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Abstract. This study was conducted to investigate the relationships between
body weight, body measurements and testicular measurements in Saanen kids.
For this purpose, 45 male Saanen kids obtained from goats with synchronized
births were used. Body weight (BW), body measurements such as withers height
(WH), rump height (RH), body length (BL), chest depth (CD), chest girth (CG)
and testicular measurements such as testicular diameter (TD), testicular length
(TL), scrotal circumference (SC), scrotal length (SL), scrotal volume (SV),
testicular volume (TV) were measured in the kids in the first 3 months after birth.
The overall mean values of WH, RH, BL, CD, CG, TD, TL, SC, SL, SV, TV and
BW of the Saanen kids were 48.19+0.44 cm, 47.58+0.54 cm, 45.02+0.45 cm,
17.6940.23 cm, 47.30+£0.54 cm, 2.01+0.05 cm, 3.95+0.09 cm, 9.70+0.27 cm,
56.25+1.37 cm, 43.33+2.38 cm’, 17.34x1.41 cm® and 11.46+0.25 kg,
respectively. The mean values for body weight, body measurements and
testicular measurements differed significantly between all months (p <0.01). The
correlation coefficient between SC and TV was highest (p < 0.01) except for
month 1. In the first month, the correlation coefficient between WH and RH was
the highest, the correlation coefficient between SC and TV was the second
highest (p < 0.01).

Keywords: Body measurement, Testicular measurement, Saanen, Correlation.

1 Introduction

Saanen goats are among the most preferred dairy goat breeds in the world due to their
high milk yield and their pronounced adaptability to different environmental conditions
(Akdag et al., 2011). In addition to milk production, the reproductive performance of
the males also plays a decisive role in the productivity of the herd and the sustainability
of genetic progress. Especially in high-yielding dairy breeds such as the Saanen, early
evaluation of growth and reproductive traits in male kids is of great importance for the
success of breeding programs. In this context, morphological traits such as body weight
and body measurements are important indicators that reflect the animal's general state
of development and health. On the other hand, testicular measurements are widely used
for the selection of future superior male goats (Fonseca et al., 2021). Determining the
relationships between body measurements and testicular traits can enable the early

© The Author(s) 2026

A. M. Bozdogan et al. (eds.), Proceedings of the 5th International Conference on Research of Agricultural and Food
Technologies (I-CRAFT 2025), Atlantis Highlights in Sustainable Development 8,
https://doi.org/10.2991/978-94-6239-666-1_63


http://orcid.org/0000-0002-4221-7449
http://orcid.org/0000-0002-6825-6884
https://doi.org/10.2991/978-94-6239-666-1_63
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6239-666-1_63&domain=pdf

692 M. Durmus and M. C. Giiney

identification of individuals with high reproductive potential. Such information allows
producers to identify superior males at an early age without incurring the cost of kee-
ping unproductive animals. In addition, the amount of the hormone testosterone produ-
ced in the testes affects both the quality and quantity of semen depending on testicular
size (Gofur et al., 2014) and also aids to development of muscular and skeletal system
(Peralta et al., 1994). Therefore, the amount of testosterone produced in relation to tes-
ticular size is crucial for healthy growth and development in kids and for ensuring sus-
tainable reproductive performance later in life. However, there are few studies on this
topic and there is a need for comprehensive data analysis, particularly in Saanen kids.
Correlation analysis is needed to examine the relationships between body and testicular
measurements of Saanen kids. The correlation coefficient found in the correlation
analysis measures the direction and strength of the relationship between two measure-
ments (Schober et al., 2018).

The aim of this study was to evaluate the relationships between live weight and body
measurements such as withers height, rump height, body length, chest depth and chest
circumference, and testicular traits such as testicular diameter and length, scrotal cir-
cumference and length, scrotal volume and testicular volume in male Saanen offsp-
ring.The findings are intended to provide a scientific basis for early breeding selection
in dairy goat breeding. The correlation analysis of body measurements and testicular
measurements in Saanen kids can provide valuable information for genetic selection,
nutritional management and the development of breeding strategies.

2 Material and Method

The present study was conducted in the eastern Mediterranean region, where subtropi-
cal climatic conditions prevail. The province of Adana, where the study was conducted,
is a province in the Mediterranean region located at 37° north latitude and 35° east lon-
gitude and 40 meters above sea level. Summers in the region are hot and dry, while
winters are warm and rainy. The annual average humidity is 66% and the prevailing
winds come from the north and south. Due to the differences in pressure throughout the
seasons, the winds can blow from both directions. However, in summer they generally
blow from the south and southwest and in winter from the north.

The present study was conducted on 45 male kid obtained from Saanen goats raised
in Cukurova University, Faculty of Agriculture, Dairy Goat Breeding Research and
Application Unit, Adana, Tiirkiye. The kids used for the experiment were weaned ac-
cording to standard farm routines. Accordingly, the kids were fed a sufficient amount
of colostrum in the first few days after birth. They then remained with their dams until
they were one month old and began to consume roughage and concentrates from the
second week onwards. When the kids were one month old, they were separated from
their dams during the day and reunited with them overnight after the evening milking.
At the age of 1.5 months, the kids were then allowed to stay with their dams for two
hours after both the morning and evening milking. When the kids were three months
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old, they were completely weaned. After the 2nd weeks to kids were fed with concent-
rated feed having 16% HP and 2400 kcal/kg energy content and alfalfa hay having
about 14% HP content as roughage.

After birth, the body weight, body measurements (withers height, rump height, body
length, chest depth, chest girth) and testicular measurements (testicular diameter, testi-
cular length, scrotal circumference, scrotal length, scrotal volume and testicular vo-
lume) of the kids were determined at one, two and three months of age. Accordingly,
the body weight (BW) of the animals was determined at one, two, and three months of
age by individual weighing with a digital scale (TEM, EKO-600) with an accuracy of
50 g on the same day. The withers height, rump height, body length and chest depth of
the kids were measured with a measuring stick, and the chest girth was measured with
a measuring tape. The testicular diameter and testicular length of the kids were measu-
red with a caliper, scrotal circumference and scrotal length were measured with a tape
and scrotal volume was measured with a measuring container. Testicular volume of
kids were determined according to Godfrey et al. (1998). Body measurements and other
testicular measurements were taken as follow.

Withers height (WH, cm): The vertical distance between the highest point of the
withers and the ground level.

Rump height (RH, cm): The vertical distance between the highest point of the rump
and the ground level.

Body length (BL, cm): The body length was determined by measuring the distance
between the tip of the shoulder and the hip bone tip.

Chest depth (CD, cm): The vertical distance between the highest point of the withers
and the sternum.

Chest girth (CG, cm): The length of a 360° circumference measured from the back
of the withers, above the sternum.

Testicular diameter (TD, cm): The testicular diameter was determined by measuring
the widest part of each testicle.

Testicular length (TL, cm): Testicular length was determined by measuring the
length between the tip of the testis and the epididymis.

Scrotal circumference (SC, cm): Scrotal circumference was determined by measu-
ring the circumference of a pair of testicles at the widest point.

Scrotal length (SL, cm): Scrotal length was determined by measuring the distance
from the point where the scrotum joins the inguinal region to the tip.

Scrotal volume (SV, cm?): The scrotal volume was determined by measuring the
amount of water displaced by the testis from a measuring container.

Testicular volume (TV, cm®): 0.0396 x (average testis length) x (scrotal circumfe-
rence)?.

Data collected were analyzed using SPSS 25 V. Descriptive statistics (Means = SE)
of body weight, body measurements, and testicular measurements taken in the first 3
months after birth were given. The differences between the three months were analyzed
using the Friedman test. Where statistically significant differences were observed, pair-
wise comparisons were conducted using the Wilcoxon signed-rank test. The signifi-
cance threshold was adjusted using the Bonferroni correction to control for Type I error
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in multiple comparisons (a/3). Relationships between the body weight, body measure-
ments and testicular measurements were calculated by Spearman’s rank correlation co-
efficient.

3 Results and Discussion

Descriptive statistics (Means + SE) of body weight, body measurements and testicular
measurements have been presented in different months in Table 1. The normality as-
sumption for the three repeated measurements was assessed using the Shapiro—Wilk
test. Since the assumption was violated in at least one of the month (p < 0.05 or p <
0.01), the non-parametric Friedman test was employed instead of repeated measures
ANOVA to evaluate differences across the three months. The results indicated a statis-
tically significant difference among the months for all measurements (p < 0.01).

Table 1. Body measurements, testicular measurements and body weight of Saanen kids accor-
ding to months.

Varia- Month 1 Month 2 Month 3 Overall

bles
BW 7.53+£0.12 11.49+0.31 15.37+0.33 11.46+0.25
WH 43.80+0.35 48.37+0.49 52.41+0.49 48.19+0.44
RH 43.84+0.38 47.52+0.63 51.40+0.63 47.58+0.54
BL 41.59+0.45 43.94+0.45 49.53+0.45 45.02+0.45
CD 15.63+0.19 17.59+0.25 19.86+0.25 17.69+0.23
CG 43.69+0.44 46.38+0.59 51.84+0.59 47.30+0.54
D 1.49+0.04 2.12+0.06 2.44+0.06 2.01+0.05
TL 3.16+0.07 4.15+0.11 4.54+0.11 3.95+0.09
SC 7.4240.17 10.46+0.33 11.23+0.31 9.70+0.27
SL 49.20+1.17 55.43+1.42 64.14+1.52 56.25+1.37
SV 12.1740.86 40.65+2.98 77.19+3.31 43.33+£2.38
TV 7.3240.49 19.97+1.76 24.73+£1.98 17.34+1.41

BW: body weight, WH: withers height, RH: rump height, BL: body leght, CD: chest depth,
CG: chest girth, TD: testicular diameter, TL: testicular length, SC: scrotal circumference, SL:
scrotal length, SV: scrotal valume, TV: testicular volume.

As a result of Wilcoxon signed-rank test with Bonferroni correction post hoc test, a
statistically significant difference was found between the 1st month and the 2nd and
3rd month, as well as between the 2nd month and the 3rd month in terms of body
weight, all body measurements and all testis measurements (p < 0.0167). All means
increased progressively from Month 1 to Month 3.

Changes in body weights, body measurements and testicular measurements in Saa-
nen kids during the first 3 months are given in Figure 1, 2 and 3.
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Fig. 1. Changes in body weights (kg) and body measurements (cm) in Saanen kids during the
first 3 months.
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Fig. 2. Changes in body weights (kg) and testicular measurements (cm) in Saanen kids during
the first 3 months.
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Fig. 3. Changes in body weights (kg) and testicular measurements (cm?) in Saanen kids during

the first 3 months.

The relationships between body weights, body and testicular measurements of Saanen
kids at month 1 in Table 2. Due to the non-normal distribution of some variables, Spe-
arman’s rank correlation coefficient was used to assess the relationships between vari-

ables (Kornbrot, 2005; 2014).

When the 1rd month measurements are analyzed, the correlation coefficient between
WH and RH (r = 0.97) was the highest. The correlation coefficient between SC and TV
(r = 0.95) was the second highest. In addition, except for the correlations between BW
and WH, RH, BL, CD, CG, SC, SL, SV, TV and between BL and SV, all other corre-
lations among the variables were statistically significant (p < 0.05 or p <0.01).

Table 2. Correlations coefficients (r) between body measurements, testicular measurements and

body weights (Month 1).

Variable B w RH BL ) cG ™ TL sc sL sV TV
w H

BW (kg) 1 0. 0.1 0.1 0.1 0.2 0.3 0.3 0.1 0.2 0.2 0.24%
23NS 9NS ZNS 4NS ONS 1* 3* 8NS 7NS 1NS

WH 1 0.9 0.6 0.7 0.8 0.6 0.5 0.6 0.5 0.3 0.62**
(cm) 7** 1** 9** 1** 3** 9** 2** 5** 9**

RH (cm) 1 0.5 0.7 0.8 0.6 0.6 0.6 0.5 0.3 0.62**
7** 7** 3** 4** 0** 1** 6** 7*

BL (cm) 1 0.6 0.5 0.5 0.4 0.5 0.5 0.2 0.60**
2** 6** 3** 9** 9** 5** 8NS

CD (cm) 1 0.8 0.6 0.5 0.6 0.6 0.4 0.60**
4** 5** 9** O** 0** 6**

CG (cm) 1 0.7 0.7 0.7 0.6 0.5 0.78**
1** 3** 7** 6** 7**

D (cm) 1 0.7 0.6 0.6 0.5 0.74**
1** 9** 1** 4**
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TL (cm) 1 0.7 0.7 0.5 0.88**
2** 3** 1**

SC (cm) 1 0.6 0.5 0.95**
9** 3**

SL (cm) 1 0.4 0.73**
4**

SV (cm3) 1 0.56**

TV (cm3) 1

BW: body weight, WH: withers height, RH: rump height, BL: body leght, CD: chest
depth, CG: chest girth, TD: testicular diameter, TL: testicular length, SC: scrotal cir-
cumference, SL: scrotal length, SV: scrotal valume, TV: testicular volume. NS: P >
0.05, *: p<0.05, **: p <0.01, marked correlation is the highest correlation.

In Table 2, the lower or statistically not significant correlations between body weight
and some testicular and body measurements at one month can be explained by the kids'
early stages of anatomical and physiological development. Because testes are relatively
small at this stage, testosterone production, which affects the musculoskeletal system
and testicular size, is lower than at later ages. However, these correlations were obser-
ved to strengthen with the increase in testosterone production due to testicular develop-
ment in the second and third months. Similar results were reported by Koyuncu et al.
(2005), who stated that the relationships between body and testicular variables become
more pronounced as development progresses. The relationships between body weights,
body and testicular measurements of Saanen kids at month 2 in Table 3.

Table 3. Correlations coefficients (r) between body measurements, testicular measurements and
body weights (Month 2).

Vari- B w RH BL [¢)] CcG ™ TL e SL sV v
able w H

BW (kg) 1 0.7 0.6 0.4 0.6 0.7 0.7 0.7 0.6 0.6 0.5 0.7
3** 9** 8** 8** 9** 2** 6** 5** 5** 8** 1**

WH 1 0.8 0.5 0.7 0.8 0.7 0.6 0.7 0.5 0.6 0.7
(Cm) 7** 8** 1** 1** 2** 7** 2** 7** 0** 4**

RH (cm) 1 0.5 0.7 0.8 0.7 0.7 0.7 0.5 0.6 0.7
8** 2** 0** 1** 1** 0** 8** 2** 2**

BL (cm) 1 0.6 0.7 0.6 0.6 0.6 0.5 0.5 0.6
6** 1** 5** 1** 1** 7** 1** 2**

CD (cm) 1 0.8 0.8 0.8 0.6 0.6 0.5 0.7
8** 3** 0** 9** 8** 8** 5**

CG (cm) 1 0.8 0.8 0.7 0.7 0.6 0.8
5** 5** 7** 3** 8** 1**

TD (cm) 1 0.9 0.8 0.8 0.6 0.8
0** 1** 3** 8** 6**

TL (cm) 1 0.8 0.9 0.7 0.9
6** 0** 0** 2**

SC (cm) 1 0.7 0.7 0.9
8** 9** 8**

SL (cm) 1 0.7 0.8
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sV 1 0.7
(cm3) 7*%

TV 1
(cm?)

BW: body weight, WH: withers height, RH: rump height, BL: body leght, CD: chest
depth, CG: chest girth, TD: testicular diameter, TL: testicular length, SC: scrotal cir-
cumference, SL: scrotal length, SV: scrotal valume, TV: testicular volume. **: p <0.01,
marked correlation is the highest correlation

When the 2nd month measurements are analyzed, the correlation coefficient between
SC and TV (r = 0.98) was the highest and this correlation was statistically significant
(p <0.01). Moreover, comparing Table 2 and Table 3, there have been increases in the
correlation between many variables.

Selection for fertility in sheep can be done effectively by identifying correlated traits
in young rams, such as testicular size (Land and Carr, 1975). In addition, Dyrmundsson
(1973) emphasized that body weight is a more reliable indicator of the onset of puberty
than chronological age. Testicular size has been shown to have a significant positive
correlation with ejaculate volume, sperm concentration and viability, while it is nega-
tively associated with the proportion of abnormal sperm. These relationships have been
confirmed in various livestock species such as cattle, goats and pigs (Condorelli et al.,
2013; Jacyno et al., 2015; Almaguer et al., 2017; Hagiya et al., 2018). In addition to the
effect on male reproductive performance, testicular size also influences the annual num-
ber of litters produced (Serdar et al., 2021). Yadav et al. (2019) reported a significant
positive correlation between scrotal circumference and testicular volume, sperm motil-
ity and overall sperm movement in buffalo bulls. These results emphasize testicular
development as one of the most effective indicators for the evaluation of male fertility.
In the present study, body weight and morphometric traits, including testicular dimen-
sions, were found to be positively and often highly significantly correlated in male kids.
In particular, the strong correlation between scrotal circumference (SC) and testicular
volume (TV) (r = 0.98, p < 0.01) emphasizes the potential use of these parameters in
the selection of prepubertal male breeding. This result supports previous studies demon-
strating the importance of testicular size as an important predictor of male reproductive
ability.

The relationships between body weights, body and testicular measurements of
Saanen kids at month 3 in Table 4. When the 3rd month measurements are analyzed,
the correlation coefficient between SC and TV was the highest (r =0.98, p <0.01). The
correlation coefficient between CD and CG and between TL and TV was the second
highest (r = 0.95, p < 0.01) (Table 4). Moreover, comparing Table 3 and Table 4, the
correlations between the variables did not major change.

Table 4. Correlations coefficients (r) between body measurements, testicular measurements and
body weights (Month 3).

Va- BW WH RH BL cb CG TD TL SC SL sv TV
riable
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BW 1 0.60**  0.59** 0.45** 0.59** 0.71** 0.63** 0.67** 0.61** 0.56** 0.60** 0.65**

(kg)

WH 1 0.87**  0.58** 0.71** 0.81** 0.69** 0.66** 0.70%*  0.54** 0.56%* 0.71**
(cm)

RH 1 0.58** 0.72**  0.80** 0.66** 0.66** 0.68**  0.52** 0.55** 0.69**
(cm)

BL 1 0.66*%* 0.71** 0.66** 0.61** 0.61**  0.53** 0.49** 0.61**
(em)

cD 1 0.88**  0.72** 0.72** 0.66**  0.63** 0.52%* 0.69%*
(cm)

cG 1 0.78*%*  0.79%** 0.76%*  0.69** 0.65** 0.78**
(em)

™ 1 0.87**  0.84**  0.82** (0.74** 0.86%*
(cm)

T 1 0.90%*  0.90%* 0.74%*  0.95%*
(cm)

sC 1 0.83**  0.83**  0.98**
(cm)

SL 1 0.75**  0.86**
(cm)

sV 1 0.80**
(cm?)

v 1
(cm3)

BW: body weight, WH: withers height, RH: rump height, BL: body leght, CD: chest depth,
CG: chest girth, TD: testicular diameter, TL: testicular length, SC: scrotal circumference, SL:
scrotal length, SV: scrotal valume, TV: testicular volume. **: p <0.01, marked correlation is the
highest correlation

Androgens such as testosterone promote muscle development, bone growth and
metabolic activity in males (Clarke et al., 2012; Rizk et al., 2023). These hormonal
effects lead to higher growth rates, higher feed efficiency and greater muscle develop-
ment. High correlations were found between measurements such as testicular length
(TL), testicular diameter (TD), and testicular volume (TV) and structural body meas-
urements such as chest girth (CG), body length (BL), and chest depth (CD). This sug-
gests that body development and reproductive system development proceed in parallel.
Therefore, overall growth performance may be an important determinant of potential
reproductive success. Furthermore, previous studies have clearly demonstrated that tes-
ticular volume and scrotal volume are highly correlated with sperm production and tes-
tosterone levels (Marire et al., 1991; Chen et al., 2024). Therefore, testicular measure-
ments are parameters that reflect not only morphological but also functional efficiency.
The results of our study support these approaches.

Table 5. Correlations coefficients (r) between body measurements, testicular measurements and

body weights (Overall).
Variable  BW _WH RH BL D cG ™ L sC sL sV v
BW(kg) 1  0.69** 0.66** 045** 0.63** 0.76** 0.70** 0.73** 0.65** 064** 061** 0.69**
WH (cm) 1 0.89** 0.64** 0.78** 0.86** 0.76** 0.72** 0.77** 0.65** 0.67** 0.76**
RH (cm) 1 0.61%%  0.74*%  0.83**  0.75*%  0.74**  0.77** 0.65** 0.66** 0.75**
BL (cm) 1 0.71%%  0.71%%  0.70%* 0.62** 0.66** 0.65** 0.55%** 0.66**

CD (cm) 1 0.89** 0.77** 0.74**  0.72**  0.69** 0.62**  0.74**
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CG (cm) 1 0.79**  0.84** 0.80** 0.75** 0.73** 0.83**
TD (cm) 1 0.83**  0.82** 0.81** 0.73** (0.83**
TL (cm) 1 0.91%*  0.91%* 0.77** 0.95%*
SC (cm) 1 0.86**  0.81**  0.98**
SL (cm) 1 0.77**  0.89**
SV (cm?) 1 0.81%*
TV (cm3) 1

BW: body weight, WH: withers height, RH: rump height, BL: body leght, CD: chest depth,
CG: chest girth, TD: testicular diameter, TL: testicular length, SC: scrotal circumference, SL:
scrotal length, SV: scrotal valume, TV: testicular volume. **:p<0.01, marked correlation is the
highest correlation

When 3 months together measurements are analysed, the correlation coefficient be-
tween SC and TV was the highest (r = 0.98, p < 0.01). The correlation coefficient be-
tween TL and TV was the second highest (r = 0.95, p < 0.01). In general, the high
correlations detected between testicular and body measurements provide important
contributions to the definition of reliable biometric indicators that can be used in early
age breeding selection in dairy goat breeds.

4 Conclusion

This study found that body weight, morphological body measurements and testicular
measurements were found to be statistically significantly different in male Saanen kids
in the first three months after birth. The highest values for all variables were recorded
in the third month.

The data obtained strong positive correlation between scrotal circumference (SC)
and testicular volume (TV), which reached its highest value in overall (r = 0.98, p <
0.01). The correlations between testicular length (TL) and testicular volume (TV), tes-
ticular length (TL) and scrotal circumference (SC), testicular length (TL) and scrotal
volume (SL) as well as between chest depth (CD) and chest girth (CG), withers height
(WH) and rump height (RH), scrotal length (SL) and testicular volume (TV) were also
high in overall.

In the first month, correlations between body weight and some testicular traits were
limited, and some were not statistically significant. This could be due to the incomplete
anatomical development of the kid. However, these correlations became stronger in the
second and third months, and the relationship between body weight and testicular de-
velopment became clearer. This suggests that early growth performance may be closely
related to reproductive ability.

Overall, the strong correlation between scrotal circumference (SC) and testicular
volume (TV) suggests that this measurement can be used as a practical and reliable
indicator for breeding selection. Morphological body measurements and testicular ex-
aminations at an early age can facilitate the selection of males with high reproductive
potential and thus contribute to more effective and targeted genetic breeding programs
in dairy goat herds. Therefore, further evaluation of parameters such as hormone levels
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and semen quality in future studies in addition to the measurements considered in this
study is crucial to confirm these results.
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