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ABSTRACT: Present study analyzed the changes in peripheral blood testosterone concentrations and testicular cytogram in relation to
age and semen quality in crossbred males. Three different age groups of crossbred males viz. bull calves (6 months, n = 5), young bulls
(15 months, n = 5) and adult bulls (4 to 6 years, n = 8) were utilized for the study. Testicular fine needle aspiration cytology technique
was used to quantify testicular cytology and their indices. Peripheral blood testosterone concentrations were measured using enzymelinked immunosorbent assay method. Semen samples collected from adult bulls were microscopically evaluated for quality parameters.
Mean peripheral blood testosterone concentrations in bull calves, young bulls and adult bulls were 2.28±0.09 ng/mL, 1.42±0.22 ng/mL
and 5.66±1.08 ng/mL respectively, and that in adult bulls were significantly different (p<0.01) from young bulls and bull calves. There
was no significant difference between the proportion of different testicular cells in bull calves and young bulls. Between young and adult
bulls, significant differences (p<0.01) were observed in the proportion of spermatocytes, spermatozoa, and sperm: Sertoli cell ratio. The
proportions of Sertoli cells showed a significant difference (p<0.01) between the three age groups. The number of primary
spermatocytes had a positive correlation with peripheral blood testosterone concentrations in bull calves (r = 0.719, p<0.01). Number of
Sertoli cells per 100 germ cells was negatively correlated with blood testosterone concentration in young bulls (r = –0.713, p<0.01).
Among different semen parameters in adult bulls, ejaculate volume (r = 0.790, p<0.05) had positive relationship, and sperm motility had
significant negative correlation (r = –0.711, p<0.05) with testosterone concentrations. The number of Sertoli cells and Sertoli cell index
had a positive correlation with various semen quality parameters (p<0.001). Results of the present study conclude that number of Sertoli
cells and Sertoli cell index are good indicators of semen quality, but peripheral blood testosterone concentrations may not have a direct
relationship with various seminal attributes in crossbred bulls. (Key Words: Fine Needle Aspiration Cytology, Testicular Cytogram,
Testicular Cell Indices, Crossbred Bulls)

INTRODUCTION
Crossbreeding of low producing zebu (Bos indicus)
cattle with high profile exotic breeds (Bos taurus) is widely
adopted to improve the milk productivity in developing
countries. Several crossbreds have been developed during
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the last few decades with substantially greater productivity
than their purebred counterparts (Singh, 2005). Although,
reported fertility problems in crossbred females are low, the
incidence of infertility is very high in crossbred males
(Mukhopadhyay et al., 2010; Khatun et al., 2013). Infertility
or sub-fertility in crossbred males due to poor semen quality,
poor libido and poor freezability are major problems to
reject several bulls at semen stations (Vijetha et al., 2014).
In several studies conducted in India, it was found that
nearly 50% crossbred males were removed from breeding
stocks due to low quality semen production (Sudheer and
Xavier, 2000; Mathur et al., 2002; Mukhopadhyay et al.,
2010; Khatun et al., 2013; Rajak et al., 2013). This slows
Copyright © 2014 by Asian-Australasian Journal of Animal Sciences
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the genetic improvement programmes, which can cause
heavy economic losses in terms of time, labour and money
in rearing infertile bulls up to semen collection age.
Poor semen quality may be attributed to impaired
spermatogenesis, endocrine disturbances, alterations in
microenvironment of seminiferous tubules, aberrations
during epididymal transit and accessory gland infections
(Robaire and Viger, 1995; Hinton et al., 1996). The latter
two factors can be diagnosed readily by observing the
spermatozoa for maturation associated changes (e.g.
protoplasmic droplets) and deviations in the quality of
seminal plasma (Hinton et al., 1996); however, the other
factors also need to be investigated. Testosterone in males is
responsible for libido, normal spermatogenesis and normal
function of the reproductive tract (McLachlau et al., 1996;
Goeritz et al., 2003). Insufficient amount of androgen leads
to an immediate arrest in meiotic transformation of primary
spermatocytes to spermatids which causes an effective
block in sperm production (Suresh et al., 1995). Several
studies have analyzed the relationship between serum
testosterone concentration, sperm quality and fertility in
bulls with few reporting a strong relationship (Wolfe, 1996;
Tuli et al., 1991; Javed et al., 2000) while others did not
find any relationship (Schallenberger et al., 1991;
Sekasiddhi and Buban, 1997; Santos et al., 2004; Rajak et
al., 2014). Substantial differences were reported in the
plasma testosterone concentration between various breeds
of bulls (Post and Bindon, 1983; Chase et al., 1997), with
temperate breeds (Bos taurus) having higher testosterone
concentration than tropical cattle (Chase et al., 1997),
however studies in this aspect are limited in crossbred bulls.
Similarly, the relationship among testicular cytology, their
indices and testosterone concentrations of bulls have not
been studied in detail.
Production of fertile sperm is a function of normal
mitosis and meiosis of germ cell and proper function of
germ and Sertoli cells would give idea about the semen
quality (Johnson, 1991). Since the quality of spermatozoa
reflects the health of seminiferous tubules, and proportion
of different cells of seminiferous tubules, especially the
germ cells and Sertoli cells, it could be used to assess the
status of spermatogenesis. Many researchers reported that
number of Sertoli cells is highly correlated to sperm
production ability of animals (Russell and Peterson, 1984;
França and Russell, 1998; Leal et al., 2004). Interestingly
reports are also available that testosterone plays an
important role in the proliferation of Sertoli cells, even
within the developing testis itself (Johnston et al., 2004;
Scott et al., 2007; 2008; Sharpe, 2010). But information on
the relationship among these three parameters, i.e.
testosterone concentration, number of testicular cells and
various semen quality parameters, are very limited in bulls
(Chapwanya et al., 2008). Therefore, the present study was
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conducted to determine the relationship among peripheral
blood testosterone concentrations, different testicular cells
and their indices and semen quality in crossbred bulls of
different age groups.
MATERIAL AND METHODS
Experimental animals and their management
The present investigation was conducted on Karan Fries
crossbred bulls (Holstein Friesian×Tharparkar) maintained
at Artificial Breeding Research Centre and Livestock
Research Centre, National Dairy Research Institute (NDRI),
Karnal, India. Three subject groups viz. bull calves (6
months age, n = 5), young bulls (15 months age, n = 5) and
adult bulls (4 to 6 years age, n = 8) were selected randomly
to study the parameters at pre-pubertal, pubertal and adult
stages of life.
Adult and young bulls were kept in individual pens
(30×10) on concrete floor and the bull calves were kept
under group system of housing. The adult and young bulls
were fed with ad libitum green fodder and measured
quantities of concentrate (2.5 kg/d for adult bulls and 1.5
kg/d for young bulls) containing 21% crude protein and
70% total digestible nutrients. Vaccinations, de-worming,
regular check-up for communicable diseases and other
herd-health programmes were followed as per standard
farm schedule, to protect the animals from diseases. All the
experimental procedures and animal experimentation
methods were approved by the Institutional Animal Ethical
Committee of NDRI (No. IAEC/5/11).
Blood sample collection and testosterone estimation
Three blood samples were collected on three
consecutive days at 8:00 am from all the experimental
animals from jugular vein using 9 mL vacutainer tubes (BD
vacutainer, Franklin Lakes, NJ, USA) without anticoagulant
for testosterone estimation. The blood samples were
allowed to clot for 4 to 5 hours at 4°C to 5°C, serum was
separated by centrifugation (1,500 g; 15 min) and the
testosterone concentrations were estimated using bovine
testosterone enzyme-linked immunosorbent assay Kit
(Endocrine Technologies Inc, Newark, CA, USA). The
sensitivity of the test was 20 pg/mL and the reliability was
checked using reference positive control.
Testicular cytology and estimation of cell indices
For testicular fine needle aspiration cytology, animals
were restrained properly and epidural anaesthesia (2%
Lignocaine hydrochloride; Dosages, 2 to 3 mL in bull
calves, 4 to 5 mL in young bulls and 7 to 10 mL in adult
bulls) was administered at sacro-coccygeal junction. A 22
gauge needle was inserted through the scrotum into the
posterior part of the testis at right angle. When plunger was
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pulled back, the needle was moved little forward and
backward within the testis two to three times for
approximately 4 seconds for dislodging of cells and easy
suction into the needle. Two aspirations per each testis were
taken from all the animals. The aspirate was expelled on a
clean glass slide and a thin smear was prepared using
another slide. Four slides per animal were prepared for
analysis.
The smears were stained with May-Grunwald Giemsa
(Wild-Leitz, Wetzlar, Germany) stain. After air drying, the
smear was immersed in methanol for 15 minutes; washed in
running tap water for one minute, and smear was air dried
and then stained with diluted May-Grunwald stain (1:1 with
phosphate-buffered saline [PBS]) for 15 minutes. The smear
was washed with tap water and air dried. Diluted Giemsa
stain (1:3 with PBS) was then poured on the smear and
allowed to stain for 45 minutes before washing and air
drying. The smear was examined under phase contrast
microscope at 400× and 1,000× magnifications (Nikon
Eclipse E600, Tokyo, Japan). A total 200 clearly identifiable
cells were counted from each slide for analysing the number
of various testicular cells and their indices.
Different spermatogenic cells (spermatogonia, primary
spermatocytes, early spermatids, late spermatids and
spermatozoa) and Sertoli cells were identified according to
their distinct morphological characteristics as described by
Leme and Papa (2010) and Santos et al. (2010). Different
testicular cell indices viz. spermatic index (number of
spermatozoa per 100 spermatogenic cells), Sertoli cell index
(number of Sertoli cell per 100 spermatogenic cells), sperm:
Sertoli cell ratio (ratio of number of spermatozoa to the
number of Sertoli cells), spermatogenic:Sertoli cell ratio
(ratio of total no. of spermatogenic cell to total number of
Sertoli cells) were also estimated.
Semen quality assessment in adult bulls
Sixteen ejaculates (weekly once, for four months) were
collected from each adult bull (n = 8) at 8:00 am, using
artificial vagina method and microscopically examined for
mass activity, individual motility, sperm concentration,
percentages of live, acrosome intact and membrane intact
spermatozoa.
The mass activity and individual motility was estimated
using microscope. The sperm concentration was estimated
using the Haemocytometer (improved Neubauer’s chamber)
as described by Salisbury et al. (1985). Percentage of live
spermatozoa was determined by Eosin-Nigrosin staining
(Campbell et al., 1953). Total or partly stained spermatozoa
were considered as dead. Percentage of spermatozoa with
intact acrosome was evaluated on 1,000× magnification by
Giemsa staining method as per procedure given by Watson
(1975). The percentage of membrane intact spermatozoa

was evaluated using hypo-osmotic swelling test method as
described by Jeyandran et al. (1984) using hypo osmotic
solution containing sodium citrate and fructose (150
mOsm/L). Sperms with coiled tail were considered as
membrane intact sperms and those with straight tail as
membrane damaged sperms. For analysing live, acrosome
intact and membrane intact spermatozoa, at least 200
sperms per smear were counted using tally counter. All
semen evaluations were performed by same person
throughout the study.
Statistical analysis
Descriptive statistics were calculated for testosterone
concentrations, testicular cells and their indices in different
experimental groups and the results are represented as mean
±standard error (SE). One way analysis of variance was
performed to compare the testosterone concentrations,
testicular cells and their indices in different categories of
bulls. Pearson product moment correlation was used for the
analysis of correlation among testosterone concentrations,
seminal parameters and number of different testicular cells
and indices in different categories. When the p value was
<0.05, the means were considered to be significantly
different between the groups. The analyses were performed
using Sigma Plot 11 software package (Systat software Inc.,
San Jose, CA, USA).
RESULTS
Peripheral blood testosterone concentrations
The peripheral blood testosterone concentrations in
animals of different experimental groups are shown in
Figure 1. Differences in testosterone concentrations were
observed between adult bulls and bull calves (p<0.001) and
young and adult bulls (p<0.001). But, there was no
difference in testosterone concentrations between bull
calves and young bulls.
Testicular cells and their indices
Different cells in the testicular aspirate are shown in
Figure 2. Different cell counts in testicular fine needle
aspiration cytology of bull calves, young bulls and adult
bulls are presented in Table 1. The proportion of testicular
cells and their indices did not differ between bull calves and
young bulls, except for spermatozoa, which were absent in
bull calves. But between young and adult bulls, the numbers
of spermatocytes and spermatozoa, spermatic index, and
sperm-Sertoli cell ratio were different (p<0.01). The
proportion of Sertoli cells in bull calves, young bulls and
adult bulls did not have significant difference between the
groups.
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Figure 1. Peripheral blood serum testosterone concentrations (mean±standard error) in crossbred males of different age groups (mean
with different superscript differ significantly at p<0.001).

Relationship of testicular cells and indices with
testosterone concentration
The correlation between different testicular cell and
their indices with peripheral testosterone concentration in
different age groups are depicted in Table 2. In bull calves,
the proportions of spermatocytes were positively correlated
and the spermatogenic:Sertoli cell ratio was negatively
correlated with testosterone concentrations (P<0.01). In
young bulls, the number of Sertoli cells per 100 germ cells
was negatively correlated with testosterone concentration
(p<0.01). However, there was no significant relationship
between any of the testicular cells and their indices with
testosterone concentrations in adult bulls.
Relationship between testosterone concentration and
seminal characteristics
The mean (±SE) of mass activity, individual motility
(%), viability (%), acrosomal integrity (%), and membrane
intact spermatozoa (%) were 2.38±0.31, 55.61±4.16,
68.79±4.95, 97.44±0.19, and 41.69±2.93, respectively. The
relationship between blood testosterone concentrations and
seminal attributes of bulls are given in Table 3. The

peripheral blood testosterone concentrations were positively
correlated with ejaculate volume and negatively correlated
with individual motility (p<0.05). The other semen
parameters studied did not have any sensible correlation
with blood testosterone concentrations.
Relationship of testicular cells and indices with seminal
parameters
The relationship among testicular cells, their indices and
seminal parameters in adult bulls are presented in Table 4.
The proportion of spermatogonia in testicular cytology had
positive correlation with ejaculate volume (p<0.01), mass
activity (p<0.05) and individual motility (p<0.05) of
spermatozoa. The proportion of spermatocytes in testicular
cytology had negative correlation with mass activity
(p<0.01) and individual motility, but the proportion of early
spermatids had significant negative correlation (p<0.01)
with volume, mass activity, individual motility and viability
of spermatozoa. Both, the proportion of spermatozoa and
Sertoli cells were positively correlated with mass activity
(p<0.001),
individual
motility (p<0.001),
sperm
concentration (p<0.05) and membrane integrity (p<0.001).

Figure 2. Testicular cytogram at 1) 400× and 2) 1,000× magnifications. Testicular cells were extracted from live bulls using fine needle
aspiration and smear was stained withMay-Grunwald Giemsa method. A, Spermatogonia; B, Spermatocyte; C, Round spermatid; D,
Elongated spermatid; E, Sertoli cell.
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Table 1. Different testicular cells (%) and their indices in crossbred males of different age groups
Bull calves
Young bulls
Parameters
(6 months; n = 5)
(15 months; n = 5)
Testicular cells (%)
Spermatogonia
16.6 ±1.99
13.0 ±3.39
Primary Spermatocytes
28.4ab ±2.46
35.8a ±2.17
Early spermatids
19.4 ±2.82
19.8 ±3.15
Late spermatids
21.4 ±1.72
13.2 ±3.72
Spermatozoa
4.0a ±0.77
Sertoli cells
14.2 ±1.93
14.2 ±2.75
Testicular cell indices
Spermatic index
4.99a ±1.10
Sertoli cell index
16.78 ±2.65
17.94 ±3.98
Sperm:Sertoli cell ratio
0.31a ±0.05
Spermatogenic:Sertoli cell ratio
6.62 ±1.09
7.10 ±1.81
Sertoli cells/100 germ cells
16.78 ±2.65
17.03 ±3.75

Adult bulls
(4 to 6 years; n = 8)
10.0 ±0.59
23.87b ±1.67
21.50 ±3.71
12.50 ±2.17
14.0b ±2.08
18.12 ±2.82
23.02b ±4.93
29.91 ±6.55
0.78b ±0.03
4.85 ±1.04
23.18 ±4.10

Means with different superscripts within a row differ significantly between different age groups (p<0.01).

However, the viability of spermatozoa had positive
correlation with the number of Sertoli cells (p<0.001).
Among the testicular cell indices, spermatic and Sertoli cell
index had positive correlation with mass activity (p<0.001),
individual motility (p<0.001), sperm concentration (p<0.05)
and membrane integrity (p<0.001). The spermatic index
also had positive correlation with viability of spermatozoa.
Sperm:Sertoli cell ratio and spermatogenic to Sertoli cell
ratio had negative correlation with mass activity (p<0.001),
individual motility (p<0.001), viability (p<0.001) and
membrane integrity (p<0.005) of spermatozoa, but
spermatogenic to Sertoli cell ratio had negative correlation
with sperm concentration (p<0.05).
DISCUSSION
Subfertility in breeding bulls is a serious problem
limiting the success of artificial breeding programme in
cattle. Specifically, the magnitude of fertility problems is

Table 3. Correlation coefficients for association of testosterone
concentrations and seminal characteristics in adult bulls (n = 8)
Serum testosterone
Parameters
concentration
Volume (mL)
0.790*
Mass activity (0 to 5 scale)
–0.478
Individual motility (%)
–0.711*
Live spermatozoa (%)
–0.459
6
Sperm concentration (10 /mL)
–0.443
Membrane intact spermatozoa (%)
–0.528
Acrosome integrity (%)
–0.401
* Indicates significant relationship between a pair of variables (p<0.05).

very high in crossbred bulls. Several workers reported that a
considerable proportion of crossbred bulls produced inferior
quality semen and were culled from the semen station
(Sudheer and Xavier, 2000; Mathur et al., 2002;
Mukhopadhyay et al., 2010; Khatun et al., 2013). The
reasons for high incidence of infertility in crossbred bulls

Table 2. Correlation coefficients for association of testosterone concentrations with testicular cell number and indices in crossbred bulls
of different age groups
Testosterone concentration (ng/mL)
Testicular cells and indices
Bull calves
Young bulls
Adult bulls
(6 months; n = 5)
(15 months; n = 5)
(4 to 6 years; n = 8)
Spermatogonia
–0.146
0.028
–0.182
Primary spermatocytes
0.719*
0.006
0.193
Early spermatids
–0.679
–0.014
0.110
Late spermatids
–0.062
–0.018
0.108
Spermatozoa
–0.069
0.135
Sertoli cells
0.269
0.019
–0.072
Spermatic index
–0.070
–0.071
Sertoli cell index
0.258
0.016
–0.053
Sperm:Sertoli cell ratio
–0.064
0.008
Spermatogenic:Sertoli cell ratio
–0.371*
–0.006
0.134
Sertoli cells/100 germ cells
0.258
–0.713*
–0.056
* Indicates significant relationship between a pair of variables (p<0.001).
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Table 4. Correlation coefficients for association of testicular cell number and indices with seminal parameters in adult bulls
Seminal parameters
Testicular cell and indices
Mass
Individual
Sperm
Acrosome
Membrane
Volume
Viability
activity
motility
concentration integrity
integrity
Spermatogonia
0.327*
0.219*
0.221*
–0.010
0.094
0.066
0.047
Spermatocytes
0.014
–0.420*
–0.348*
–0.075
–0.092
–0.057
–0.162
Early spermatid
–0.238*
–0.347*
–0.318*
–0.123*
0.052
0.028
–0.237*
Late spermatid
–0.030
–0.076
–0.168
–0.042
–0.069
0.076
–0.145
Spermatozoa
–0.025
0.730*
0.706*
–0.042
0.234*
0.140
0.379*
Sertoli cells
–0.003
0.772*
0.738*
0.292*
0.206*
0.142
0.428 *
Spermatic index
–0.028
0.728*
0.704*
0.228*
0.255*
0.124
0.381 *
Sertoli cell index
–0.018
0.752*
0.725*
0.269
0.213*
0.122
0.417*
Sperm:Sertoli cell ratio
–0.081
–0.314*
–0.253*
–0.212*
0.016
–0.080
–0.210*
Spermatogenic:Sertoli cell ratio
–0.041
–0.770*
–0.722*
–0.275 *
–0.220 *
–0.181*
–0.387*
Sertoli cell/100 germ cell
–0.013
0.760*
0.731*
0.287*
–0.200*
0.132
0.427*
* Indicates significant relationship between a pair of variables (p<0.001).

are yet to be identified. Since the quality of spermatozoa is
determined by the environment at the seminiferous tubules,
we hypothesized that the proportion of spermatogenic cells
and Sertoli cells would reflect the quality of semen
produced. The present study assessed the testicular cytology
and peripheral testosterone concentrations in crossbred bull
calves, young and adult bulls and studied the relationship
among these parameters.
Among the different spermatogenic cells studied, the
proportion of spermatocytes, spermatozoa, spermatic index
and sperm:Sertoli cell ratio differed between young and
adult bulls. However, the proportion of Sertoli cells did not
differ significantly between various age groups. It has been
reported that proliferation of Sertoli cells seize to divide
after puberty (Yang and Han, 2010) and our finding confirm
these observations. Spermatozoa were not observed in the
testicular cytology of bull calves indicating that sperm
formation did not start at six months age in crossbred bulls.
However, the numbers of early and late spermatids in the
testicular cytology of bull calves were almost similar to that
of young and adult bulls. This indicates that the
spermatogenesis had already started in the bull calves but
transformation of spermatids to spermatozoa had not started.
Among different testicular cytology indices, the spermatic
index corresponds to the end products of final maturation
step and spermatogenesis. The spermatic index observed in
present study was lower than reported earlier in other
species viz. stallion (31.5±8.5; Leme and Papa, 2000), dog
(26±3.8; Santos et al., 2010) and men (34±13.3; Foresta and
Varatto, 1992).
Thereafter we analysed the relationship of testicular
cells and their indices with semen quality in adult crossbred
bulls. To the best of our knowledge, this study was first of
its kind in crossbred bulls to report the relationship between
testicular cells and their indices with seminal parameters.
Among different testicular cells, the proportion of Sertoli

cells in the testicular cytology was found to be significantly
related to several semen quality parameters. Similarly, the
indices related to the Sertoli cells also had strong
relationship with semen quality parameters indicating the
significance of Sertoli cells in maintaining semen quality.
Several researchers reported that number of Sertoli cells is
highly correlated to sperm production ability of animals
(Russell and Peterson, 1984; França and Russell, 1998; Leal
et al., 2004) and specifically in humans (Hentrich et al.,
2011) and horses (Sharpe et al., 2003). The functional
efficiency of Sertoli cells can be recognized from the
number of germ cells nourished by single Sertoli cell,
which is also highly correlated to indicator of sperm
production efficiency (Russell and Peterson, 1984; França
and Russell, 1998). We also found that Sertoli cells per 100
germ cells had a positive relationship with mass activity,
individual motility; viability and membrane integrity of
spermatozoa.
Testosterone is primarily responsible for the
maintenance of secondary sexual characteristics and libido,
which promotes quality sperm production in bulls (Hafez,
2000). Several studies revealed that poor semen quality has
been associated with deficiency in circulating testosterone
concentrations (Schallenberger et al., 1991; Gulia et al.,
2010). The concentrations of testosterone observed in the
study were higher than those reported earlier in Holstein
bull calves (0.49±0.66 ng/mL; Gholami et al., 2010), but
comparable with other reports in crossbred young bulls
(1.96 to 4.08 ng/mL; Santra et al., 1999) and crossbred
adult bulls (0.44 to 5.60 ng/mL; Kumar et al., 2006). Few
studies reported that testosterone concentration in males
increase with advancing age (Holstein bulls, Gholami et al.,
2010; crossbred bulls, Gulia et al., 2010). Even though the
testosterone concentrations observed in the present study
falls within the range of previous observations, we did not
find any proportionate change in testosterone concentrations
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in different age groups of bulls. This could likely be
attributed to variation between bulls or breeds. In consensus
to our observations, Rawlings et al. (1972) also reported
large variation in the androgen secretion among bulls within
ages and reported that testosterone concentration dropped
after 11 months of age. Since the role of testosterone on the
spermatogenic process is well established, it is expected
that the testosterone concentrations are associated with
semen quality (Javed et al., 2000). However, results of the
present study did not support their findings. Earlier studies
also reported that the circulating blood testosterone
concentrations are not related to libido (Schallenberger et
al., 1991; Sekasiddhi and Buban, 1997) and semen quality
(Souza et al., 2011) or have only low correlation with mass
activity and motility (Santos et al., 2004; Souza et al., 2011).
Since testosterone concentration varies with many factors
like species, breed, individual, age, season, environmental
conditions and time, frequent estimation of testosterone in
short intervals taken with objective measures of other traits
may be necessary to accurately assess relationships of
testosterone concentrations with seminal characteristics.
CONCLUSION
Since the number of Sertoli cells and Sertoli cell index
showed a strong relationship with semen quality, these
parameters can be used to assess the quality semen
production potential of the adult crossbred bulls. Since there
were no significant changes in these indices among bulls of
different age groups, they can be used in combination with
other routine parameters to select high performance
breeding bulls at younger ages, but validation of this
assertion with a larger sample size will be needed before
final proposition. The relationship of testosterone
concentrations with semen quality was not significant
indicating that determination of testosterone profile alone
may not predict the quality semen production ability in
crossbred bulls.
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