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ARTICLE INFO ABSTRACT

Goat farming relies on sustainable reliable production systems to ensure an economically favourable supply
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of products. One of the major challenges to goat farming systems is the stress induced by transportation that

leads to loss of considerable body weight. This meta-analysis study aims to explore the gender-specific and
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breed-specific responses to transportation stress in goats. The analysis relies on 25 study observations with

various breeds and conditions. By use of Standardized Mean Differences (SMDs), and effect sizes, the study
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explores the breed and gender-specific responses. The overall SMD for body weight is observed to be (-1.158;

95% Cl: —1.645 to -0.671; p < 0.001). The Sub-group analysis for breed-specific response showed the breed
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Boerka (SMD = -3.401) and Anpera (SMD = -1.491) experienced the most weight loss, while Osmanabadi goats
were largely unaffected. Gender differences were also evident, with females (SMD = -2.692) showing more

pronounced weight loss than males (SMD = —0.855). These findings can help to improve the transportation
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strategy and overall animals welfare.

Introduction

Goats are one of the most valuable in the livestock sector for their
milk, meat, and other products. Goats are multipurpose livestock and are
raised worldwide for their milk, meat, yarn, show-purposes, etc (Rout and
Behera., 2021; Harahap et al,, 2024). In terms of meat, goats are highly se-
lected based on favourable traits like less fat, meat tenderness, high feed
to meat conversion ratio, and less rearing time (Huang et al., 2023). Body
weight is a major indicator of goat farming success (Migdat et al., 2021;
Abhijith et al,, 2023). There is a pool of research focusing on nutrition,
breeding strategies, management, genetics, etc that focuses on useful
ways to improve the body weight of livestock goats (Simdes et al., 2021;
Magotra et al., 2021; Bangar et al., 2022).

Across the world, livestock goats go through several stages of rearing
including early development, growing stage, finishing stage, transporta-
tion to process the meat, slaughtering, and post slaughtering phase (Rout
and Bahera., 2021; Star et al., 2021). Careful understanding and manage-
ment at all the stages of production are needed to ensure maximum out-
put in form of meat (Zhang et al.,, 2023). One of the most disturbing fac-
tors to goat farming success is the transportation phase after achieving
the finisher stage (Bhatt et al., 2021; Tozlu Celik et al.,, 2021).

The transportation stress is a major influence on a variety of he-
matological, biochemical, and physical parameter including the body
weight. A growing number of research body has reported the effect of
transportation stress on reducing the body weight, under influence of
physical translocation stress (Tozlu Celik et al, 2021; Li et al 2024; Re-
bez et al., 2025). However, the response to transportation stress is wide-
spread based on gender, goat breed, and the duration of transporta-
tion. Prior studies have focused on either breed differences or gender
impacts. But the combined impact of breed and gender on physiological
and immunological stress responses is poorly unknown, creating a cru-
cial gap in understanding goat adaptation during travel. This systematic
meta-analysis focused on answering the impact of transportation stress

on the goats under influence of breed-specific response, gender-specific
response, and overall influence of transportation stress on goat farming
success. Investigating breed- and gender-specific stress responses is crit-
ical for sustainable goat husbandry since it allows for the development of
focused mitigation methods.

Materials and methods
Search strategy, literature retrieval

The literature search was carried out on NCBI's Pub-med database
using the keywords, “goat” AND/ OR "body” AND/ OR “weight” AND/
OR "transportation”. Various combination of these mentioned keywords
resulted in identification of a total of 136 articles. During the full-text
assessment, studies were reviewed to confirm relevance, data availability,
and focus on goats. After a detailed screening of the studies involving
(a) titles and abstracts reading, and (b) full text reading, 18 articles were
retrieved for further processing. After retrieving the 18 articles for final
selection, 10 were excluded for not providing the required data types,
non-goat studies, and mixed treatment. Finally, 08 were finalized for data
extraction (Fig. 1).

Inclusion/ selection criteria

Eight studies met the inclusion criteria, which included: (a) goats
transported by road, (b) body weight changes before and after transport,
and (c) adequate statistical data, including sample size, mean, and SD/
SEM, as well as a control or reference group or enough details to calculate
effect sizes.

Data extraction

The data extraction involved retrieving the first author’'s name, year
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of publication, goat breed, duration of transportation stress, goat's gen-
der, control and treatment sample size (C.n, T.n), mean body weight
of control and treatment group (C.BW, T.BW) and standard deviations,
(C.SD, T.SD) (Table 1).

Identfication of new studies via databases and registers

c
§ Records identified from: Records removed before screening:
ii Databases (n = 1) (n=0)
o
8-
Records screened Records excluded
(n = 136) (n=118)
Reports sought for retrieval Reports not retrieved
g (n=18) (n=NA)
§
3
Reports excluded:
Reports assessed for eligbility Non-Goats (n = 2)
(n=18) Non Numerical Data (n = 4)
Mixed Treatments (n = 4)
3 New studies included in review

§ (n=8)

Fig. 1. PRISMA-P flowchart for Literature searching, Screening, Retrieval, Eligibility, and
Inclusion

Table 1. Metadata of studies included in the meta-analysis.

Author Breed M/F  n Time
Xu et al. (2023) Guizhou black M 24 10
Ambore ef al. (2009) Osmanabadi MF 24 12
Khamhan et al. (2023) Crossbred Boer M 20 NA

Kadim et al. (2006)  Dhofari, Batina, Jabal Khaddar M 42 2
Minka et al. (2009)  Red Sokoto MF 60 12
Minka et al. (2009)  Red Sokoto MF 40 12
Nwunuji et al. (2014) Boer F 24 3

Tresia et al. (2023)  Anpera, Boerka M,F 33 72

Data analysis

By using OpenMEE software, meta-analysis was conducted using the
random-effects approach. The random-effects model was chosen over
the fixed-effects model because significant heterogeneity was expected
between studies in terms of goat breeds, and gender. This approach ac-
counts for inter-study heterogeneity, leading in further adaptable and
precise estimations. Standardized mean differences (SMD) were utilized
as the primary effect size measure to analyze the effect of treatment
(transportation stress). The analysis yielded the heterogeneity results as
well and forest plots were reported to visualize the trend across studies
to show distributions of weighing of the impact estimates across the ob-
servation. Sub-group analysis was carried out using categorical variables
such as goat breed and gender. Heterogeneity was assessed using Co-
chran’s Q statistic and I? index.

Results
Standard meta-analysis for body weight

The analysis was carried out using the mean body weights, n, and
SD of the control and treatment groups via random effects model using

Hedges' d for variability across the observations. The overall standardized
mean difference (SMD) showed statistically significant influence of trans-

portation stress on the body weight of goats with SMD of -1.158 (95% Cl:
-1.645 to -0.671), with a standard error of 0.249 (p < 0.001), indicating a
consistent pattern of weight loss following transport (Figs. 2 and 3). The
substantial variability observed among the observations via Q statistic
was 133.97 (df = 24, p < 0.001), and 12 reached 82.1%, confirming a high
level of heterogeneity. The between-study variance (t?) was estimated at
1.220, suggesting that contextual factors.
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Fig. 2. Variation of body weight post-transportation stress across the selected studies.
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Fig 3. Forest plot of standard meta-analysis of body weight.

Subgroup breed

To explore the breed-specific responses in body weight changes un-
der transportation stress, sub-group analysis was carried out using the
continuous random-effects model (DerSimonian-Laird method), to quan-
tify the effect. Boerka goats showed the greatest sensitivity to transport,
with a substantial weight reduction (Hedges' d = -3.401; 95% Cl: —4.194
to —2.608; p < 0.001). Anpera goats also experienced a marked decline (d
=-1.491; 95% Cl: -2.105 to -0.876; p < 0.001), while Boer goats exhibited
(d = -2.821; 95% Cl: -5.142 to —0.500; p = 0.017), though the wide con-
fidence interval suggests variability or small sample sizes.. The compara-
tively more resilient breeds were the Osmanabadi goats that had a neg-
ligible effect size (d = —0.241; p = 0.407), while Crossbred Boer, Dhofari,
Batina, Jabal Khaddar, and Red Sokoto goats also trended toward weight
loss, but their results were not statistically robust. The pooled estimate
across all breeds remained consistent with the main analysis (d = -1.158;
95% Cl: -1.645 to -0.671; p < 0.001), reaffirming that transportation gen-
erally leads to significant weight loss in goats. However, the severity of
the impact clearly varies across the Breeds.

The forest plot displays effect sizes for each breed (Fig. 4). Boerka
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goats stood out with the most extreme value, shown as a long bar well to
the left of the zero line. Anpera and Boer goats also had pronounced bars
indicating significant weight loss. In contrast, breeds with less dramatic
or non-significant changes had shorter bars that crossed or neared the
no-effect line. The pooled effect is shown as a bold diamond (centered
clearly on the negative side) at the bottom of the forest plot.
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Fig. 4. Forest plot of standard meta-analysis of body weight with Breed as subgroup.

Subgroup gender

In order to explore the gender-specific responses in body weight
changes under transportation stress, sub-group analysis was carried out
using the continuous random-effects model (DerSimonian-Laird meth-
od), to quantify the effect. The Sub-Group 1 (Male) is seen to have sta-
tistically significant SMD effect size of —0.855 (95% Cl: —1.346 to —0.365;
p < 0.001). The yellow diamond (overall effect) in the forest plot is to the
left of zero line, confirming the impact (Fig. 5). The Sub-Group 2 (Female)
experienced more substantial weight reduction with a pooled effect size
of —2.692 (95% Cl: —4.157 to —1.227; p < 0.001). In the forest plot, this ef-
fect is represented by a yellow diamond (overall effect) entirely to the far
left of the zero line, signalling both the strength and consistency of the
outcome. The Sub-Group 12 (Males and Females) with mixed or unclassi-
fied gender showed a smaller and non-significant effect (d = -0.649; 95%
Cl: -1.692 to 0.395; p = 0.223). The forest plot reflects this with a yellow
diamond that crosses the null line to the moderate left.

Discussion

This meta-analysis analyzed the 25 study points (observations) origi-
nating from 8 different research studies covering diversity based on goat
breeds, transportation duration (time in hours), and gender (Minka et al,,
2009; Minka and Ayo, 2013; Nwunuj et al,, 2014; Xu et al., 2023; Khamhan
et al, 2023). The most influential study weight effect sizes were attributed
to studies by Ndazo Salka Minka, likely due to larger sample sizes and
lower variance. Some observations including (Nwunuji et al, 2014) re-
ported more pronounced losses, whereas others reported more modest
effects. Overall, the majority of the effect sizes tend to fall on the left side
of the null line as depicted in the forest plot (Fig. 3). This trend towards
the left of zero line indicates a decline in body weight in treatment groups
as compared to control groups reinforcing the idea that transportation
has a detrimental effect on goat body weight. The bluish vertical line

at —=1.158 marks the overall estimate, while the red dashed line at zero
denotes the threshold for no effect. The evidence strongly supported by
SMD and forest plot enforces that transport stress leads to meaningful
weight loss in goats. However, the wide variability in effect sizes points to
potential moderators like breed-specific resilience, environmental stress-
ors, and transport conditions (Minka et al., 2009; Kumar et al., 2021).
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Fig. 5. Forest plot of standard meta-analysis of body weight with Gender as subgroup.
(Denoted as Male:Subgroup 1, Female:Subgroup 2, Mix:Subgroup 12)

Dehydration, reduced feeding, catabolism, disturbed behaviour, mi-
crobiome changes and biochemical alternations are some of the major
effects of transportation stress. The effects are spread across metabolic
disturbances, physiological triggering, and behavioral changes (Hogan et
al., 2007, Wang et al., 2023). Together, these factors influence combine
to loss of body weight, productivity, and well-being (Bhatt et al,, 2021).
The changes pre and post transportation are under the combined ef-
fect of transportation duration, goat breed, goat, gender, climatic con-
ditions, handling methods, vehicle design, food availability, etc (Sejian et
al., 2021). The pre-transport feeding practices and post-tranport recov-
ery practices can largely contribute to combat the loss of body weight
and well-being of the animal (Xu et al., 2023). Some of the precautionary
measures include periodic resting points, pre transport and post trans-
port feeding practices, etc (Yadav et al., 2024). Future research studies are
required to explore the biomarkers of transportation-induced stress to
better predict the susceptible breeds of goats.

The genetics of an individual are one of the major factors that de-
termine the response towards any kind of environmental stressors. The
genetics influence the various metabolic states, overall behaviour to stim-
uli, physiology, excitability, and other responses to stressors (Durosaro et
al., 2023; Mason et al., 2024). The stress responses variation depends on
breed across the livestock including the goats (Durosaro et al., 2023). The
breeds with higher metabolic rates tend to be vulnerable toward the stress
and experience much more dehydration and catabolic losses under these
conditions (Lima et al., 2022). The local breeds that have adapted to their
native habitats are much more resilient to such losses due to tolerance
owing to their evolutionary adaptation and usual environmental shifts
(Sejian et al,, 2021). The studies should focus on applying standardized
transportation protocols across various breeds to assess the breed-spe-
cific responses. Recognizing these differences is essential for developing
targeted management strategies that reduce stress-related losses and
improve the welfare and performance of goats during the finishing and
marketing phases. Boerka and Boer goats likely exhibit higher sensitivity
to transportation stress due to their greater muscle mass, higher basal
metabolic rates, and lower adaptability to environmental changes, which
may accelerate dehydration and catabolic processes. In contrast, Anpera
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goats are moderately sensitive, while Osmanabadi goats show resilience
likely linked to genetic adaptation and efficient water retention mecha-
nisms. These additions provide a deeper understanding of breed-specific
physiological responses (Tresia et al., 2023; Nwunuji et al., 2014).

The gender-based variations are visible due to difference in hormon-
al regulation, stress coping abilities, metabolic states, etc (Aoyama et al.,
2003). The female goats’ livestock generally are more sensitive to envi-
ronmental stressors especially during reproductive stages, lactation, and
ovulation due to metabolic needs, hormonal fluctuations, reduced water
retention ability and generally increased sensitivity (Olsson et al., 2001;
Jaber et al,, 2013). The male goats on the other hand, are comparatively
better at behavioral responses like breathing, movements, and heart rate
that results in less body weight loss under stress (Aoyama et al., 2003;
Kadim et al, 2006; Kitajima, et al., 2021; Khamhan et al.,, 2023; Tresia et
al., 2023). The above variation of effect sized based on genders clearly
depicts the gender-specific trends in weight loss across the 25 observa-
tions under 8 different studies (Kadim et al. 2006; Ambore et al., 2009;
Tresia, et al. 2023). These results can be used to integrate the sex-based
considerations into transport planning, potentially including shorter du-
ration, gentler handling, or post-transport recovery strategies tailored to
more susceptible groups.

Conclusion

This meta-analysis study effectively summarizes that transportation
stress in goats negatively influences body weight on the basis of breed
and gender. These results highlight the necessity of modifying transpor-
tation procedures to accommodate various goat populations’ differing
sensitivities. Stress-related losses can be minimized by improved venti-
lation, lower loading densities, and specialized handling techniques for
females or breeds that are more susceptible into place. Such focused ap-
proaches assist more sustainable and effective goat production systems
by improving animal well-being and lowering economic consequences.
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