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Introduction
Heat stress is a major challenge to poultry framers in tropical and 

sub-tropical countries, and is anticipated to spread widely owing to 
increasing global climate warming [1]. High ambient temperature 
(AT) acting concurrently with high relative humidity (RH) have 
been shown to cause heat stress [2,3], which has adverse effects on 
the development of immunity [4], resistance to diseases, growth rate 
and production of birds [5,6]. Heat stress causes reduction of feed 
consumption [7], high mortality [8], decreased growth rate and meat 
yield [9,10], and breast protein content of birds. Mujahid et al. [11] 
showed that high production of reactive oxygen species (ROS) occurs 
in broilers exposed to acute heat stress at 34oC for 18 hours. These 
ROS, generated mostly during mitochondrial adenosine triphosphate 
production, exert direct and negative effects on cell growth and 
development [12-14]. Heat stress also has negative impact on the 
physiological parameters and reproductive performance of domestic 
chickens, and measures aimed at ameliorating its negative effects 
may increase livestock production [15,16]. The administration of the 
antioxidant, ascorbic acid (AA) to birds has been shown to reduce 
the negative responses of the body to heat stress [17,18] by increased 
thyroid activity, as measured by 125I uptake, increased oxygen intake 
and maintenance of metabolic rate [19]. Besides AA, an important 
agent that may be used to alleviate adverse effects of heat stress is 
betamint®. It is an oral solution produced by Invesa International, 
Spain, which comprises the following nutrients: betaine (250 g), 
vitamin C (90 g), potassium chloride (2 g), magnesium chloride 
hexahydrated (40 g), calcium chloride dihydrated (40 g) and sodium 
chloride (20 g). It is a mentholated oral solution for use in drinking 
water which relieves the symptoms, including dehydration associated 
with heat stress in poultry. Betaine has been shown to improve 
antioxidant defence and meat quality in broilers. It decreases lipid 
peroxidation in breast muscles, but increases activities of glutathione 
peroxidase, catalase and superoxide oxidase in broiler chickens 
[20]. It has been shown under temperate conditions that betamint 
reduces mortality and productivity, caused by heat stress, due to its 
rehydrating, anti-stress and refreshing properties [21]. However, 
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Abstract
The experiment was performed with the aim of determining fluctuations in cloacal temperature (CT) of Black 

Harco pullets, and effects of betamint® on the fluctuations and some performance indicesof the pullets during the 
hot-dry season. Twenty-five experimental pullets were each administered with betamint orally at a dose of 1 ml/kg 
daily, while 25 other control pullets were given only water for 21 days. The dry-bulb temperature, relative humidity 
inside the pen and CT of each pullet were recorded every two hours (from 06:00 h to 18:00 h) on days 7, 14 and 21. 
CT values in experimental and control pullets (41.63 ± 0.10°C and 41.64 ± 0.13°C, respectively) did not differ, but 
betamint reduced (P<0.05) CT values in the pullets from 12:00 h and 14:00 h. Water consumption in experimental 
(4.26%) pullets was lower than that of the control (23.63%) pullets. An increase in live weight gain (15%) and feed 
consumption (45.91%) was obtained in experimental pullets over that of the control pullets (P < 0.01). In conclusion, 
betamint administration alleviated the risk of adverse effects of heat stress and improved live weight gain in pullets.
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the detail mechanism underlying the action of betamint has not 
been elucidated, especially under tropical conditions. It has been 
established that heat stress in livestock is evaluated by measuring 
the body temperature [22-25], which is often assessed by measuring 
the cloacal temperature (CT) in birds. The CT is also an important 
index of thermal balance in livestock, including poultry [22,23,26]. In 
Nigeria, the Black Harco breed of chicken is popularly raised for its 
ability to produce good-quality eggs. There is paucity of information 
on the modulatory role of betamint on the CT fluctuations of pullets 
during the hot-dry season. 

The aim of the experiment was to evaluate CT responses and 
some indices of performance of Black Harco pullets, administered 
with betamint during the hot-dry season in the Northern Guinea 
Savannah zone of Nigeria. 

Materials and Methods
Experimental site and climatic conditions

The birds were kept in a farm in Zaria (11o10/N; 07o38/E), located 
in the Northern Guinea Savannah zone of Nigeria. The experiment 
was carried out during the hot-dry season, established to occur from 
March to May [26-28], and it lasted three weeks, from April 5 to April 
26.

Experimental animals

Fifty pullets aged 7 weeks, belonging to Black Harco breed and 
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weighing 0.25 kg – 0.43 kg were used for the experiment. They were 
selected randomly from a flock of 400 birds. All the pullets were 
given access to standard chicks’ mash (Vital Feeds, Grand Cereals, 
Jos, Nigeria) ad libitum;and housed in pens with the rest of the flock 
members, but were separated with wooden boards. The pullets were, 
therefore, subjected to the same ambient temperature and relative 
humidity. The pullets were routinely vaccinated against Marek’s 
disease (at day zero of age subcutaneously), infectious bursal disease 
(at days 10 and 24 orally in drinking water) and Newcastle disease [at 
days 3 (intraocular), 21 (orally in drinking water with Lasota strain) 
and 47 (intramuscularly) with Komarov strain, respectively]. They 
were divided into groups I and II, each comprising 25 birds. Group 
I pullets served as experimental birds, while pullets in group II were 
used as control birds. Each bird was identified by directly writing 
numbers on the featherless area under the wings using marker. 
Throughout the experimental period, betamint was administered to 
pullets in the experimental group using gavage, while pullets in the 
control group were given only water.

Experimental measurements

Live weights of all the experimental and control pullets were taken 
on the day of commencement (Day 1) and the last day (Day 21) of the 
experiment, using a top loading scale [29] and a weighing scale (Hana 
Company, Shanghai, China). The birds were identified by numbers 
written with indelible markers on the featherless region under their 
wings. The CT, as an indication of the body temperature, of each bird 
was recorded using a clinical thermometer (Hartmann’s Company 
Plc., U.K.), inserted 2 cm into the cloaca every two hours from 06:00 h 
to 18:00 h on days 7, 14, and 21. The dry-bulb temperature (DBT) and 
wet-bulb temperature measurements were also taken concurrently 
with the CT using a dry-bulb and thermometer (Branman, England), 
respectively, and relative humidity was obtained using Omson’s 
hygrometric table (Narindra Scientific Industries, Haryana, India). 
The temperature–humidity Index (THI) was calculated using the 
equation of Zulovich and DeShazer, [30].

THILayers= 0.6 Tdb + 0.4 Twb

(Where THILayers= Temperature-humidity index for layers,Tdb= 
Dry-bulb temperature, Twb = Wet-bulb temperature).

The experimental pullets were individually administered with 
betamint (Invesa, Bacerlona, Spain) orally using a gavage at the dose 
of 1 ml/kg. The control pullets were individually given equivalent 
water orally, but without any medication. Both the experimental and 
control pullets were given access to feed ad libitum. The procedures 
were carried out daily throughout the experimental period. The 
quantities of feeds and water consumed were measured daily by 
obtaining the differences between the amount given the previous day 
and the amount left in the feeders and drinkers, respectively. 

Statistical analysis

The data obtained are expressed as mean ± standard error of the 
mean (Mean ± SEM). The values were subjected to Student’s t-test 
and Pearson’s correlation analysis, as well as analysis of variance 
(ANOVA), which was used to compare the values obtained every two 
hours. Values of P < 0.05 were considered significant [31].

Results
The DBT was lowest at 06:00 h, while the highest was recorded 

at 16:00 h with the values of 24.33 ± 0.72ºC and 38.33 ± 1.19ºC, 
respectively. The experimental period was characterized by very 
low RH, with lowest and highest mean values fluctuating between 
27.33 ± 4.46 % and 65.67 ± 3.29 %, respectively, and the values were 
recorded at 06:00 h and 14:00 h, respectively. The DBT values in all the 
experimental days were not significantly different and they fluctuated 
between 23 - 41ºC. The THI value was highest (45.59 ± 0.85) at 16:00 
h and the highest DBT (38:33 ± 1.19) was also recorded at 16:00 h 
(Table 1). There was a marked difference in all the daily RH values, 
fluctuating from 19 – 45%. The mean values of daily THI values 
(44.39 ± 0.88, 41.95 ± 1.31, 43.99 ± 0.42 and 43.44 ± 0.76) were not 
significantly different from one another, and the values ranged from 
36.5 to 47.25 (Table 2).

There was no significant difference (P>0.05) between the overall 
mean values of CT obtained in the experimental and control pullets 
on each day of the recordings. However in both experimental and 
control pullets, there was a significant (P < 0.05) difference between 
the CT values recorded on days 7, when compared to that obtained on 
day 21 of betamint administration (Table 3). The overall mean values 

Hour of Day 
(h) 

Dry-bulb 
temperature 

(oC)

Wet-bulb 
temperature 

(oC)

Relative 
Humidity (%)

Temperature-
humidity Index

6:00 24.33 ±  0.72 20.00 ± 2.00 65.67 ± 3.29 22.60 ± 1.25

(23.00 – 26.00) (16.00 – 22.00) (45.00 – 83.00) (20.20 – 24.40)

8:00 27:00 ±  0.94 20.67 ± 1.86 55.33 ± 4.65 24.47 ± 1.09

(25.00 – 29.00) (17.00 – 23.00) (32.00 – 76.00) (23.00 – 26.60)

10:00 30.67 ± 1.36 22.00 ± 1.53 47.00 ± 5.74 27.20 ± 0.42

(29.00 – 34.00) (19.00 – 24.00) (19.00 – 64.00) (26.60 – 28.00)

12:00 36.33 ± 1.52 23.67 ± 0.33 32.33 ± 4.02 31.27 ± 0.98

(34.00 – 40.00) (23.00 – 24.00) (20.00 – 41.00) (30.00 – 33.20)

14:00 38.00 ± 0.94 23.67 ± 0.67 27.33 ± 4.46 32.27 ± 0.48

(36.00 – 40.00) (23.00 – 25.00) (20.00 – 38.00) (31.60 – 33.80)

16:00 38.33 ± 1.19 24.00 ± 1.00 28.67 ± 1.00 32.60 ± 0.60

(36.00 – 40.00) (23.00 – 26.00) (19.00 – 43.00) (32.00 – 33.80)

18:00 36.33 ± 0.98 23.00 ± 0.58 29.67 ± 0.38 31.00 ± 0.50

(34.00 – 38.00) (22.00 – 24.00) (20.00 – 41.00) (30.00 – 31.60)

Mean ± SEM 33.00 ± 1.09 22.43 ± 0.60 40.95 ± 4.37 28.77 ± 1.52

(23.00 – 41.00) (16.00 – 26.00) (19.00 – 83.00) (22.60 – 32.60)

Values with parenthesis are minimum – maximum
Table 1: Hourly Fluctuations in Thermal Microenvironment Parameters during the 
Hot-dry Season.

Day Dry-bulb 
temperature (oC)

Wet-bulb 
temperature (oC) 

Relative 
Humidity (%)

Temperature-
humidity Index

7 31.4 ± 1.93 23.86 ± 0.55 55.14 ± 2.81 28.23 ± 1.37

(24.00 - 36.00) (22.00 - 26.00) (38.00 - 83.00) (23.20 -32.00)

14 34.71 ± 2.69 20.43 ± 1.15 25.00 ± 1.98 29.00 ± 2.07

(23.00 - 41.00) (16.00 - 23.00) (19.00 - 45.00) (20.20 - 33.80)

21 33.00 ± 2.17 23.00 ± 0.22 42.71 ± 2.76 29.09 ± 1.19

(26.00 - 38.33) (22.00 - 24.00) (24.00 - 69.00) (24.40 - 32.00)

Mean ± SEM 33.00 ± 2.17 22.43 ± 1.03 40.95 ± 2.52 28.77 ± 0.27

(24.33 - 38.33) (20.43 - 23.86) (27.00 - 65.67) (28.23 - 29.09)

Values in parenthesis are minimum - maximum
Table 2: Daily Variations in Thermal Microenviroment Parameters during the 
Experimental Period of the Hot-dry Season.
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of maximum and minimum CT were not significantly different in 
experimental and control pullets on each day of the recordings (Table 
4). Feed consumption rose significantly (P < 0.05) from 0.95 ± 0.3 kg 
on day 7 to 1.65 ± 0.2 kg per bird on day 21 of the administration in 
experimental pullets, with an increase of 73.68%. During the same 
period, feed consumption also increased (P < 0.05) in control pullets 
from 1.8 ± 0.3 kg to 2.30 ± 0.3 kg per bird, giving a percentage rise 
of 27.77% (Table 3). The live weight gain rose from 0.36 ± 0.01 kg 
on day 7 of the experiment to 0.71 ± 0.01 kg (P < 0.01) on day 21 in 

experimental pullets. This increase in live weight gain constituted a 
rise of 97.22% over the pre-treatment value. In the control pullets, 
the weight gain rose from 0.34 ± 0.01 kg on day 7 of betamint 
administration to 0.62 ± 0.02 kg on day 21 in control pullets, giving a 
percentage rise of 82.35%. Thus, there was an increase of about 15% 
of live weight gain in experimental pullets over that of control pullets 
(Table 3). Water intake in experimental and control pullets did not 
differ significantly (P < 0.05) during the study period. However, the 
increase on day 21 (5.63 ± 0.2 L) when compared to that of day 7 (5.40 

 Mean Cloacal Temperature (oC) Feed Consumption (kg) Water Intake (L) Liveweight Gain (kg)
Day Experimental Control Experimental Control Experimental Control Experimental Control
7 41.56 ± 0.11a 41.53 ± 0.12 0.95 ± 0.03 1.8 ± 0.06 5.4 ± 0.03 3.64 ± 0.02 0.36 ± 0.01 0.34 ± 0.01
14 41.63 ± 0.11 41.63 ± 0.13 1.65 ± 0.05 1.05 ± 0.02 5.5 ± 0.02 5.53 ± 0.07 Not Recorded Not Recorded
21 41.70 ± 0.09b 41.77 ± 0.13 1.65 ± 0.18 2.3 ± 0.02 5.63 ± 0.02 4.5 ± 0.02 0.71 ± 0.01 0.62 ± 0.02
Mean ± SEM 41.63 ± 0.10 41.64 ± 0.13 1.42 ± 0.09 1.72 ± 0.03 5.51 ± 0.02 4.56 ± 0.04 0.54 ± 0.01 0.48 ± 0.02
Percentage (%) difference between 
Days 7 and 21 0.34 0.58 73.68 27.77 4.26 23.63 97.22 82.35

Table 3: Effect of Betamint® Supplementation on Cloacal Temperature, Feed Consumption, Water Intake and Weight Gain in Pullets (n = 25) during the Hot-dry Season.

 Mean ± SEM Maximum Minimum Range
Hour of Day Experimental Control Experimental Control Experimental Control Experimental Control

06:00 41.34 ± 0.07 41.25 ± 0.08 42.5 42.3 40.5 40 2 2.3
08:00 41.41 ± 0.06 41.28 ± 0.07 42.4 41.9 40.8 40.6 1.6 1.3
10:00 41.43 ± 0.06 41.44 ± 0.06 42.2 42.2 40.6 40.6 1.6 1.6
12:00 41.55 ± 0.06 41.68 ± 0.06 42.6 42.3 40.5 41 2.1 1.3
14:00 41.78 ± 0.05 41.99 ± 0.05 42.8 42.8 41.2 41.6 1.6 1.2
16:00 41.95 ± 0.05 42.04 ± 0.06 42.7 42.8 41.2 41.4 1.5 1.4
18:00 41.97 ± 0.05 41.82 ± 0.06 42.5 42.7 41.3 41.1 1.2 1.6

Mean ± SEM 41.63 ± 0.06 41.64 ± 0.06 42.53 ± 0.07 42.43 ± 0.13 40.87 ± 0.13 40.90 ± 0.21 1.66 ± 0.12 1.53 ± 0.14

Table 4: Effect of Betamint®  Administration on Diurnal Fluctuations in Cloacal Temperature (oC) of Pullets (n = 25) during the Hot-dry Season.

Correlated Parameters Correlation Coefficients
 Experimental Pullets (n = 25) Control Pullets (n = 25)
Dry-Bulb Temperature and Feed Consumption 0.899*** - 0.539*
Dry-Bulb Temperature and Water Intake 0.495* 0.971***
Relative Humidity and Cloacal Temperature - 0.241NS - 0.147NS

Relative Humidity and Feed Consumption - 0.694** 0.795**
Relative Humidity and Water Intake - 0.167NS - 0.994***
Temperature-humidity Index and Feed Consumption - 0.130NS - 0.142NS

Temperature-humidity Index and Water Intake 0.422NS 0.209NS

Temperature-humidity Index and Cloacal Temperature - 0.034NS 0.269NS

Cloacal Temperature and Feed Consumption 0.866*** 0.483*
Cloacal Temperature and Water Intake -0.067NS 0.253NS

* = Significant (P < 0.05) correlation; ** = Highly significant (P < 0.01) correlation; *** = Very highly significant (P < 0.001) correlation; NS = Non-significant correlation
Table 5: Relationships between Thermal Environmental Parameters and Cloacal Temperature, Feed Consumption and Water Intake in Experimental and Control Pullets 
during the Hot-dry Season.

Correlated Parameters Correlation Coefficients
 Experimental Pullets (n = 25) Control (n = 25)
Dry-bulb Temperature and Cloacal Temperature 0.559* 0.477*
Hour of Day and Cloacal Temperature -0.796* 0.850*
Hour of Day and Maximum Cloacal Temperature 0.832*** 0.806***
Hour of Day and Minimum Cloacal Temperature 0.946*** 0.887***
Hour of Day and Range Cloacal Temperature - 0.902*** - 0.590*
Maximum and Minimum Cloacal Temperature 0.951*** 0.897***
Maximum and Range Cloacal Temperature -0.873*** 0.364NS
Minimum and Range Cloacal Temperature -0.939*** - 0.732**  

* = Significant (P < 0.05) correlation; ** = Highly significant (P < 0.01) correlation; *** = Very highly significant (P < 0.001) correlation; NS = Non-significant correlation
Table 6: Relationships between Hour of Day and Parameters of Cloacal Temperature in Experimental and Control Pullets during the Study Period.

http://dx.doi.org/10.4172/2157-7579.1000166
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± 0.4 L) was 4.5% in experimental pullets, while that of the control 
pullets increased from 3.64 ± 0.3 L on day 7 to 4.50 ± 0.1L on day 
21 of the study period, giving an increase of 23.63% (Table 3). There 
were significant relationships between the hour of the day and CT 
(-0.796; P < 0.05) in the experimental pullets (Table 6; Figures 1–3). 
An exception was the relationship between the range value of the CT 
and the hour of the day, which was more negative in experimental 
pullets (r = -0.902; P < 0.001) than control pullets (r = -0.590; P < 
0.05) (Table 6).

There were significant correlations between the DBT and CT 
values in both the experimental and control pullets (Figure 4). The 
relationship between the DBT and feed consumption (Figure 5) 
was significant and positive in experimental pullets (r = 0.899; P 
< 0.01), but negative in control pullets (r = -0.539; P < 0.05). The 
relationship between water intake and DBT (Figure 6) was very highly 
significant in the control pullets (r = 0.971; P < 0.01), but significant 
in experimental pullets (r = 0.495; P < 0.05). The RH was negatively 
and insignificantly correlated with the CT in both experimental and 
control groups (Figure 7). As the RH rose, water intake in the pullets 
decreased, especially in the control pullets (r = -0.994; P < 0.01). Feed 
consumption also decreased as RH rose significantly (r = -0.694; P < 
0.01) in experimental pullets. However, this relationship was positive 
and significant in control pullets (r = 0.795; P < 0.01). The relationship 
between CT and feed consumption was positive in the experimental 
group, but negative in control group (Figure 8). The relationship 
between CT and water intake was negative in the experimental pullets, 
whereas positive in the control group, but not significant (Table 5). 

Discussion
The results of the present study show that betamint administration 

in experimental pullets induced an increase in live weight gain of 
about 15% over that of the control pullets. This finding agreed with 
that obtained by Anonymous [21], who recorded 14% increase, in live 
weight gain following betamint administration in broilers. On the 
overall, the percentage increase in feed consumption rate obtained 
in experimental pullets in the present study was 3%, and the value 
was lower than that of 4.4% obtained by Hassan et al. [32] following 
treatment of growing chicks with betaine, an important and highest 
component of betamint, during the starter-grower period from days 
1 - 56 of age. The results of the present study also agree with the 
findings of Hassan et al. [32] that betaine increased body weight gain 
in growing chicks and improved feed consumption of chicks during 
the starter-grower period from days 1 - 56 of age. Augustine et al. 
[33], Waldenstedt et al. [34] and Metzler Zebeli [35] also showed that 
betaine increased body weight gain and improved feed consumption 
rate in chicks. Hassan et al. [32]demonstrated that the effect of betaine 
was apparent in early phase (1 – 28 days) of growth, but declined with 
advanced age of chicks (29 – 52 days). The findings of the authors, 
thus, demonstrated that betaine exerted its antioxidant effect more 
markedly during the early phase of growth in pullets. Similarly, Sayed 
and Dowing [36] reported that the beneficial effect of betaine was 
apparent in the first few days of administration in broilers exposed 
to heat stress. The thermal micro-environmental factors may also 
play a crucial role in modulating the effect of betamint on growth 
promotion in chicks. Thus, the differences between the findings of the 
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A = Experimental Pullets; B = Control Pullets 
Figure 1: Relationship between Cloacal Temperature (oC) and Hour of Day (h) 
in Experimental (A) and Control (B) Pullets during the Hot-dry Season.
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Figure 2: Relationship between Maximum Cloacal Temperature (oC) and Hour 
of Day (h) in Experimental (A) and Control (B) Pullets during the Hot-dry Season.
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present study and those of Hassan et al. [32] may be due to variations 
in thermal environmental conditions in Egypt and Nigeria under 
which the two studies were conducted, respectively. This requires 
further investigation. 

Other factors that modulate the effect of betaine on the growth 
of chicks are choline or methionine contents of experimental diets 
[37], which were not investigated in the present study. The fact that 
methyl-group requirement is higher during early growth phase than 
later growth phase has been demonstrated [38]. Besides, betamint has 
been shown to possess diverse physiological activities that improve 
gastro-intestinal environment [35], including its ability to increase 
chick resistance to diseases [39] by enhancing the immune functions 
of birds between days 49 – 63 of age. The results of the present study 
obtained from pullets free from coccidiosis and other diseases disagree 
with the findings of Waldroup and Fritts [40], which did not observe 
positive benefits, in terms of body weight gain, feed consumption rate 
or mortality, in broiler chicks fed betaineadded corn-soy bean meal 
based diet. The differences in the finding of the present study and that 
obtained by Waldroup and Fritts [40], who administered only betaine, 
may be due to the fact that betamint contains other nutrients besides 
betaine. The other nutrients of betamint are vitamin C, established to 
play a crucial role in stress amelioration in poultry [17,24,26,41], and 
calcium, sodium, potassium and magnesium ions. Besides, the study 
of Waldroup and Fritts[40] was conducted on broilers reared under 
the temperate climatic conditions. 

The CT values showed distinct diurnal fluctuations as 
evidenced by the lowest and highest values recorded at 06:00 h and 
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Figure 3: Relationship between Minimum Cloacal Temperature (oC) and Hour of 
Day (h) in Experimental (A) and Control (B) Pullets during the Hot-dry Season
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Figure 4: Relationship between Cloacal Temperature (oC) and Dry-Bulb 
Temperature (oC) in Experimental (A) and Control (B) Pullets during the Hot-dry 
Season.

18:00 h, respectively in experimental (41.34 ± 0.07oC and 41.97 
± 0.05oC, respectively) and control (41.25 ± 0.08oC and 41.82 ± 
0.06oC, respectively) (P < 0.05) pullets. The CT value in 18:00 h in 
experimental pullets was higher (P < 0.05) than that of the control 
pullets. The diurnal fluctuations observed in the present study agree 
with the findings of Sinkalu et al. [24,42], who showed that CT values 
fluctuate with the hours of the day in pullets. Overall, betamint did not 
significantly reduced the CT values in the experimental pullets when 
compared with those of the control pullets, but its effect in reducing 
CT was evidence during the hot hours of the day (at 12:00 h and 14:00 
h). This finding suggests that the effect of betamint is manifested 
mainly during the hot hours of the day, when the AT values were 
very high; that is, at 36.33oC - 38.00oC. Therefore, administration of 
betamint may be of value in ameliorating the adverse effect of heat 
stress in pullets during the hot-dry season. It is recommended that 
in cases where birds are to be unavoidably exposed to heat stress 
during the season, especially in the afternoon hours of the day, a prior 
administration of betamint in the morning hours may be of value in 
alleviating heat stress. The fact that overall mean, mean maximum, 
mean minimum and mean range values of CT in the experimental and 
control birds did not differ significantly indicates that betamint did 
not induce a significant hypothermic effect in the pullets. Although 
betamint contains vitamin C, demonstrated to possess hypothermic 
effect in pullets [43], the other active ingredients of betamint (betaine, 
magnesium, sodium, calcium and chlorine ions) may play some other 
synergistic roles. This requires further investigation.

The results of the relationships between the DBT, RH, THI, CT, 
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feed consumption and water intake in the present study showed that 
the relationships were predominantly higher in the experimental than 
in the control pullets, with the exception of DBT and water intake. 
This finding is in agreement with the result obtained by Waldenstedt 
et al. [34], who demonstrated that betamint increased the metabolic 
rate in birds, resulting in high CT and feed consumption. However, 
the fact that a relatively low relationship between DBT and water 
intake was obtained in experimental pullets compared to control 
pullets showed that betamint reduced water intake during the hot-
dry season. This finding agrees with that obtained by Anonymous 
[21] that betamint increases the adaptation of birds to heat stress; 
and Mahmoudina and Madani [6], who reported that betaine, the 
chief component of betamint, initiates the protection of intestinal 
epithelium against osmotic disturbance. The results of the present 
study demonstrated that betamint reduced the water intake in birds 
during heat stress; therefore, its administration may be of tremendous 
value in raising birds in arid areas, where there is a relative shortage 
of water, especially during the hot-dry season.

The decrease in relationship between RH and CT, feed and water 
consumptions recorded in the present study disagreed with the findings 
of Al-Shkri and Alhassani [44], who demonstrated that water intake 
in betaine-administered broilers exceeded that obtained in control 
broilers, administered with betaine. The difference in the results may 
be due to the fact that betamint contains other components. In the 
present study, the relationship between RH and feed consumption that 
rose significantly in the control pullets, unlike in the experimental 
pullets, indicates high demand in feed consumption in untreated 

pullets. This demand may further aggravate the economic losses 
incurred by the poultry farmers during the hot-dry season. betamint, 
however, decreased feed consumption with increase in RH. It has 
been observed by Abu-Dieyeh [45] and Dzenda et al. [46] that high 
DBT decreases feed consumption, adversely affecting liveweight gain. 
The finding that betamint increased feed consumption with increase 
in DBT, resulting in a rise in liveweight, in the present study clearly 
demonstrated that betaminthas a tendency to increase liveweight 
gains in pullets reared under high AT conditions. 

Based on the findings of the present study, betamint is 
recommended for use bypoultry farmers as a supplement in reducing 
adverse effects of heat stress, increasing liveweight gain and reduction 
in feed consumption; thus, increasing poultry profitability during the 
hot-dry season. It is also recommended that betamint be administered 
to birds that are to be unavoidably subjected to adverse effects of heat 
stress, especially during the hot hours of the day. Based on the findings 
of this study, betamint may be administered to pullets in order to 
alleviate the negative effects of heat stress during the hot-dry season. 
It may also be administered to pullets raised in areas where there is a 
relative shortage of water, especially during the hot-dry season, and in 
arid and semi-arid zones. 

In conclusion, betamint administration significantly reduced CT 
values of pullets during the hot hours of the day, at 12:00 h and 14:00 h. 
Its administration to pullets increased live weightgain, improved feed 
consumption and reduced water intake during the hot-dry season.
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Figure 5: Relationship between Dry-bulb Temperature (oC) and Feed 
Consumption (kg) in Experimental (A) and Control (B) Pullets during the Hot-
dry Season.
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Figure 6: Relationship between Dry-bulb Temperature (oC) and Water Intake (L) 
in Experimental (A) and Control (B) Pullets during the Hot-dry Season.
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Figure 7: Relationship between Cloacal Temperature (oC) and Relative Humidity 
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