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SUMMARY  
 
 The aim of the current study is to examine the potentiality  of betaine supplementation for ameliorating the   
deleterious effects of saline water consumed by growing lambs on performance and physiology indices. A 
Twenty Ossimi lambs, 9 months of age and 31.5 kg average weight were used in five months experimental 
period. Lambs were offered Na CI in drinking water with levels 0 and 15 g/l. Also, they were offered betaine in 
concentrate mixture with levels 0 and 2500 mg/kg concentrate. The two factors completed the set of four groups 
of interaction; control (S0B0), saline water(S1B0), betaine (S0B1) and saline water with betaine(S1B1).Water 
consumption and feed intake were recorded daily. Body weight, rectal temperature and respiratory rate were 
recorded every two weeks. Blood samples were collected monthly and plasma were separated and kept at -24 C˚ 
until later blood biochemistry analysis. The results showed that, saline water increased (P<0.01) water 
consumption. Also, saline water decreased (P<0.01) dry matter consumption, body weight and daily gain. On 
the other hand, saline water significantly (P<0.01) increased the plasma albumin concentration.In contrast, 
betaine significantly (P<0.01) increased the dry matter consumption, body weight and daily gain.In addition, 
betaine increased (P<0.01) morning rectal temperature and increased(P<0.01) plasma albumin concentration. 
On the other hand, betaine decreased (P<0.05) the plasma cholesterol and triglycerides. In conclusion, 
supplemental dietary betaine enhanced growth performance and biochemical assays of lambs drinking fresh or 
saline water and decreased the deleterious effect of drinking saline water by growing lambs. 
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INTRODUCTION  
 

Saline water can be used as an alternative source 
of fresh water for livestock animals. However, the 
poor water quality can influence the water and feed 
consumption, health, and the production state of 
ruminants (NRC, 2007). In addition, Kellems and 
Church (2002) found that salts cause poor 
performance, illness or even death. Furthermore, 
Curran and Robson (2007) summarized the 
symptoms of salt poisoning in ruminants, salts cause 
excessive thirst, abdominal pain, increased urination, 
nasal discharge, lack of appetite,vomiting,diarrhea, 
nervous signs (star gazing, tremors, blindness, 
circling, head pressing, wobbly in the legs, and 
knuckling at the fetlocks, lying down,convulsions, 
and death ).  

Adding betaine supplementation as 
osmoregulator to livestock diets has increased over 
the past twenty years (Feng et al., 2006). Betaine 
was discovered in the juice of sugar beets (Beta 
vulgaris) in the nineteenth century (Craig, 2004). 
Moreover, betaine is known as a methylamine 
compound due to its three chemically reactive methyl 
groups connected to the nitrogen atom of a glycine 
molecule (Yancey et al., 1982). Biologically, Kidd et 
al. (1997) showed that betaine has two main 
functions, as a methyl donor and as an osmolyte. As 

osmolyte. Betaine is necessary for the nervous, 
immune, renal and cardiovascular systems during 
salinity stress. Moreover, Virtanen (1995) showed 
that betaine enhances the animals' growth and 
improves metabolism during its exposure to different 
physiological stresses such as high salinity or 
drought. Due to the few studies on the role of betaine 
in salinity stress conditions, the present study was 
conducted to examine the ability of  betaine to 
overcome the deleterious effects of consuming saline 
water on lambs’ performance and their physiological 
conditions. 

 
MATERIALS AND METHODS 
 
 The present experiment was carried out in the 
sheep farm of Animal Production Department, 
Faculty of Agriculture, South Valley University, 
Qena, Egypt, from March to July, 2016. 
 
Animals, diets and housing: 
 A total of twenty Egyptian Ossimi lambs at nine 
months of age weighing 31.5 kg were assigned to 
four treatments (n=5 each) with 2×2 factorial 
arrangement of treatments in Randomized Complete 
Block Design (RCBD) the initial body  weight used 
as the blocks. Lambs were provided with NaCI in 
drinking water at the levels of 0% and 1.5%. Also, 
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betaine (Danisco Animal Nutrition, Cairo, Egypt) 
was supplemented with levels 0 and 2500 mg/kg 
concentrate mixture. The treatment groups werethe 
control group (S0B0), saline water group (S1B0), 
betaine group (S0B1) and saline water with betaine 
group (S1B1). The experiment lasted for 135 days. 

The basal diet was formulated to meet the 
recommended nutrient requirements of growing 
lambs (NRC, 2007). The daily rations consisted of 

20% wheat straw (Triticum aestivum) as roughage 
and 80% a commercial concentrate mixture (El-
Kawthar Factory, Egypt). Chemical analyses of the 
experimental rations were carried out according to 
AOAC (2012) as shown in (Table 1).  All animals 
received fresh or saline water ad libitum all over the 
experimental period. 
 

 
Table 1.The chemical analysis of concentrate mixture and wheat straw (on dry matter basis) 
Sample CP % EE % CF % Ash % 
Concentrate 17 3.15 13 9.7 
Wheat straw 3.26 1.42 36.01 13.89 
CP= crude protein, EE = ether extract, CF = crude fiber.  
 

Animals were housed in opened shaded grouped 
pens. The animals were kept under the same 
managerial conditions. The pens space was 72 m2 
(12×6), surrounded by a 1.5 m height concrete wall, 
and covered by a roof of metal sheet at 4 m height. 
Ambient temperature and relative humidity were 
recorded daily during the experimental period inside 
each pen at 8:00 am and 2:00 pm using a digital 
thermometer.  

 
Performance measurements: 

The daily water consumption of each pen was 
measured using graduated cylinders. In addition, feed 
intake was recorded daily. Also, lambs were weighed 
at the beginning of the experiment and then weighed 
over two weeks through the experimental period. The 
lambs were fasted for 12 hours before weighing using 
a digital scale.  In addition, daily gain was obtained 
over a two-week period. Both body weight and daily 
gain were analyzed as repeated measures. 

 
Blood plasma constituents: 

Blood samples were collected monthly at 8:00 am 
after overnight fasting. The blood samples were 
drawn from the jugular vein using 10 ml plastic 
disposable syringes. Thereafter, blood samples were 
transferred in a heparinized tube, centrifuged at 2500 
rpm for 20 minutes, plasma was collected and stored 
at - 20 ̊C until subsequent analysis. After blood 
plasma recovery, metabolites were determined using 
a spectrophotometer. Plasma concentrations of total 
protein, albumin, cholesterol, triglycerides and 
glucose were measured using local commercial 
colorimetric assay kits (Spectrum Diagnostics, 
Egypt).Globulin was calculated as the difference 
between total protein and albumin. 

 
Rectal temperature and respiration rate: 

Rectal temperature and respiration rate were 
recorded at 8:00 am and 14:00 pm every two weeks. 
The rectal temperature was measured by a clinical 
digital thermometer (model HKH-6102) inserted into 

the animal rectum for 2 minutes to almost full length. 
While respiration rate was measured by counting the 
flank movements per minute using a stopwatch. 
Statistical analysis: 

The differences among factors levels (saline water 
and betaine) and their interactions were statistically 
analyzed in 2×2 factorial arrangement in RCBD 
design with the model: Yijkl = µ + Si + B j + (SB) ij + 
ϵ k + ϵ ijkl. Where, Yijk is the observation, µ is the 
general mean, Si is the effect of ith level of saline 
water, Bj is the effect of jth level of betaine, (SB)ij is 
the interaction between ith level of saline water and 
jth level of betaine, ϵ k is the effect of kth block, ϵ ijkl 
the error related to individual observation. 
 The data were analyzed using the GLM procedure 
of SAS (SAS Institute, 2013). Differences between 
means were tested using Duncan's multiple-range test 
(Duncan, 1955), P<0.05 was set as the limit of 
significance. Differences between treatments (least 
square means of interactions) were tested using 
pairwise tests of values. The effect of treatments on 
blood parameters and animals’ body weight were 
analyzed using the analysis of variance with time 
(month or week) as repeated measures. 
 
RESULTS 
 
Water consumption: 

The results of water consumption are shown in 
Table (2). Saline water increased (P<0.01) the water 
consumption throughout the experimental period. 
However, betaine did not affect lambs’ water 
consumption. The interaction showed that both S0B0 
and S0B1 groups had significantly (P<0.01) lower 
water consumption than both S1B0 and S1B1 groups 
through the experimental period. In addition, the 
water consumption of S0B1 group was significantly 
(P<0.05) lower than the S0B0 group only in the 
fourth month. Moreover, the water consumption of 
S1B1 group was 8.35% (P<0.01) and 13.90% 
(P<0.05) higher than the S1B0 group in the third 
month and fifth month, respectively.  
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Table 2. Water consumption (l/day/head) of growing lambs as affected by saline water, betaine, and their 
interaction during the experimental period 

Factors First Month Second 
Month 

Third Month Fourth Month Fifth Month 

P- value of salinity <.0001 <.0001 <.0001 <.0001 <.0001 
Fresh 4.29 b±0.10 5.20 b±0.09 6.70 b±0.12 6.88 b±0.11 6.23 b±0.15 
1.5 % NaCl 7.29 a±0.26 10. 22 a±0.24 12.02 a±0.25 11.51a±0.25 10.39 a±0.36 
P- value betaine 0.6203 0.6028 0.3137 0.3647 0.1332 
0 mg 5.86±0.28 7.78±0.37 9.22±0.36 9.32±0.30 8.03±0.44 
2500 mg 5.72±0.27 7.73±0.39 9.50±0.42 9.07±0.41 8.59±0.55 
Interaction 0.9625 0.6503 0.0061 0.0136 0.0378 
S0B0 4.35 b±0.15 5.32 b±0.13 6.95 c±0.18 7.34 b±0.13 6.34 c±0.22 
S0B1 4.23 b±0.13 5.07 b±0.12 6.46 c±0.17 6.42 c±0.13 6.11 c±0.19 
S1B0 7.36 a±0.38 10.23 a±0.34 11.49 b±0.41 11.29 a±0.30 9.71 b±0.51 
S1B1 7.21 a±0.36 10.21 a±0.34 12.54 a±0.28 11.72 a±0.41 11.06 a±0.43 

a, b and c refer to means within the same column with different superscripts for each factor are significantly different 
(P<0.05), for interaction comparisons pairwise tests of differences (PDIFF) were used. The treatments are fresh water 
without betaine (S0B0), fresh water with betaine (S0B1), saline water without betaine (S1B0) and betaine with saline water 
(S1B1).  
 
Food consumption: 

Concentrate, roughage, and dry matter 
consumption (Kg/day) are shown in Tables (3 to 5). 
The results indicated that saline water consumption 
decreased (P<0.01) the concentrate consumption 
compared with the fresh water group in the later three 
months of the experiment. Moreover, saline water 
consumption decreased (P<0.01) both the roughage 
consumption and dry matter consumption all over the 
experimental period. However, the concentrate 
consumption was not affected by betaine 
supplementation during the experimental period. 
While lambs supplemented with 2500 mg betaine/ kg 
consume lower roughage (P<0.05) than those un-
supplemented with  betaine during the first month of 
the experiment. In contrast, betaine increased the 
roughage consumption during following months. The 
differences were significant (P<0.01) only during 
both the second and third months.  Likewise, betaine 
increased the dry matter consumption (P<0.01) 
during second month by 3.44% compared with 0% 
betaine group.  

The results of the four groups of interaction 
showed that the S0B0 group and S0B1 groups had 
higher (P< 0.01) concentrate and roughage intake 
than the other two groups (S1B0 and S1B1).In 
addition, during the first month, the roughage 
consumption of S1B0 group was significantly 
(P<0.01) higher than the S1B1 group. However, 
during the second and third month, the roughage 
consumption of S1B1 group was 47.61% and 21.42% 
higher than the S1B0 group, respectively. Moreover, 
in the first month, both S0B0 and S0B1 groups had 
significantly (P<0.01) higher dry matter consumption 
than S1B1 group, but only S0B0 group had 
significantly (P<0.05) higher dry matter consumption 
than S1B0 group. In the following months, both 
S0B0 and S0B1 groups had significantly (P<0.01) 
higher dry matter consumption than S1B0 and S1B1 
groups. During the second and third months, the dry 
matter consumption of S1B1 group was 8.33% and 
7.27% higher than the S1B0 group, respectively. 
 
 

 
Table 3. Concentrate consumption (Kg/day/head) of growing lambs as affected by saline water, betaine, 
and their interaction during the experimental period 

Factors First Month Second Month Third Month Fourth Month Fifth Month 
P- value of salinity 0.6557 0.6341 <.0001 <.0001 0.0003 
 Fresh 0.90± 0.01 0.96±0.01 1.00 a±0.00 1.00 a±0.00 1.00 a±0.00 
1.5 % NaCl 0.89±0.01 0.96±0.01 0.93 b±0.02 0.83 b±0.02 0.86 b±0.03 
P- value of betaine 0.8724 0.6871 0.4233 0.8176 0.8283 
0 mg 0.89±0.01 0.96±0.01 0.96±0.01 0.91±0.02 0.93±0.03 
2500 mg 0.89±0.01 0.96±0.01 0.97±0.01 0.92±0.02 0.94±0.03 
Interaction 0.8724 0.6871 0.0233 0.0176 0.0283 
S0B0 0.90±0.02 0.96±0.01 1.00 a±0.00 1.00 a±0.00 1.00 a±0.00 
S0B1 0.90±0.02 0.96±0.01 1.00 a±0.00 1.00 a±0.00 1.00 a±0.00 
S1B0 0.89±0.02 0.96±0.01 0.92 b±0.02 0.83 b±0.03 0.86 b±0.05 
S1B1 0.89±0.02 0.96±0.01 0.94 b±0.02 0.84 b±0.03 0.87 b±0.05 

a, b and c refer to means within the same column with different superscripts for each factor are significantly different 
(P<0.05), for interaction comparisons pairwise tests of differences (PDIFF) were used. The treatments are fresh water 
without betaine (S0B0), fresh water with betaine (S0B1), saline water without betaine (S1B0) and betaine with saline water 
(S1B1).  
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Table 4. Roughage consumption (Kg/day/head) of growing lambs as affected by saline water, betaine, and 
their interaction during the experimental period 

Factors First Month Second Month Third Month Fourth Month Fifth Month 
P-value of salinity <.0001 <.0001 <.0001 <.0001 <.0001 
Fresh 0.28 a±0.01 0.37 a±0.00 0.39 a±0.00 0.45 a±0.01 0.50 a±0.01 
1.5 % NaCl 0.20 b±0.01 0.26 b±0.01 0.31 b±0.01 0.27 b±0.01 0.26 b±0.02 
P- value of betaine 0.0138 0.0002 0.0058 0.2618 0.2773 
0 mg 0.26 a±0.01 0.29 b±0.01 0.34 b±0.01 0.35±0.02 0.37±0.03 
2500 mg 0.23 b±0.01 0.33 a±0.01 0.37 a±0.01 0.37±0.01 0.40±0.03 
Interaction 0.0543 <.0001 0.0018 0.3494 0.5252 
S0B0 0.29 a±0.01 0.38 a±0.01 0.40 a±0.00 0.45 a±0.01 0.50 a±0.01 
S0B1 0.28 a±0.01 0.36 a±0.01 0.39 a±0.00 0.45 a±0.01 0.51 a±0.02 
S1B0 0.23 b±0.01 0.21 c±0.02 0.28 c±0.02 0.25 b± 0.01 0.24 b±0.03 
S1B1 0.17 c± 0.01 0.31 b±0.01 0.34 b±0.01 0.28 b±0.01 0.28 b±0.03 

a, b and c refer to means within the same column with different superscripts for each factor are significantly different (P<0.05), for 
interaction comparisons pairwise tests of differences (PDIFF) were used. The treatments are fresh water without betaine (S0B0), 
fresh water with betaine (S0B1), saline water without betaine (S1B0) and betaine with saline water (S1B1).  
 

Table 5. Dry matter consumption (Kg/day/head) of growing lambs as affected by saline water, betaine, 
and their interaction during the experimental period. 

 
 

First Month Second Month Third Month Fourth Month Fifth Month 

P- value of salinity 0.0002 <.0001 <.0001 <.0001 <.0001 
Fresh 1.09 a±0.01 1.23 a±0.01 1.29 a±0.00 1.34 a±0.01 1.38 a±0.01 
1.5 % NaCl 1.01 b±0.01 1.12 b±0.01 1.14 b±0.02 1.02 b±0.02 1.04 b±0.04 
P- value of betaine 0.215 0.0037 0.0667 0.4718 0.4809 
 0 mg 1.06±0.02 1.16 b±0.01 1.20±0.02 1.17±0.03 1.19±0.05 
2500 mg 1.03±0.02 1.20 a±0.01 1.23±0.02 1.19±0.03 1.23±0.04 
Interaction 0.3488 <.0001 0.0454 0.5293 0.6315 
S0B0 1.09 a±0.02 1.24 a±0.01 1. 29 a±0.00 1.33 a±0.01 1.38 a±0.01 
S0B1 1.08 ab±0.02 1.22 a±0.01 1.28 a±0.00 1.34 a±0.01 1.39 a±0.02 
S1B0 1.03 bc±0.02 1.08 c±0.01 1.10 c±0.03 1.00 b±0.03 1.01 b±0.06 
S1B1 0.98 c±0.02 1.17 b±0.01 1.18 b±0.03 1.04 b±0.04 1.06 b±0.05 

a, b and c refer to means within the same column with different superscripts for each factor are significantly different 
(P<0.05), for interaction comparisons pairwise tests of differences (PDIFF) were used. The treatments are fresh water 
without betaine (S0B0), fresh water with betaine (S0B1), saline water without betaine (S1B0) and betaine with saline water 
(S1B1).  

 

Body weight and daily gain: 
  The body weights and average daily gain of 

lambs are shown in Tables (6) and Figure (1). 
Drinking saline water significantly (P<0.01) 
decreased both final body weight and average daily 
gain by 22.64% and 64.03%, respectively compared 

with the fresh water group. On the other hand, 
betaine supplementation increased the final body 
weight by 12.93% (P<0.05).In addition, betaine 
supplementation increased the average daily gain of 
lambs by 26.36%.  
 

 

Table 6. Body weight (Kg) and daily gain of growing lambs as affected by saline water, betaine, and their 
interaction during the experimental period. 

Factors Initial weight  Final body weight (Kg) Average daily gain 

P- value of salinity 0.6269 0.0009 0.0004 
Fresh 31.66±1.28 44.83 a±2.20 102.73 a±10.46 

1.5 % NaCl 31.51±0.96 34.68 b±1.07 36.95 b±10.85 
P- value of betaine 0.6549 0.0399 0.1765 

0 mg 31.54±1.22 37.34 b±1.82 60.89±14.96 
2500 mg 31.62±0.96 42.17 a±3.26 76.12±15.70 

Interaction 0.509545 0.071078 0.8891 
S0B0 31.44±2.15 41.25 b±0.18 94.34  a±12.24 
S0B1 31.93±1.43 48.40 a±3.37 113.23 a±18.46 
S1B0 31.64±1.45 33.43 c±1.10 27.45 b±17.26 
S1B1 31.38±1.43 35.93 bc±1.71 46.44 b±13.68 

a, b and c refer to means within the same column with different superscripts for each factor are significantly different 
(P<0.05), for interaction comparisons pairwise tests of differences (PDIFF) were used. The treatments are fresh water 
without betaine (S0B0), fresh water with betaine (S0B1), saline water without betaine (S1B0) and betaine with saline water 
(S1B1).  
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Figure 1A 

Figure 1B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1C 
Figure 1. Body weight (Kg) of growing lambs as affected by saline water (A), betaine (B), and their 
interaction (C) during the experimental period. The treatments are fresh water without betaine (S0B0), 
fresh water with betaine (S0B1), saline water without betaine (S1B0) and betaine with saline water (S1B1) 
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The interaction showed that the final body weight 

of S0B1 group was significantly higher than the other 
groups. In addition, the final body weight of S1B0 
group was significantly (P<0.05) lower than the 
S0B0 group. However, no significant differences 
were observed between S0B0 and S1B1 groups. In 
addition, both S0B0 and S0B1 groups had higher 
(P<0.01) average daily gain than both S1B0 and 
S1B1 groups. The average daily gain of S1B1 group 
was slightly higher than the S1B0 group. Similarly, 
the average daily gain of the S0B1 group was slightly 
higher than S0B0 group. 

 
Respiration rate and rectal temperature: 

The results of the respiration rate and rectal 
temperature are shown in Table (7).  Saline water 
consumption and betaine supplementation did not 

affect the respiration rate of lambs. On the other 
hand, betaine supplementation significantly (P<0.01) 
increased the rectal temperature only in the morning, 
but saline water consumption had no effect on rectal 
temperature. The interaction showed that at morning 
the S0B1 group had higher (P<0.05) respiration rate 
than the S1B0 group.  However, the other two groups 
had intermediate values. At morning, the rectal 
temperature of S0B1 group was higher (P<0.01) than 
the S0B0 group and the S1B0 group. In 
addition,S1B1 group had intermediate value. At 
evening, the rectal temperature of the S1B1 group 
was lower (P<0.05) than the S0B1 group (P<0.01) 
and S1B0 group. while, the S0B0 group had 
intermediate value.  
 

 
Table 7. Respiration rate and rectal temperature of growing lambs as affected by saline water, betaine, 
and their interaction during the experimental period 

Factors 
Respiration rate Rectal temperature 

AM PM AM PM 

P- value of salinity 0.2479 0.2279 0.2905 0.1101 
Fresh 49.11±1.32 62.94±1.97 39.12±0.07 39.57±0.05 
1.5 % NaCl 46.24±2.11 59.03±2.53 39.02±0.07 39.46±0.05 
P- value of betaine 0.0766 0.7110 0.0002 0.5560 
0 mg 45.47±1.83 60.39±2.22 38.90 b±0.08  39.54±0.06 
2500 mg 49.89±1.65 61.59±2.34 39.25 a±0.05  39.50±0.05 
Interaction 0.1625 0.0135 0.9586 0.8877 
S0B0 46.97 ab±1.97  62.11±2.64 38.88 b±0.12  39.51 ab±0.07  
S0B1 51.26 a±1.70  63.77±2.97 39.36 a±0.06  39.64 a±0.06  
S1B0 43.97 b±3.10  58.66±3.59 38.91 b±0.11 39.57 a±0.09 
S1B1 48.51 ab±2.84  59.40±3.62 39.13 ab±0.07  39.35 b±0.06  
a and b refer to means within the same column with different superscripts for each factor are significantly different (P<0.05), 
for interaction comparisons pairwise tests of differences (PDIFF) were used. The treatments are fresh water without betaine 
(S0B0), fresh water with betaine (S0B1), saline water without betaine (S1B0) and betaine with saline water (S1B1).  
 
Plasma constituents: 

Plasma parameters are shown in Table (8). 
Offering saline water didn't affect the plasma total 
protein, globulin, cholesterol, triglycerides and 
glucose. However, saline water significantly (P<0.01) 
increased the plasma albumin concentration. 
Moreover, betaine supplementation did not affect the 
plasma total protein, globulin and glucose. However, 
betaine significantly (P<0.01) increased the plasma 
albumin concentration. On the other hand, betaine 
significantly (P<0.05) decreased the plasma 
cholesterol and triglycerides concentrations 
compared with 0 mg betaine group. 

The differences among the four groups of 
interaction showed that, the plasma albumin 
concentration of S1B1 group was significantly 
(P<0.01) higher than the other three groups (S0B0, 

S0B1, and S1B0). The plasma globulin concentration 
of S1B1 group was significantly (P<0.05) lower than 
both S0B1 and S1B0 groups, the S0B0 had 
intermediate value. Moreover, the plasma cholesterol 
concentrations of the S1B1 group were significantly 
(P<0.01) lower than both S0B1 and S1B0 groups. In 
addition, the S0B0 group had significantly (P<0.05) 
lower cholesterol concentrations than S1B0 group. In 
addition, the plasma triglycerides concentrations of 
the S1B1 group were significantly (P<0.05) lower 
than the S0B0 group, while the other two groups had 
intermediate values. In addition, the plasma glucose 
of S0B1 group were significantly higher than S0B0 
group (P<0.01) and S1B1 (P<0.05), the S1B0 group 
had intermediate value.  
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Table 8. Plasma parameters of growing lambs as affected by saline water, betaine, and their interaction. 

Factors 
Total 

protein 
Albumin Globulin Cholesterol Triglycerides Glucose 

P- value of salinity 0.2269 0.0014 0.1598 0.4747 0.4832 0.5274 

Fresh 6.03±0.05 3.84 
b

±0.04 2.18±0.06 205.21±2.56 178.74±1.22 79.18±1.30 

1.5 % NaCl 6.08±0.05 4.01 
a

±0.05 2.07±0.06 202.68±2.65 174.82±1.79 78.64±1.27 

P- value of betaine 0.1647 0.0036 0.2886 0.0475 0.0235 0.0515 

0 mg 6.02±0.05 3.85 
b

±0.04 2.17±0.07 206.51 
a

±2.62 182.67 
a

±2.10 78.10±1.26 

2500 mg 6.10±0.04 4.01 
a

±0.04 2.08±0.05 201.62 
b

±2.55 171.38 b±1.92 79.70±1.28 

Interaction 0.7252 0.0224 0.0593 <.0001 0.7995 0.0316 

S0B0 5.98±0.07 3.84 
b

±0.06 2.14
ab

±0.09 202.26 
bc

±3.00 182.97 a±2.76 77.18 
b

±1.79 

S0B1 6.07±0.06 3.87 
b

±0.07 2.20 
a

±0.07 207.59 
ab

±4.01 173.99 
ab

±3.34 80.99 a±1.84 

S1B0 6.06±0.08 3.89 
b

±0.07 2.18 
a

±0.09 210.59 
a

±4.13 181.01 
ab

±2.99 78.60
ab

±1.85 

S1B1 6.12±0.06 4.16 
a

±0.05 1.96 
b

±0.07 195.95 c±2.84 169.80 
b

±1.84 78.40 
b

±1.77 
a, b  and c means within the same column with different superscripts for each factor are significantly different (P<0.05) of all pairwise tests 
of treatment differences for interaction (PDIFF).The treatments are fresh water without betaine (S0B0), fresh water with betaine (S0B1), 
saline water without betaine (S1B0) and saline water with betaine (S1B1). 

 
DISCUSSION 

 
The detrimental effects of consuming saline water 

had been showed by The Agricultural Research 
Council (1980). Those detrimental effects are the low 
appetite, poor performance and the damaged animal's 
kidneys. In the present study, lambs consuming 
saline water had lower performance (low feed 
consumption, body weight and daily gain) and 
dramatically increased water consumption. Our 
results are similar to those found by Yousfi et al. 
(2016) and Yousfi and Salem (2017). 

The increased water consumption associated with 
offering saline water may be due to helping the 
kidney to remove excess salts (Kii and Dryden, 
2005). Potter (1961) concluded that removing excess 
salts happens through increasing of glomerular 
filtration rate. Another reason was given by Goldstein 
and Skadhauge (2000). They suggested that the saline 
water decreases the secretion of renin and increases 
angiotensin II which leads to increase of water 
consumption.  

In the current study consuming saline water 
decreased feed intake. This result was analogous to 
those of Yousfi and Salem (2017). The low feed 
intake associated with consuming saline water could 
be explained by the negative effect of saline water on 
ruminal fluids osmolality. When animals consume 
saline water electrolytes concentrations such as 
sodium and chlorides will increase in the rumen. 
Subsequently, ruminal osmotic will increase (Phillip 
et al., 1981). High rumen osmotic pressure causes 
gastric distension which in turn decreases feed intake 
(Gregory et al., 1987).  

In addition, consuming saline water significantly 
(P<0.01) decreased the final body weight and the 
average daily gain. These results are comparable to 
the study of Mdletshe et al. (2017) who found that 
goats average daily gain declined (P<0.05) with 
consuming saline water. The lower average daily 
gain of saline water consuming animals could be 
explained by lower feed intake and higher water 

consumption (Alves et al., 2017). In addition, 
drinking saline water increases urination to remove 
excess salts, which in turn make the animals face 
digestive and metabolic disorders, which in turn 
could decrease the body weight of animals (Masters 
et al., 2007). 

On the other hand, the current study showed that 
betaine did not affect water consumption when lambs 
drinking fresh or saline water. In contrast, our results 
showed improvement of roughage and dry matter 
intake in the S1B1 group compared with the S1B0 
group which was mainly due to betaine 
supplementation. The effect of betaine on feed 
consumption may be due to the roles of betaine as an 
osmolyte. As an osmolyte, betaine prevents enzymes 
and cell membranes from inactivation by inorganic 
ions (Petronini et al., 1992).  

Moreover, betaine supplementation increased the 
final body weight by 12.93% and the average daily 
gain by 26.36%. Similar results were observed in 
finishing pigs by Huang et al. (2009). The high body 
weight and average daily gain of dietary betaine 
supplementation might be due to the increase of feed 
intake of betaine group and the improvement of 
nutrients digestibility (Eklund et al., 2005). 
Moreover, Esteve-Garcia and Mack (2000) showed 
that betaine could increase the body weight by 
increasing the water retention of the muscle's tissues. 

Moreover, betaine could increase body weight 
and daily gain during saline water consumption via 
increasing nutrients absorption. Betaine reduces the 
energy required for ion pumping and osmoregulation 
in intestine. The saved energy increases intestinal cell 
proliferation which leads to more gut surface for 
nutrient absorption (Siljander-Rasi et al. 2003).  

Saline water did not affect the respiration rate and 
rectal temperature of lambs. Similarly, Mdletshe et 
al. (2017) found that saline water did not affect the 
respiration rate in goats. In addition, Badawy (1999) 
found that offering saline water (1.5% TDS) did not 
affect the rectal temperature in Saidi rams.  
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In addition, dietary betaine supplementation did 
not affect the respiration rate. On the other hand, 
betaine significantly (P<0.01) increased the rectal 
temperature only in the morning. Similarly, Hall 
(2014) showed that betaine (57 mg/kg of body 
weight) increased (P<0.01) the rectal temperature in 
Holstein cows subjected to thermal stress. The author 
explained the higher rectal temperature associated 
with betaine supplementation that betaine increases 
rumen activity. As a result, more fermentation heat is 
produced. Consequently, the core body temperature 
increases  (Conrad, 1985). 

Biochemically, saline water significantly 
(P<0.01) increased the plasma albumin 
concentration. Similarly, Badawy (1999) showed that 
offering saline water (1.5% TDS) significantly 
(P<0.01) increased the serum albumin concentrations 
in Saidi sheep. The increase of plasma albumin might 
be related to high level of Sodium ions. Na ions have 
an important role in the absorption of amino acids 
from the gut. Subsequently, the utilization of high 
level of amino acids increases and enhances the 
formation of plasma proteins (Ganong, 2003). In 
addition, betaine significantly (P<0.01) increased the 
plasma albumin concentration.  The higher plasma 
albumin concentrations might had resulted in the 
higher feed intake of lambs fed dietary betaine.  

However, betaine significantly (P<0.05) 
decreased the plasma cholesterol and triglycerides 
concentrations. Similarly, Fernandez et al. (2009) 
showed that betaine at 4 g/kg of diet significantly 
(P<0.05) decreased serum concentrations of 
triglycerides in dairy goats. In addition, blood 
cholesterol concentrations were decreased by dietary 
betaine supplementation in pigs (Yang et al., 2009).  

 
CONCLUSION 

 
The current study showed two important findings, 

first betaine may reduce the deleterious effects of 
drinking saline or high TDS water by growing lambs, 
second, betaine can be use as supplement to improve 
growing lambs’ performance and growth. 
Consequently, the present study strongly 
recommends to used betaine supplement for growing 
lambs specially for those are rearing in areas 
depending on groundwater with high NaCl content. 
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لشرب للماء المالح على الأداء والقیاسات الفسیولوجیھ في الحملان  ضافة البیتایین لتقلیل التاثیرات الضارةإ مكانیةإ
  النامیة

  

  ٢محمود محمد عبدالستار ، ١أحمد محمد عبد الله حسین
  

قسم الانتاج الحیواني، كلیة الزراعة، جامعة جنوب   - ٢، ٧١٥١٥قسم الانتاج الحیواني، كلیة الزراعة، جامعة أسیوط، اسیوط، مصر   -١
  83523مصر  ا،قن ، الوادي

  

اضافة البیتایین من  جامعة جنوب الوادي لدراسة تأتثیر –كلیة الزراعة  - اجریت الدراسة الحالیة في المزرعة البحثیة بقسم الإنتاج الحیواني   
حرارة الجسم عدمھ لعلائق الحملان التي تستھلك المیاه المالحة او المیاه الجاریة على كمیة المیاه المستھلكھ  واداء الحملان ومعدل التنفس ودرجة 

وع الاوسیمي تتراوح أعمارھا عشرون من الحملان النامیة من الن ). حیث استخدم٢×٢ومكونات بلازما دم الحملان النامیة في تجربھ عاملیھ (
جم ملح الطعام/لتر) كما  ١٥شھور. تم استخدام نوعین من الماء اما الماء الجاري او الماء المالح ( ٥كجم لمدة  ٣١.٥تسعة شھور ومتوسط اوزانھا 

لمعاملات كالتالي: المجموعة الضابطھ ملجم /كجم من العلیقھ لتكتمل الاربع مجامیع ل ٢٥٠٠تم اضافة البیتایین للعلائق بمستویین صفر ملجم أو 
(S0B0)  ومجموعة الماء المالح(S1B0) ومجموعة البیایین(S0B1)ومجموعة الماء المالح والبیتایین(S1B1) تم تقدیر كمیة الماء المستھلكة .

وقیاس درجة حرارة  الیومیة كل اسبوعین)حساب معدل الزیادة  –وزن الجسم كل اسبوعین  –یومیا واداء الحملان (كمیة الغذاء المأكول یومیا 
الألبیومین وتم  –المستقیم ومعدل التنفس كل اسبوعین كما تم تجمیع عینات الدم شھریا وفصل البلازما وعمل تحلیل لمكوناتھا (البروتین الكلي 

التي تم الحصول علیھا أن ادت المعاملة بالماء  الجلیسریدات الثلاثیة). ومن أھم النتائج –الكولیسترول  –الجلكوز  –حساب الجلوبیولین بالطرح 
في كمیة الغذاء المأكول ووزن الجسم   (P<0.01)في كمیة الماء المستھلك بینما ادت الى انخفاض معنوي   (P<0.01)المالح الي زیادة معنویھ 

في مستوى الألبیومین في حین لم   (P<0.01)دة معنویھ وكذلك معدل الزیادة الیومیة. وكان تأثیر الماء المالح على مكونات الدم بان أدى الى زیا
 الجسم ووزن الماكولة الجافة المادة كمیة في (P<0.01)تتاثر بقیة مكونات الدم. ومن ناحیة اخرى أدت المعاملة بالبیتایین الى زیادة معنویة 

 في الألبیومین مستوى وزیادة المستقیم حرارة درجة نم كل (P<0.01) لزیادة بالبیتایین المعاملة ایضا أدت كما. الزیادةالیومیة ومعدل
في مستوي الكولیسترول  (P<0.05) معنوي انخفاض الى بالبیتایین الحیوانات معاملة أدت العكس وعلى. النامیة الحملان دم بلازما

ة والجلیسریدات الثلاثیھ. ویمكن اجمال القول بأن استخدام البیتایین ادي الى تحسین اداء الحملان واثر ایجابیا على مكونات الدم في حال
  حملان النامیة.استخدام الماء الجاري او المالح. كما ان استخدام البیتایین ادى الي تقلیل التأثیرات الضارة للماء المالح على ال


