)

Feed and refusal samples were collected daily 
from day 1 to day 21 and were divided into two parts: 
one half was immediately dried in the oven at 105°C 
until its weight remained constant to determine the dry 
matter (DM), and the remaining samples were kept fro-
zen at −20°C until chemical analysis. At the end of the 
experiment, all feed samples were thawed and mixed 
thoroughly, and subsamples were dried at 65°C over-
night (approximately 12 h) for nitrogen and ash anal-
ysis according to Association of Official Analytical 
Chemists [13], neutral detergent fiber (NDF), and acid 
detergent fiber using the procedure developed by Van 
Soest et al. [14]. Sodium (Na+), potassium (K+), cal-
cium (Ca2+), and magnesium (Mg2+) were measured 
by atomic absorption spectrophotometry (Thermo iCE 
3000 series, Thermo Fisher Scientific, China), chlo-
ride (Cl-) was determined by colorimetric titration, 
sulfate (SO4

2-) was measured by spectrophotometry 
(Ultraviolet-visible 1800 Shimadzu, Japan), electrical 
conductivity (EC) was determined using an EC meter 
(Schott instruments D-55122, Mainz, Germany), and 
total dissolved solids (TDS) was measured with a 
refractometer (Master S28M, Atago, Japan). Water 
intake (WI) was measured daily from the beginning 
to the end of the experiment by subtracting the weight 
of water offered from the weight of water refused. All 
of the goats were weighed before the morning feeding 
on days 0, 7, 14, and 21 of the experiment, and weight 
gain was calculated using the following formula:

     
  

g Final BW Initial BWBody weight gain
day days of experiment

  −
= 

 

On days 6, 14, and 21, blood samples (4 mL) 
from the jugular vein were collected at 07.00 before 
the morning feeding and were then placed in a lithium 
heparin tube, kept on crushed ice, and centrifuged at 
900 x g for 10 min. The plasma samples were stored 
at −20°C until analysis. In addition, total urine was 

recorded from day 6 to day 21. The urine samples 
(50 ml each) from pre-treatment (day 6), day 14, and 
day 21 were collected, filtered through two layers of 
cheesecloth, and later analyzed. Plasma creatinine 
was determined with an automatic clinical chemis-
try analyzer (XL200, Erba Mannheim, Germany). 
Plasma and urine electrolytes were measured with an 
automatic analyzer (ST200 PRO, Sensa Core, India). 
This study also calculated urinary electrolyte excre-
tion (Uex) with the following formula:

Urinary electrolytes excretion (Uex)=Ue × UV
While Ue: urinary electrolytes, UV: Urine volume.

Statistical analysis
The data for DMI per BW, WI per BW, and urine 

per BW were analyzed with repeated two-way anal-
ysis of variance. The significance of the main effects 
was determined by the Bonferroni posttest. Moreover, 
the data for BW, weight gain, and plasma and urinary 
electrolytes were compared using an unpaired t-test. 
Significance was declared at p<0.05, and a tendency 
was declared at 0.05<p<0.10.
Results

During the pre-treatment period, no differences 
were detected in the levels of average daily DMI 
and WI per BW (Figures-1-3). During the 2 weeks 
of the experimental period, high salinity in drink-
ing water influenced eating and drinking behaviors 
(Figures-1-3) and urine volume (UV) (Figure-4). The 
average daily DMI per BW from SW1.5 was lower 
than that from SW0, especially on D19–21 (Figure-1, 
p=0.01). Likewise, an effect of high salinity in drink-
ing water was observed on the average WI per BW 
(Figure-2, p=0.047). The ratio of DMI and WI revealed 
the chronological phenomenon of the effect of high 
salinity water under our conditions. The ratio of DMI 
and WI during D16–21 from SW1.5 was significantly 
lower than that from SW0 (Figure-3, p<0.05). In this 
study, UV was determined from D8–21 of the exper-
iment. High salinity in drinking water significantly 
increased daily UV (Figure-4, p=0.001). Significantly 

Table-3: Environmental conditions from the current 
experiment.

Time Ambient 
temperature (°C)

Humidity 
(%)

THI

07.00 27.88±0.11 81.50±1.13 69.42±0.09
09.00 28.00±0.37 79.25±0.22 69.52±0.03
11.00 29.75±0.56 74.00±1.75 70.95±0.96
13.00 30.31±0.59 71.63±3.01 71.25±0.48
15.00 29.50±0.26 75.25±3.31 70.74±0.21
17.00 28.75±0.43 75.75±2.05 70.71±0.35
19.00 28.25±0.43 78.63±0.96 69.30±0.35

THI=Temperature and humidity index

Figure-1: Effects of high salinity in drinking water on dry 
matter intake (g/kg body weight). D1-7: Pre-treatment 
from day 1 to day 7; D8-21: Treatment period from day 8 to 
day 21. *The effect of salinity in drinking water (p<0.05).
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higher UV in SW1.5 was detected from D13–18 
(p<0.05).

On the other hand, no effect of saline water on 
the bodyweight of goats was observed. Similarly, 
weight gain in the 1st week after animals drank 
saline water did not differ between the groups 

(p=1.00, Table-4). However, weight gain in animals 
drinking saline water tended to decrease compared to 
those drinking freshwater in the 2nd week of post-treat-
ment (p=0.056, Table-4). Furthermore, plasma elec-
trolytes and creatinine contents were similar between 
the groups from the pre-treatment (day 6) and treat-
ment periods (day 14 and day 21) (p>0.05, Table-5). 
The concentration of urinary electrolytes was similar 
between the groups during the pre-treatment period, 
whereas the Na+ and Cl- contents from SW1.5 were 
higher than those from SW0 during the treatment 
period (p<0.05, Table-6). Levels of urinary excre-
tion (Uex) were similar between the groups during 
the pre-treatment period (day 1 and day 6). During 
the treatment period, the excretion of Na+ and Cl- was 
significantly different between the groups. The Uex 
of Na+ and Cl- from SW1.5 was higher than SW0 
(p<0.05, Table-7). Finally, the Uex of K+ was different 
on day 14 but not on other days of study.
Discussion

The present study demonstrated that high salin-
ity in water affects the drinking and eating behav-
iors of goats under tropical conditions. In addition, 
goats drinking water with high salinity exhibited a 
bigger UV. Furthermore, high salinity in water influ-
enced urine output earlier than it influenced eating 
and drinking behaviors. These effects were related 
to an increase in the excretion capacity of both Na+ 
and Cl-.

High salinity in drinking water did not affect 
DMI and WI during the 1st week of the treatment 
period, D8–15 (Figure-4). Similar results have 
been reported by previous studies. For example, 
Tsukahara et al. [15] found that brackish water con-
taining 6900 mg TDS/L did not affect DMI in grow-
ing Boer and Spanish goats. Similarly, DMI was not 
significantly different among treatments when sheep 
drank water with saline levels ranging from 640 to 
8326 mg TDS/L [16]. Moreover, some studies have 
reported that feed intake is negatively affected by 
increasing levels in saline water, and this result was 
similar to the previous studies in goats [5,17] and 
sheep [18]. On this note, the different responses 
observed in the animals may be due to different 
salt levels in water or the difference between spe-
cies. The reduction in feed intake in animals that 
consumed water high in salinity was affected by a 
decrease in nutrient digestibility (DM and NDF) as 
observed in this study (data not shown) or ruminal 
function and passage rate [19].

In the 1st week of treatment, daily WI was not 
affected by high salinity in the water, whereas daily 
WI tended to increase in the 2nd week of the study. 
Thus, this indicated that saline water affected water 
consumption in Boer male crossbred goats in this 
study. In this regard, many studies found that WI 
increased as the salinity level increased. According to 
Mohammed [20], goats that drank water with 1.5% 

Figure-2: Effects of high salinity in drinking water on daily 
water intake (g/kg body weight). D1-7: Pre-treatment from 
day 1 to day 7; D8-21: Treatment period from day 8 to day 
21. *The effect of salinity in drinking water (p<0.05).

Figure-3: Effects of high salinity in drinking water on ratio 
of DMI per WI. D1-7: Pre-treatment from day 1 to day 7; 
D8-21: Treatment period from day 8 to day 21. *The effect 
of salinity in drinking water (p<0.05).

Figure-4: Effects of high salinity in drinking water on daily 
urine volume (g/kg body weight/day). D8-21: Treatment 
period from day 8 to day 21. *The effect of salinity in 
drinking water (p<0.05).
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NaCl demonstrated an increased WI compared with 
those drinking freshwater. Similarly, Yousfi and Salem 

[18] reported a higher WI in sheep offered saline water 
with 11 g and 15 g of NaCl.

On the other hand, some studies found that WI 
was greater at low levels of salinity; however, when the 
saline level increased up to 2%, the water consumption 
decreased [21]. These results indicate that at low lev-
els of saline, animals consume more water; conversely, 
when given high salinity water, animals decrease WI 
to avoid salt stress from the saline water [22]. From 
a behavioral point of view, the majority of drinking 
bouts are associated with eating, and the amount of 
WI is positively correlated with the quantity of food 
ingested [23]. However, the data from the present 
study revealed that animals drinking water with high 
salinity tended to have increased WI but maintained 
or decreased DMI as a result of a lower ratio of DMI 
per WI (Figure-4). Thus, this suggested the effect of 
salinity on drinking behavior. Interestingly, this behav-
ioral change occurred later than the adaptation of the 
kidneys handling electrolyte load due to the intake of 
water high in salinity (see below).

Furthermore, the results of this study show that 
saline water did not affect BW throughout the exper-
iment or weight gain during the 1st week post-treat-
ment. However, weight gain observed in the goats 
drinking highly saline water tended to decrease com-
pared to those drinking freshwater in the 2nd week 
post-treatment (p=0.056, Table-4). The lower weight 
gain in the high salinity group may be due to the 
lower DMI. Similar results were reported by Mdletshe 
et al. [17] who found that the weight gain in goats 
significantly decreased as the salinity levels increased 
due to the decrease in feed intake. However, a previ-
ous study observed that there was no effect on BW 
in sheep drinking water with 1% NaCl; conversely, a 
decrease in the BW of some animals receiving 1.5% 
NaCl in water was detected, and 2% NaCl resulted in 
decreased BW for all of the sheep [18].

On another note, plasma electrolytes were simi-
lar between the groups throughout the experiment and 
were within the normal ranges for healthy goats, as 
mentioned by Zoidis and Hadjigeorgiou [5] and Runa 
et al. [4]. Similarly, Nguyen et al. [9,10] found that 
dairy goats fed high levels of Na+ and K+ in their diet 
exhibited unchanged plasma concentrations of Na+ and 
K+. In this sense, the present study demonstrates that 

Table-5: Effects of high salinity in drinking water on 
plasma electrolytes and creatinine.

Items Day Treatment p-value

SW0 SW1.5

Na+ 
(mmol/L)

D6 142.80±0.76 143.20±0.41 0.66

D14 142.63±0.67 142.83±0.31 0.79
D21 142.53±0.33 143.15±0.70 0.45

K+ 
(mmol/L)

D6 5.38±0.63 5.34±0.27 0.96

D14 5.15±0.33 5.65±0.20 0.24
D21 5.01±0.35 5.35±0.14 0.41

Cl- 
(mmol/L)

D6 99.43±0.88 100.60±0.79 0.36

D14 101.33±0.62 101.53±0.43 0.80
D21 99.73±0.55 100.25±0.34 0.45

Creatinine 
(µmol/L)

D6 70.50±4.6 73.50±6.7 0.72

D14 79.25±2.8 82.50±4.1 0.54
D21 77.50±2.8 83.00±6.5 0.47

Treatment: SW0=Freshwater containing 0.127‰ TDS; 
SW1.5=High salinity water containing 15‰ TDS. 
D6=Pre-treatment period on day 6 of experiment; 
D14=Treatment period on day 14 of experiment; 
D21=Treatment period on day 21 of experiment. 
Na+=Sodium; K+=Potassium; Cl-=Chloride, SW=Seawater, 
TDS=Total Dissolved Solids

Table-4: Effects of high salinity in drinking water on body weight and weight gain.

Items Period Treatment p-value

SW0 SW1.5

Body weight Initial 22.54±0.26 22.86±0.57 0.62
(kg/head) Wk1 23.36±0.44 23.68±0.65 0.69

Wk2 24.16±0.37 24.08±0.74 0.93
Average 23.76±0.40 23.88±0.69 0.88

Weight gain Wk1 117.14±41.50 117.14±19.38 1.00
(g/head/day) Wk2 114.29±15.65 57.14±20.20 0.0656

Average 115.71±15.71 87.14±14.71 0.22

Treatment=SW0=Freshwater containing 0.127‰ TDS; SW1.5=High salinity water containing 15‰ TDS, SW=Seawater, 
TDS=Total Dissolved Solids

Table-6: Effects of high salinity in drinking water on 
urinary electrolyte concentrations.

Items Day Treatment p-value

SW0 SW1.5

Na+ (mmol/L) D6 21.18±1.0 23.10±0.89 0.21
D14 22.40±0.86 134.30±3.5 0.001
D21 24.58±1.1 108.60±12 0.001

K+ (mmol/L) D6 137.60±13 134.50±11 0.86
D14 142.40±12 135.40±14 0.72
D21 159.90±14 145.80±16 0.52

Cl- (mmol/L) D6 181.60±21 194.90±25 0.70
D14 189.80±16 286.30±29 0.03
D21 192.10±22 247.50±10 0.06

Treatment: SW0=Freshwater containing 0.127‰ 
TDS; SW1.5=high salinity water containing 15‰ TDS. 
D6=Pre-treatment period on day 6 of experiment; 
D14=Treatment period on day 14 of experiment; 
D21=Treatment period on day 21 of experiment. 
Na+=Sodium; K+=Potassium; Cl-=Chloride, SW=Seawater, 
TDS=Total Dissolved Solids
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saline water has very high Na+ and Cl- concentrations 
compared with freshwater (Table-1). However, goats 
from the SW1.5 group were still in the reference range 
and maintained constant plasma Na+ and Cl- concentra-
tions. The animals’ ability to tolerate various degrees 
of salt loads in drinking water may be related to kid-
ney function [6]. Potter [7] suggested that sheep drink-
ing water containing 1.3% NaCl appear to develop 
an adaptation for salt tolerance without any negative 
effects. This ability of sheep came from a renal adjust-
ment that increased filtration and eliminated salt [6].

In the present experiment, UV and the excretion 
of Na+ and Cl- measured in the SW1.5 group were 
greater than those in the SW0 group on day 14. It is 
noteworthy that these effects were more pronounced 
than those of drinking and eating behaviors. Thus, 
the results suggested that goats drinking saline water 
controlled the salt load by either excreting more UV 
and increasing the filtration rate or excreting more 
Na+ and Cl- contents through urine (Tables-6 and 7). 
In addition, the chronological phenomenon also sug-
gested the coupling of kidney function and behav-
iors. Furthermore, in this study, plasma and urinary 
K+ concentrations were not significantly affected by 
high salinity in drinking water. However, an increase 
in K+ excretion through urine was detected on day 
14 but not on day 6 or day 21. This difference was 
mainly affected by the difference in UV on that day. 
Moreover, the study found that plasma K+ content was 
not affected by increasing NaCl levels in drinking 
water, while urinary K+ concentration increased with 
high NaCl in drinking water [5]. However, increases 
in plasma K+ concentration were found in goats [24] 
and sheep [6] when given saline water.

On another note, creatinine is a byproduct of mus-
cle metabolism and is excreted by glomerular filtration. 

Thus, creatinine can be used as an indicator of renal 
function. In this study, the creatinine concentration in 
plasma remained unchanged between the groups and 
was at the reference level [23], indicating no adverse 
effects on kidney function due to goats consuming 
highly saline water. This result is similar to that reported 
by Runa et al. [24] when goats drank water with high 
salinity without an effect on plasma creatinine, whereas 
Zoidis and Hadjigeorgiou [5] reported that plasma cre-
atinine levels increased with the high salinity in the 
water.
Conclusion

Although this study has specific limitations, 
such as the limited number of animals , the results 
demonstrate that salinity influences drinking and 
eating behavior in goats under tropical countries. 
Furthermore, the kidneys’ responses to saline water 
were faster than behavioral responses such as drink-
ing and eating behaviors. This adaptive mechanism in 
growing crossbred goats drinking saline water is acti-
vated by regulating water and salt balance by reducing 
the reabsorption of Na+ and Cl- in the renal tubules and 
increasing excretion through urine. In addition, goats 
that drank highly saline water tended to experience 
decreased weight gain; however, they consumed more 
water than the control group. Therefore, this study 
concluded that crossbred male goats can tolerate 1.5% 
saline water from diluted SW for 2 weeks. However, 
more detailed experiments are required to determine 
the goats’ ability to respond to different levels of salin-
ity in drinking water for a longer period.
Authors’ Contributions

NT, NVH, NTN, and ST: Contributed to the 
conception and designed the study. NT, NVH, and 
NTN: Contributed reagents/materials/analysis tools. 
NT: Performed the animal experiments. NT and ST: 
Analyzed the data and performed the statistics. NT 
and ST: Wrote and revised the manuscript. All authors 
contributed to the final version of the manuscript and 
read and approved the final manuscript.
Acknowledgments

This study was funded by the Ministry of 
Education and Training, Vietnam under grant number 
B2020-TCT-08.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. McGregor, B.A. (2004) Water Quality and Provision for 

Goats. In: A Report for the Rural Industries Research and 

Table-7: Effects of high salinity in drinking water on 
urinary electrolyte excretion.

Items Day Treatment p-value

SW0 SW1.5

Uex Na+ (mmol/
head/day)

D6 27.32±3.6 23.69±3.8 0.51

D14 24.33±4.7 248.90±15 0.001
D21 27.70±7.1 152.70±38 0.02

Uex K+ (mmol/
head/day)

D6 172.80±13 137.10±21 0.21

D14 152.60±26 249.70±25 0.03
D21 168.20±22 194.10±22 0.44

Uex Cl- (mmol/
head/day)

D6 225.60±14 190.30±21 0.21

D14 200.50±29 526.60±45 0.001
D21 197.30±17 335.90±46 0.03

Treatment: SW0=Freshwater containing 0.127‰ 
TDS; SW1.5=High salinity water containing 15‰ 
TDS. D6=Pre-treatment period at day 6 of experiment; 
D14=Treatment period at day 14 of experiment; 
D21=Treatment period at day 21 of experiment. 
Na+=Sodium; K+=Potassium; Cl-=Chloride, Uex=Urinary 
electrolyte excretion, SW=Seawater, TDS=Total Dissolved 
Solids



Veterinary World, EISSN: 2231-0916 840

Available at www.veterinaryworld.org/Vol.15/April-2022/3.pdf

Development Corporation. RIRDC Publication No. 04/036.
2. Nassar, A.M. and Mousa, S.N. (1981) Observations on 

Behavioral Response of Sheep to Water Salinity. Ain Shams 
University, Cairo, Egypt.

3. Nguyen, N.T. (2021) Evaluation of salt tolerance threshold 
of Bach Thao goats when drinking diluted seawater. Anim. 
Sci. J., (submitted).

4. Runa, R.A., Brinkmann, L., Gerken, M. and Riek, A. (2019) 
Capacity of Boer goats to saline drinking water. Animal, 
13(10): 2268-2276.

5. Zoidis, E. and Hadjigeorgiou, I. (2018) Effects of drink-
ing saline water on food and water intake, blood and urine 
electrolytes and biochemical and haematological parame-
ters in goats: A preliminary study. Anim. Prod. Sci., 58(10): 
1822-1828.

6. Potter, B.J. (1963) The effect of saline water on kidney 
tubular function and electrolyte excretion in sheep. Aust. J. 
Agric. Res., 14(4): 518-528.

7. Potter, B.J. (1968) The influence of previous salt ingestion 
on the renal function of sheep subjected to intravenous 
hypertonic saline. J. Physiol., 194(2): 435-455.

8. Abou Hussien, E.R.M., Gihad, E.A., El-Dedawy, T.M. and 
Abdel Gawad, M.H. (1994) Reaction of camels, sheep and 
goats with salt water. and Metabolism of water and miner-
als. Egypt. J. Anim. Prod., 31(Suppl): 387-401.

9. Nguyen, T., Chaiyabutr, N., Chanpongsang, S. and 
Thammacharoen, S. (2018) Dietary cation and anion dif-
ference: Effects on milk production and body fluid distri-
bution in lactating dairy goats under tropical conditions. 
Anim. Sci. J., 89(1): 105-113.

10. Nguyen, T., Chanpongsang, S., Chaiyabutr, N. and 
Thammacharoen S. (2019) The effect of dietary ions difference 
on drinking and eating patterns in dairy goats under high ambi-
ent temperature. Asian Aust. J. Anim. Sci., 32(4): 599-606.

11. National Research Council (NRC). (1981) Nutrient 
Requirements of Goats: Angora, Dairy, and Meat Goats in 
Temperate and Tropical Countries. Nutrient Requirements 
of Goats.

12. Thammacharoen, S., Chanpongsang, S., Chaiyabutr, N., 
Teedee, S., Pornprapai, A., Insam-ang, A., Srisa-ard, C. and 
Channacoop, N. (2020) An analysis of herd-based lacta-
tion curve reveals the seasonal effect from dairy cows fed 
under high ambient temperature. Thai J. Vet. Med., 50(2): 
169-178.

13. Association of Official Analytical Chemists. (1990) 

Official Method of Analysis. 15th ed. Association of Official 
Agricultural Chemists, Inc., Virginia.

14. Van Soest, P.J., Robertson, J.B. and Lewis, B.A. (1991) 
Methods for dietary fiber neutral detergent fiber and non-
starch polysaccharides in relation to animal nutrition. J. 
Dairy. Sci., 74(10): 3583-3597.

15. Tsukahara, Y., Puchala, R., Sahlu, T. and Goetch, A.L. 
(2016) Effects of level of brackish water on feed intake, 
digestion, heat energy, and blood constituents of grow-
ing Boer and Spanish goat wethers. J. Anim. Sci., 94(9): 
3864-3874.

16. Moura, J.H.A., de Araujo, G.G.L., Saraiv, E.P., de 
Albuquerque Ich, R.R., Turco, S.H.N., Costa, S.A.P. and 
Santo, N.M. (2016) Ingestive behavior of crossbred Santa 
Inês sheep fed water with different salinity levels. Semin. 
Ciênc. Agrárias, 37(2): 1057-1068.

17. Mdletshe, Z.M., Chimonyo, M., Marufu, M.C. and 
Nsahlai, I.V. (2017) Effects of saline water consumption on 
physiological responses in Nguni goats. Small. Rumin. Res., 
153: 209-211.

18. Yousfi, I. and Ben Salem, H. (2017) Effect of Increasing 
Levels of Sodium Chloride in Drinking Water on Intake, 
Digestion and Blood Metabolites in Barbarine Sheep. 
Vol. 90. Annales de LINRAT. p202-214.

19. Peirce, A.W. (1957) Studies on salt tolerance of sheep. I. 
The tolerance of sheep for sodium chloride in the drinking 
water. Aust. J. Agric. Res., 8(6): 711-722.

20. Mohammed, S.A.A. (2008) Effects of Salinity of Drinking 
Water, State of Hydration, Dietary Protein Level and 
Unilateral Nephrectomy on Blood Constituents and Laconic 
Laconic Function in Nubian Goats. University of Khartoum, 
Khartoum, Sudan.

21. Eltayeb, E.E. (2006) Effect of Salinity of Drinking Water 
and Dehydration on Thermo Regulation, Blood and Urine 
Composition in Nubian Goats. University of Khartoum, 
Khartoum, Sudan.

22. Simon, S.A., de Araujo, I.E., Gutierrez, R. and 
Nicolelis, M.A. (2006) The neural mechanisms of gusta-
tion: A distributed processing code. Nat. Rev. Neurosci., 
7(11): 890-901.

23. Rossi, R. and Scharrer, E. (1992) Circadian patterns of drinking 
and eating in pygmy goats. Physiol. Behav., 51(5): 895-897.

24. Runa, R.A., Gerken, M., Riek, A. and Brinkmann, L. (2020) 
Boer goats physiology adaptation to saline drinking water. 
Res. Vet. Sci., 129: 120-128.

********




