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Introduction
Agriculture contributes to climatic change and as well, 
being negatively affected by it. The nature and the 
extent of animal agriculture practised in any region of 
the globe are commonly influenced by the interactions 
among numerous physical, biological and socioeconomic 
factors [1,2]. As agriculture tends towards increased 
commercialization, impact on climate change becomes 
more apposite [3]. Thus, improving animal agriculture 
needs to consider the interactions between animals and 
the environment. Complexities between livestock sector 
and climatic change were identified to be significant 
and generally overlooked, particularly in Africa where 
livestock plays a crucial role in poverty alleviation and 
rural development [4]. 

Small ruminants play a predominant role in the economy 
of million people and have provided meat, milk, skin and 
many other indirect benefits for centuries [5]. The demand 

for livestock (including small ruminants) products and 
consequential increase in production has been largely 
driven by the rapid growth of human population, increases 
in income and urbanization [6]. Therefore, climatic change 
becomes a serious long- term challenge faced by small 
ruminants’ owners worldwide. The influence of climatic 
change in terms of sudden temperature change has caused 
significant losses in animal production [7] and therefore 
generates the need for detailed studies on the adaptive 
processes of breeds, especially goats, to better understand 
the adaptation parameters and processes of these animals. 

Change in relative humidity and ambient temperature 
constitute meaningful effects on animal behaviour as a 
result of neuron endocrine response which consequently 
influences production and health status of animals [8.9]. 
Thus, temperature change is a major threat to the viability 
and sustainability of milk production in goats as well as 
relative humidity [10]. Livestock generally express their full 
potential when environmental conditions are favourable. 
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Abstract

This study examined the influence of ambient temperature (AT), relative humidity (RH) 
and temperature-humidity index (THI) on milk yield (MY) and milk compositions 
(MC) of West African Dwarf (WAD) goats using a total of thirty-six (36) lactating does. 
The goats were milked twice daily for twelve (12) weeks during which, AT and RH were 
monitored. The AT and RH data were used to generate THI. The milk collected at every 
milking was quantified and also analysed for MC, The AT, RH and THI during each 
milking period were categorized into low, medium and high ranges, under which the 
corresponding MY and MC were fixed. The data generated were subjected to Analysis of 
Variance of a Completely Randomized Design. The result revealed that the highest MY 
(350.28 mL), recorded during low AT range, was not significantly different from 329.43 
mL obtained during medium AT, while high RH range (70-99%) facilitates higher MY 
(364.30 mL) compare to low and medium ranges. AT exerted no significant difference 
on all the MCs except protein. Milk fat was highest (7.34%) at low THI, while the lactose 
(11.30%) at high THI range was significantly higher compared to other ranges. A 
relatively higher MY (324.35 mL) and milk density (1034.94 kg/m3) was obtained within 
medium THI range (75.6-85.6). It is concluded that, AT and RH exhibit a synergistic 
effect on MY and some of the MCs.It is recommended that thermo-comfort THI for 
dairy WAD goats is between 75.6 and 85.6.
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Earlier researchers demonstrated that air temperature 
and relative humidity are the major natural physical 
environmental factors affecting livestock. Changes in these 
factors are recognized as a potential hazard in livestock 
growth and production [4] and thus, seasonal variations 
in these factors are therefore undeniable physiological 
stressors which affect the animal’s biological systems.

High-producing animals tend to have reduced productivity 
when subjected to greater influence by climatic factors, 
particularly those raised under tropical conditions, due 
to high air temperature and relative humidity [11]. Some 
authors also asserted that high temperatures may reduce 
feed intake, lower milk production, leading to energy 
deficits that may lower fertility, fitness and longevity 
in animal [12]. Research findings by [13,14], indicated that 
effective environmental temperature above 30ºC activates 
the stress response system in lactating goats and in 
response goats reduces intake of feed which is directly 
associated with negative energy balance, which is largely 
responsible for the decline in milk synthesis. However, 
the findings by [15] concluded that goat breeds differ in 
capability to tolerate heat. Evaluation of goat milk yield 
and composition with respect to ambient temperature 
and relative humidity on West African Dwarf does is 
practically non-existent in literature. Therefore, this 
study was designed to investigate the influence of ambient 
temperature, relative humidity and relative-humidity 
index on the milk yield and milk composition of West 
African Dwarf does.  

Materials and Methods
Ethical Approval 

All the handling of the goats conforms to the guidelines of 
Ethical Review Committee of University of Ilorin, Nigeria. 
Ethical approval to undertake the research was given by 
the Ethical Review Committee of University of Ilorin, 
Nigeria. The protocol identification Code and Ethical 
Approval Number assigned to the research are UERC/
AGR/174 and UERC/ASN/2020/2039 respectively. 

Experimental Site

This research was carried out at the Small Ruminant Unit 
of the Teaching and Research Farm, University of Ilorin, 
Nigeria. The ambient temperature of the site ranges from 
19.00ºC to 42ºC while its relative humidity ranges from 
21-83% depending on the period of the year.

Animals and Management

This research was conducted using thirty-six (n=36) 
apparently healthy lactating West African Dwarf (WAD) 
does. The does were free of mastitis and other physiological 
disorder. All the does were fed ad-libitum with the same 
ration (Table 1), compounded to satisfy the nutrient 

requirement of lactating does [16]. The experiment lasted 
for a period of twelve weeks. The does were managed 
within housing units that permit ample exercise and 
limited degree of freedom which was strictly in line with 
guideline of University of Ilorin ethical review committee. 
The milking of each of the does commenced at five-day 
post-paturm and for a period of twelve weeks. The records 
of milk yield, ambient temperature and relative humidity 
were taken at every milking period. 

Experimental Design and Data Collection

This experiment was laid out in a Completely Randomized 
Design (CRD). The does were milked twice daily (morning: 
07.00 am - 09.00 am; evening: 05.00 am - 07.00 am) for a 
period of twelve weeks. Hand stripping was done in order 
to stimulate milk let down before the use of the milking 
machine, which has a calibrated cylinder for measuring the 
milk yield of each doe. Milk samples from the does were 
taken to the laboratory for milk composition analysis using 
a milk analyzer (Milch analyser, Ultrascan 3100, count: 
1288, SN: 28214 PC151). A digital thermo-hygrometer 
placed within the housing unitswas used to monitor the 
ambient temperature (AT) and relative humidity (RH)  
twice per day during every milking process. The recorded 
morning and evening AT and RH values were averaged 
to obtain daily day AT and RH during the period of the 
experiment. These values were categorized as low, medium 
and high. The AT ranges for each of the categories are: low 
(17.5-25.6); medium (25.7-33.8) and; High (33.9-42.0) 
while the ranges for the RH are: low (10-39%); medium 
(40-69%); and high (70-99%). The sample sizes being the 
total number of animals whose data collection period fell 
within the stated categories of AT and RH throughout 
the period of the experiment were: Low (n=31), Medium 
(n=27), and High (n=26) for AT, while that of RH are; 
Low (n=27), Medium (n=28), and High (n=29).  Collected 
data on AT and RH were used to calculate temperature-
humidity index (THI) as reported [17]. 

Table 1. Composition of diets fed to experimental goats

Feed Ingredient Percentage (%)

Wheat Bran 25

Palm Kernel Cake 15

Groundnut Cake 5

Rice Bran 5

Corn Bran 10.5

Maize 20

Cassava Peel 19

Salt 0.5

Estimated TDN 59.09

Estimated CP 12.23
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THI = 0.8×AT+RH%× (AT-14.4) + 46.4

where, AT = air temperature in ºC; RH = relative humidity 
in %.

The THI values were also categorized as: low (65.5-75.50; 
medium (75.6-85.6) and; high (85.7-95.7). The sample 
sizes being the number of animals observed within each 
THI categories were: Low (n=28), Medium (n=26) and 
High (n=30).

Statistical Analysis

The three categories of each of AT, RH and THI (low, 
medium and high) were treated as independent variables 
while the corresponding values of milk yield and milk 
composition were considered as dependent variable. The 
data obtained were tested for normal distribution using 
DATAtab statistic calculator. The parameter whose data 
that did not follow normal distribution were transformed 
prior analysis of variance using Minitab Statistical package 
Version 17. Least Significant Difference Test was used for 
post hoc. 

Results
The influence of ambient temperature on daily milk yield 
(DMY) and milk composition of WAD does is presented 
in Table 2. A significant difference (P<0.05) was observed 
in the DMY of the multiparous WAD does at different 
ranges of ambient temperature (AT). The DMY when AT 
was medium (350.28 mL/day) as well as low (329.43 mL/
day) were not significantly different from each other but 
were significantly higher (P<0.05) than 210.56 mL/day 
obtained when AT was within high range.  All the milk 
compositions evaluated were not affected by ambient 
temperature except milk protein. The average milk protein 
of the does during the days within high AT (4.72%) was 
significantly higher (P<0.05) compare to when AT was 
either within low or medium range. The milk produced 

during the days with medium and low AT had comparable 
milk protein of 3.83 and 3.85% respectively.   

The influence of relative humidity (RH) on the milk 
yield and milk composition of WAD does is presented 
in Table 3. The DMY of the multiparous WAD does was 
significantly (P<0.05) influenced by RH with the highest 
yield (364.30 mL/day) being produced when the RH of 
the day was high. The yield during moderate RH (332.18 
mL/day) was also significantly higher than 257.48 mL/
day produced during the day with low RH range. The 
milk fat obtained when the RH was on the high side was 
also significantly lower compare to when RH was low or 
medium. All other milk compositions were not affected by 
RH. The SNF, density, FP, protein, lactose and salt content 
of the milk showed no significant difference (P>0.05) at 
the different levels of relative humidity.

The influence of temperature-humidity index (THI) on 
milk yield and milk composition of lactating WAD goats 
is presented in Table 4. Significant differences (P<0.05) 
were observed in the milk yield of the does and, in the 
fat, density and lactose content of the milk at the three 
THI categories (low, medium and high). The highest milk 
yield (324.35 mL) and milk density (1034.94 kg/m3) were 
obtained when the THI range was medium. These values 
were significantly higher than the corresponding values 
obtained at low and high THI (MY: 246.30 mL vs 205.00 
mL; Density: 1032.38 vs1030.10). The milk fat and milk 
density during the days that exhibited medium and high 
THI were not significantly different from each other. A 
significantly higher milk fat, and lower milk density was 
however recorded during the day with low THI. The 
milk lactose recorded during high THI days (11.30%) 
was significantly higher than 5.66 and 6.07% recorded for 
low and moderate THI days respectively. No significant 
difference (P>0.05) was observed between classes of 
THI with respect to SNF, FP, protein and salt content of 
the milk. 

Table 2. Influence of ambient temperature on average milk yield and milk composition of West African Dwarf does

Milk Parameters
Ambient Temperature

SEM P-ValueLow 
(n =31)

Medium 
(n =27)

High 
(n =26)

DMY (mL) 350.28a 329.43a 210.56b 22.45 0.001

Fat (%) 7.09 6.95 7.76 0.85 0.114

SNF (%) 11.03 10.94 10.65 0.19 0.955

Density (kg/m3) 1033.19 1034.30 1034.15 1.15 0.167

FP (ºC) -0.68 -0.50 -0.73 0.29 0.692

Protein (%) 3.83b 3.86b 4.72a 0.54 0.018

Lactose (%) 5.68 6.05 7.05 0.39 0.131

Salt (%) 0.86 0.90 0.87 0.06 0.442
a,b Means with different superscript in the same row are significantly P<0.05 different from one another.   DMY: Daily Milk Yield; SNF: Solid Non-Fat; FP: Freezing point
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Discussion
Variation in adaptability to fluctuations in weather and 
other environmental factors is one of the primary factor 
responsible for global distribution of species and breeds 
of livestock [18-20]. Despite being reported to be adaptable 
to a vast weather condition, some specific breeds of goat 
are strictly predominant in few regions than others. Thus, 
definition of thermo-comfort zone using temperature 
range subsists. However, discrepancies exist in the reported 
range, as some researchers [21,22] concluded that goats in the 
hot climate are liable to perform excellently between (12-
24ºC) while other researchers [23] indicated between 20 
and 30ºC. The current result, however, disagrees with the 
thermo-comfort temperature specified for goat by these 
authors, with the comparable yield (350.28 mL and 329.43 
mL) obtained at low (17.5-25.6) and medium (25.7-33.8) 
ambient temperature ranges focused in the current study. 
This may suggest breed variation in adaptability to AT, 
which was also reported by some authors [24,25]. A marked 
reduction in the milk yield at AT of between 33.9 and 

42.0ºC suggests inhibition of production capacity and 
thermo-regulatory compensation for energy balance [26]. 
The milk yield obtained during low and medium AT 
in the current study are of close range with 3339.20mls 
reported for white WAD goat [27].  

The present result also corroborates with the report in 
which the production and quality of goat’s milk were 
indicated to be directly related to climatic variations and 
the combined action of these factors [23]. The significant 
effect of AT on protein, RH on fat and THI on fat, density 
and lactose reveals that synergy exist between AT and RH. 
However, the present study contradicts [28] who reported 
that stressful environmental conditions may not alter the 
composition of goat milk if they are well adapted to their 
environment. The trends of THI, RH and AT impacts on 
milk fat, protein and other compositions in the current 
study may explain the complexities in the thermo-
regulatory mechanisms in goat and thus reaffirm the 
statement that environmental effects on milk composition 
is not conclusive [26]. A similar increase in milk protein 
but not other milk compositions, as observed in the 

Table 3. Influence of relative humidity on milk yield and milk composition of lactating West African Dwarf goats

Milk Parameters
Relative Humidity

SEM P-ValueLow 
(n = 27)

Medium 
(n=28)

High 
(n=29)

DMY (mL) 257.48c 332.18b 364.30a 25.55 0.000

Fat (%) 7.34a 7.33a 6.17b 0.98 0.000

SNF (%) 10.46 11.57 10.38 1.34 0.300

Density (kg/m3) 1034.17 1033.42 1034.44 0.79 0.228

FP (ºC) -0.72 -0.69 -0.36 0.39 0.345

Protein (%) 4.32 3.87 3.82 0.57 0.146

Lactose (%) 6.46 5.77 6.16 0.72 0.397

Salt (%) 0.87 0.87 0.90 0.06 0.561
a,b,c Means with different superscript in the same row are significantly P<0.05 different from one another.   DMY: Daily Milk Yield; SNF: Solid Non-Fat; Fp: Freezing point

Table 4. Influence of Temperature-humidity index on milk yield and milk composition of West African Dwarf does

Milk Parameters
Temperature-Humidity Index

SEM P-ValueLow
(n = 28)

Medium
(n=26)

High
(n=30)

DMY (mL) 246.30b 324.35a 205.00c 23.45 0.000

Fat (%) 7.55a 6.78b 7.13b 0.38 0.009

SNF (%) 11.41 10.62 10.77 0.82 0.590

Density (kg/m3) 1032.38b 1034.94a 1030.01c 2.36 0.000

FP (ºC) -0.68 -0.52 -0.726 0.32 0.772

Protein (%) 3.80 4.05 4.00 0.27 0.482

Lactose (%) 5.66b 6.07b 11.30a 3.23 0.000

Salt (%) 0.86 0.89 0.90 0.08 0.373
a,b,c Means with different superscript in the same row are significantly P<0.05 different from one another.   DMY: Daily Milk Yield; SNF: Solid Non-Fat; FP: Freezing point
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current study, was also reported [26] in goat during period 
of high AT while some previous studies [10,29,30] reported 
a contrary result. Reduction in milk yield at the expense 
of maintaining milk fat at high AT and, increased milk 
protein at low RH, as well as high lactose when THI was 
high substantiates the influence of these environmental 
factors on metabolic changes and hormonal reactions [24]. 
In contrary to some authors [31] who noted that goats are 
more comfortable in environment where average RH is 
65%, the highest milk in the current study was recorded 
when RH was between 70-99%. This might suggest breed 
variation in adaptability to weather factors [15].  

Defining heat stress using THI in goat has been discussed 
by several authors [32,33]. There is, however, a clear 
demarcation of discomfort levels across breeds. This 
is equally noticed in the current study with WAD goat 
producing significantly higher milk yield at THI higher 
than 79 which was reported [34] to be a dangerous level for 
Saanen goats managed in Brazil. The result in the current 
study aligns with the report by some authors [35] which 
indicated in good performance in Anglo-Nubian goat at 
THI of 83.00 denoting better adaptability of these breeds 
to tropical regions. A relatively high milk yield between 
the THI of 75.6 and 85.6 in the present study portrays a 
disagreement with the earlier findings [36] which noted 80-
85 THI as a dangerous level. However, a marked reduction 
when THI is between 85.7 and 95.7 may be an indication 
that the WAD goats are heat-stressed within this range [29]. 
The effect of heat stress on milk fat content is contentious. 
Some authors reported a negatively correlated effects [37,38] 

while [39] established no relationship. The present result, 
however, agrees with [40], who found lower values of milk 
fat content when the temperature-humidity index was 
higher than 75. Similarly, earlier findings [39,40] found milk 
lactose content to be non-significantly between dairy 
animals maintained at temperature-humidity index <75 
and those maintained at temperature-humidity index >75 
but, the current study is not in line with these two reports 
as the lactose content recorded for high (85.7-95.7) 
temperature-humidity index was significantly different 
(P<0.05) from the lactose content recorded for low (65.5-
75.5) and moderate (75.6-85.6) temperature-humidity 
index. Alteration in milk protein reported by these authors 
as temperature humidity index changes was also not 
observed in the current study. All contradictions might be 
as a result in difference in species, breed, nutrition and 
other environmental factors. The response of the goats 
in relation THI result in the current study aligns with the 
report that there is higher tendency of better performance 
at THI of between 65-72 [30].

It is concluded that changes ambient temperature, relative 
humidity and temperature-humidity influence milk yield 
in a non-uniform trend while only THI affects more milk 

compositions than AT and RH. It is also concluded that 
WAD goat for dairy purpose perform optimally at AT of 
17.5 to 33.8ºC, RH of 70-99%, and THI of between75.6 
and 85.6.

Declarations
Availability of Data and Materials: The data that supports the 
findings of this study are available on request from the corresponding 
author (A. T. Yusuff). 

Acknowledgments: The authors appreciate the management team 
of University of Ilorin Teaching and Research Farm for the support 
rendered during the conduct of this study.  

Funding Support: This work was supported by the Tertiary 
Education Trust Fund (Nigeria) [Tetfund IBR Grant, 2017].  

Competing Interest: The authors of this article hereby declare that 
there exist no potential conflict, be it personal, financial, cultural or 
what so ever, with respect to the objectivity of the manuscript.

Authors Contributions: Fund acquisition and revision of final 
manuscript: T.R. Fayeye; Conceptualization, data collection and 
analysis, manuscript preparation: A. T. Yusuff; Project supervision 
and manuscript proofreading: V.O. Chimezie; Data curation and 
analysis, and manuscript proofreading: O.I. Alli; Data interpretations 
and manuscript proofreading: A.A. Badmos; Laboratory analysis 
and manuscript proofreading: S. A. Adeyemi.

References
1. Sabiha NE, Rahman S: Environment-smart agriculture and mapping of 
interactions among environmental factors at the farm fevel: A directed 
graph approach. Sustainability, 10 (5): 1580, 2018. DOI: 10.3390/su10051580
2. Ortiz AMD,  Outhwaite CL, Dalin C, Newbold T: A review of the 
interactions between biodiversity, agriculture, climate change, and 
international trade: Research and policy priorities. One Earth, 4 (1): 88-101, 
2021. DOI: 10.1016/j.oneear.2020.12.008
3. Paparrizos S, Baggen Y, van Dalen M,  Ploum L, Ludwig F: 
Commercialization pathways for climate services for small holder 
farmers in the global South. Clim Serv, 30:100354, 2023. DOI: 10.1016/j.
cliser.2023.100354
4. Cheng M, Bruce M, Carl B, Fei C: Climate change and livestock 
production: A literature review. Atmosphere, 13 (1):140, 2022. DOI: 10.3390/
atmos13010140
5. Yusuff AT, Fayeye TR: Repeatability estimates for body weight, skin and 
leather properties in pure and reciprocal crosses of Nigerian goats. Nigerian 
J Anim Sci, 20 (4): 317322, 2018.
6. Latino LR, Pica-Ciamarra U, Wisser D: Africa: The livestock revolution 
urbanizes. Glob Food Sec, 26:100399, 2020. DOI: 10.1016/j.gfs.2020.100399
7. Husen HM, Bekere H, Hussen DH, Yusuf MA: Review on impact of 
climate change on livestock health and productivity. BAOJ Nutr, 1 (1):1001, 
2022.  DOI: 10.2139/ssrn.3517784
8. Berihulay H, Abied A, He X, Jiang L, Ma Y: Adaptation mechanisms of 
small ruminants to environmental heat stress. Animals (Basel), 9 (3):75, 
2019. DOI: 10.3390/ani9030075
9. Collier RJ, Baumgard LH,  Zimbelman RB,  Xiao Y: Heat stress: 
Physiology of acclimation and adaptation. Anim Front, 9 (1): 12-19, 2019. 
DOI: 10.1093/af/vfy031
10. Zhu X, Wen J, Wang J: Effect of environmental temperature and 
humidity on milk production and milk composition of Guanzhong dairy 
goats. Vet Anim Sci, 9:100121, 2020. DOI: 10.1016/j.vas.2020.100121
11. Sejian V, Bhatta R,  Gaughan JB, Dunshea FR, Lacetera N: Review: 
Adaptation of animals to heat stress. Animal, 12 (2): 431-444, 2018. DOI: 
10.1017/S1751731118001945

https://www.researchgate.net/publication/325164191_Environment-Smart_Agriculture_and_Mapping_of_Interactions_among_Environmental_Factors_at_the_Farm_Level_A_Directed_Graph_Approach
https://www.researchgate.net/publication/325164191_Environment-Smart_Agriculture_and_Mapping_of_Interactions_among_Environmental_Factors_at_the_Farm_Level_A_Directed_Graph_Approach
https://www.researchgate.net/publication/325164191_Environment-Smart_Agriculture_and_Mapping_of_Interactions_among_Environmental_Factors_at_the_Farm_Level_A_Directed_Graph_Approach
https://www.sciencedirect.com/science/article/pii/S2590332220306540?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2590332220306540?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2590332220306540?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2590332220306540?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405880723000158
https://www.sciencedirect.com/science/article/pii/S2405880723000158
https://www.sciencedirect.com/science/article/pii/S2405880723000158
https://www.sciencedirect.com/science/article/pii/S2405880723000158
https://www.mdpi.com/2073-4433/13/1/140
https://www.mdpi.com/2073-4433/13/1/140
https://www.mdpi.com/2073-4433/13/1/140
https://www.ajol.info/index.php/tjas/article/view/181207
https://www.ajol.info/index.php/tjas/article/view/181207
https://www.ajol.info/index.php/tjas/article/view/181207
https://www.sciencedirect.com/science/article/pii/S2211912420300535?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211912420300535?via%3Dihub
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3517784
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3517784
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3517784
https://www.mdpi.com/2076-2615/9/3/75
https://www.mdpi.com/2076-2615/9/3/75
https://www.mdpi.com/2076-2615/9/3/75
https://academic.oup.com/af/article/9/1/12/5146549?login=true
https://academic.oup.com/af/article/9/1/12/5146549?login=true
https://academic.oup.com/af/article/9/1/12/5146549?login=true
https://www.sciencedirect.com/science/article/pii/S2451943X2030034X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2451943X2030034X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2451943X2030034X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731118001945?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731118001945?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731118001945?via%3Dihub


324

Weather Factors and West African Dwarf Goat Milk Kafkas Univ Vet Fak Derg

12. Habeeb AA, Osman SF, Teama FEI, Gad AE: The detrimental impact of 
high environmental temperature on physiological response, growth, milk 
production, and reproductive efficiency of ruminants. Trop Anim Health 
Prod, 55:388, 2023. DOI: 10.1007/s11250-023-03805-y
14. Fonseca WJL, Azevêdo DMMR, Campelo JEG, Fonseca WL, Luz 
CSM, Oliveira MRA, Evangelista AF, Borges LS, Sousa Júnior SC: Effect 
of heat stress on milk production of goats from Alpine and Saanen breeds in 
Brazil. Arch Zootec, 65 (252): 615-621, 2016.
15. Sarangi S: Adaptability of goats to heat stress: A review. Pharma 
Innovation, 7 (4):1114-126, 2018.
16. National Research Council, NRC: Nutrient Requirements of Small 
Ruminants: Sheep, Goats, Cervids, and New World Camelids. The National 
Academies Press, Washington DC, 2007. 
17. Thom EC: The discomfort index. Weatherwise, 12, 57-60, 1959. DOI: 
10.1080/00431672.1959.9926960
18. Bernabucci U: Climate change: impact on livestock and how can we 
adapt. Anim Front, 9 (1): 3-5, 2019. DOI: 10.1093/af/vfy039
19. Godde CM, Mason-D’Croz D, Mayberry DE, Thornton PK, Herrero 
M: Impacts of climate change on the livestock food supply chain: A 
review of the evidence. Global Food Sec, 28:100488, 2021. DOI: 10.1016/j.
gfs.2020.100488
20. Habte M, Eshetu M, Maryo M, Andualem D, Legesse A: Effects of 
climate variability on livestock productivity and pastoralists perception: 
The case of drought resilience in Southeastern Ethiopia. Vet Anim Sci, 
16:100240, 2022. DOI: 10.1016/j.vas.2022.100240
21. Muller CJC, Botha JA, Coetzer WA, Smith WA: Effect of shade on 
various parameters of Friesian cows in a Mediterranean climate in South 
Africa. 2. Physiological responses. S Afr J Anim Sci, 24, 56-60, 1994. 
22. Hammadi M, Fehem A, Harrabi H, Ayeb N, Khorchani T, Salama 
AAK: Shading effects on respiratory rate and rectal temperature in Tunisian 
local goat kids during summer season. Proc. XI International Conference on 
Goats, 23-27 September, Gran Canaria, Spain, 2012. 
23. de Souza PT, Salles MGF, de Araújo AA: Impact of heat stress on the 
physiology, reproduction and production of goats. Ciênc Rural, 42, 1888-
1895, 2012.
24. Coloma-García W, Mehaba N, Such X, Caja G, Salama AAK: Effects of 
cold exposure on some physiological, productive, and metabolic variables 
in lactating dairy goats. Animals,  10 (12):2383,  2020. DOI: 10.3390/
ani10122383
25. Habibu B, Umar KM, Yaqub LS, Salifu S, Makun HJ: Thermoregulation 
in humid climate-adapted and Savannah breeds of goats exposed to West 
African cold (harmattan) season. Agric Trop Subtrop, 54 (1): 192-200, 2021. 
DOI: 10.2478/ats-2021-0020 
26. Thammacharoen S, Saipin N, Nguyen T, Chaiyabutr N: Effects of High 
Ambient Temperature on Milk Protein Synthesis in Dairy Cows and Goats: 
Insights from the Molecular Mechanism Studies. Chaiyabutr N (Ed):  Milk 
Protein: New Research Approaches. IntechOpen, 2022. 
27. Williams TJ, Ozoje MO, Okwelum N, Adewumi OOO, Iyasere OS, 
Abioja MO, Opeloyeru OK, Awotedu OO: Milk yield in West African 
dwarf goats as influenced by coat colour, liveweight, week of lactation and 
udder circumference. Nigerian J Anim Prod, 46 (1): 352-332, 2019. 

28. Shamay A, Mabjeesh SJ, Shapiro F, Silanikove N: Adrenocorticotrophic 
hormone and dexamethasone failed to affect milk yield in dairy goats: 
Comparative aspects. Small Ruminant Res, 38 (3):  255-259. DOI: 10.1016/
S0921-4488(00)00152-8
29. Contreras-Jodar A, Salama AAK, Hamzaoui S, Vailati-Riboni M, Caja 
G, Loor JJ: Effects of chronic heat stress on lactational performance and the 
transcriptomic profile of blood cells in lactating dairy goats. J Dairy Res, 85 
(4): 423-430, 2018. DOI: 10.1017/S0022029918000705
30. Salama AAK, Contreras-Jodar A, Love S, Mehaba N, Such X, Caja G: 
Milk yield, milk composition, and milk metabolomics of dairy goats 
intramammary-challenged with lipopolysaccharide under heat stress 
conditions. Sci Rep, 10 (1): 5055 2020. DOI: 10.1038/s41598-020-61900-8
31. Srivastava  A, Yadav P, Mahajan  A, Anand  M, Yadav  S, Madan AK, 
Yadav B: Appropriate THI model and its threshold for goats in semi-
arid regions of India. J Therm Biol, 95:102845, 2021. DOI: 10.1016/j.
jtherbio.2021.102845
32. Cicero HO, Lallo CHO, Cohen J, Rankine D, Taylor M, Cambell J, 
Stephenson T: Characterizing heat stress on livestock using the temperature 
humidity index (THI)-prospects for a warmer Caribbean. Reg Environ 
Change, 18, 2329-2340, 2018. DOI: 10.1007/s10113-018-1359-x
33. Kaushik R, Arya A, Kumar D, Goel A, Rout PK: Genetic studies of heat 
stress regulation in goat during hot climatic condition. J Therm Biol, 
113:103528, 2023. DOI: 10.1016/j.jtherbio.2023.103528
34. Vitaliano AB, Salles MGF, Neto AMV, Rodrigues ICS, de Araújo AA: 
Comportamento reprodutivo caprino e ovino, utilizando o efeito 
macho interespécie. Rev Acad Ciênc Agrár Ambient, 10, 221-228, 2012. 
DOI: 10.7213/academica.7701
35. Alves AS, Souza BB, Silva EMN, Silva GA, de Batista NL: Determinação 
dos parâmetros fisiológicos e gradientes térmicos de caprinos jovens Anglo-
nubianos no semiárido brasileiro. J Anim Behav Biometeorol, 2, 90-94.2014. 
DOI: 10.14269/2318-1265/jabb.v2n3p90-94
36. Silanikove  N, Koluman N: Impact of climate change on the dairy 
industry in temperate zones: Predications on the overall negative impact 
and on the positive role of dairy goats in adaptation to earth warming. Small 
Ruminant Res, 123 (1): 27-34. DOI: 10.1016/j.smallrumres.2014.11.005
37. Habimana V, Nguluma AS, Nziku ZC, Ekine-Dzivenu CC, Morota G, 
Mrode R, Chenyambuga SW: Heat stress effects on milk yield traits and 
metabolites and mitigation strategies for dairy cattle breeds reared in 
tropical and sub-tropical countries. Front Vet Sci, 10:1121499, 2023. DOI: 
10.3389/fvets.2023.1121499
38. Bernabucci U, Basiricò L, Morera P, Dipasquale D, Vitali A, Piccioli-
Cappelli F, Calamari L: Effect of summer season on milk protein fractions 
in Holstein cows. J Dairy Sci, 98, 1815-1827, 2015. DOI: 10.3168/jds.2014-
8788
39. Cowley FC, Barber DG, Houlihan AV, Poppi DP: Immediate and 
residual effects of heat stress and restricted intake on milk protein and casein 
composition and energy metabolism. J Dairy Sci, 98, 2356-2368, 2015. DOI: 
10.3168/jds.2014-8442
40. Abeni F, Calamari L, Maianti MG, Cappa V, Stefanini L: Effetti dello 
stress termico sulle bovine in lattazione ed accorgimenti alimentari miranti 
ad attenuarne l’impatto su quantità e qualità del latte prodotto. Annali Fac 
Agric UCSC, 33, 151-170, 1993. 

https://link.springer.com/article/10.1007/s11250-023-03805-y
https://link.springer.com/article/10.1007/s11250-023-03805-y
https://link.springer.com/article/10.1007/s11250-023-03805-y
https://link.springer.com/article/10.1007/s11250-023-03805-y
https://www.redalyc.org/articulo.oa?id=49549091021
https://www.redalyc.org/articulo.oa?id=49549091021
https://www.redalyc.org/articulo.oa?id=49549091021
https://www.redalyc.org/articulo.oa?id=49549091021
https://www.thepharmajournal.com/archives/?year=2018&vol=7&issue=4&ArticleId=2000
https://www.thepharmajournal.com/archives/?year=2018&vol=7&issue=4&ArticleId=2000
https://www.tandfonline.com/doi/abs/10.1080/00431672.1959.9926960
https://www.tandfonline.com/doi/abs/10.1080/00431672.1959.9926960
https://academic.oup.com/af/article/9/1/3/5272569?login=true
https://academic.oup.com/af/article/9/1/3/5272569?login=true
https://www.sciencedirect.com/science/article/pii/S2211912420301413?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211912420301413?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211912420301413?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211912420301413?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2451943X22000114?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2451943X22000114?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2451943X22000114?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2451943X22000114?via%3Dihub
https://www.ajol.info/index.php/sajas/article/view/138378
https://www.ajol.info/index.php/sajas/article/view/138378
https://www.ajol.info/index.php/sajas/article/view/138378
https://pesquisa.bvsalud.org/portal/resource/pt/lil-651666
https://pesquisa.bvsalud.org/portal/resource/pt/lil-651666
https://pesquisa.bvsalud.org/portal/resource/pt/lil-651666
https://www.mdpi.com/2076-2615/10/12/2383
https://www.mdpi.com/2076-2615/10/12/2383
https://www.mdpi.com/2076-2615/10/12/2383
https://www.mdpi.com/2076-2615/10/12/2383
https://sciendo.com/de/article/10.2478/ats-2021-0020
https://sciendo.com/de/article/10.2478/ats-2021-0020
https://sciendo.com/de/article/10.2478/ats-2021-0020
https://sciendo.com/de/article/10.2478/ats-2021-0020
https://www.ajol.info/index.php/njap/article/view/194232#
https://www.ajol.info/index.php/njap/article/view/194232#
https://www.ajol.info/index.php/njap/article/view/194232#
https://www.ajol.info/index.php/njap/article/view/194232#
https://www.sciencedirect.com/science/article/pii/S0921448800001528?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448800001528?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448800001528?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448800001528?via%3Dihub
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/effects-of-chronic-heat-stress-on-lactational-performance-and-the-transcriptomic-profile-of-blood-cells-in-lactating-dairy-goats/8179634C85CFCF97EAAE65310CD9E499
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/effects-of-chronic-heat-stress-on-lactational-performance-and-the-transcriptomic-profile-of-blood-cells-in-lactating-dairy-goats/8179634C85CFCF97EAAE65310CD9E499
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/effects-of-chronic-heat-stress-on-lactational-performance-and-the-transcriptomic-profile-of-blood-cells-in-lactating-dairy-goats/8179634C85CFCF97EAAE65310CD9E499
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/effects-of-chronic-heat-stress-on-lactational-performance-and-the-transcriptomic-profile-of-blood-cells-in-lactating-dairy-goats/8179634C85CFCF97EAAE65310CD9E499
https://www.nature.com/articles/s41598-020-61900-8
https://www.nature.com/articles/s41598-020-61900-8
https://www.nature.com/articles/s41598-020-61900-8
https://www.nature.com/articles/s41598-020-61900-8
https://www.sciencedirect.com/science/article/pii/S0306456521000127?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0306456521000127?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0306456521000127?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0306456521000127?via%3Dihub
https://link.springer.com/article/10.1007/s10113-018-1359-x
https://link.springer.com/article/10.1007/s10113-018-1359-x
https://link.springer.com/article/10.1007/s10113-018-1359-x
https://link.springer.com/article/10.1007/s10113-018-1359-x
https://www.sciencedirect.com/science/article/pii/S0306456523000694?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0306456523000694?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0306456523000694?via%3Dihub
https://periodicos.pucpr.br/cienciaanimal/article/view/12224
https://periodicos.pucpr.br/cienciaanimal/article/view/12224
https://periodicos.pucpr.br/cienciaanimal/article/view/12224
https://periodicos.pucpr.br/cienciaanimal/article/view/12224
https://bibliotekevirtual.org/
https://bibliotekevirtual.org/
https://bibliotekevirtual.org/
https://bibliotekevirtual.org/
https://www.sciencedirect.com/science/article/pii/S0921448814003150?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448814003150?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448814003150?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448814003150?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fvets.2023.1121499/full
https://www.frontiersin.org/articles/10.3389/fvets.2023.1121499/full
https://www.frontiersin.org/articles/10.3389/fvets.2023.1121499/full
https://www.frontiersin.org/articles/10.3389/fvets.2023.1121499/full
https://www.frontiersin.org/articles/10.3389/fvets.2023.1121499/full
https://www.sciencedirect.com/science/article/pii/S0022030214008984?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030214008984?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030214008984?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030214008984?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030215000491?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030215000491?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030215000491?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030215000491?via%3Dihub

