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Abstract 

The purpose of this study was to evaluate the functional morphology of the 
spermatogenesis of Gir bulls, with emphasis on the testicular biometry and 
testicular parenchyma histomorphometry. Testicular fragments from eight 
Gir bulls were used. The fragments were fixed by tissue perfusion with Kar-
novsck’s solution, and inclusion was subsequently performed using glycol 
methacrylate. Histological sections of 4 μm were made and stained with a 1% 
toluidine blue-sodium borate solution. The mean age of the bulls was 8.0 ± 
1.3 years and the mean body weight was 467.5 ± 26.7 kg. Testicular weight 
was 289.2 ± 30.5 g on average, and the average gonadosomatic index was 
0.12% ± 0.02%. The seminiferous tubules, Leydig cells, stroma, and intertu-
bular tissue composed 80.9% ± 1.7%, 5.4% ± 1.3%, 13.7% ± 1.1%, and 19.1% 
± 1.7% of the total testicular weight, respectively. The mean length of the se-
miniferous tubule per gram of testicle was 17 ± 0.8 m. Losses during sperma-
togonia mitosis averaged 75.5% ± 3.22%, while losses were 30.6% ± 8.17% 
during the meiotic phase, which resulted in an average total loss of 81.49% ± 
2.58% of cells during the entire process of spermatogenesis. The average daily 
sperm production per gram of parenchyma was 28.0 × 106 cells. It was con-
cluded that the histometric measurements of testicular parameters in the Gir 
breed are within the averages reported for other zebu cattle breeds. 
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1. Introduction 

The Brazilian cattle herd was formed by animals with no defined breed in the 
19th century. These animals, originating from European countries (Iberian Pe-
ninsula), came with the first colonizers of Brazil. The reproduction of these ani-
mals without any selection criteria produced individuals with low productive 
and reproductive performance, as was verified at the time. Moreover, the domi-
nant taurine genetics were challenged by huge problems with endo- and ec-
to-parasites, causing great concern to rural producers. With this scenario came 
the need to import cattle of Indian origin, which is rustic and better adapted to 
the tropical environment [1] [2]. 

The beginning of the mid-20th century saw the largest numbers of zebu cattle 
imported from India to Brazil. These imports generated an enormous impact on 
Brazilian cattle ranching [3] [4]. Currently, about 80% of the Brazilian herd is of 
zebu origin [5]. Specifically, the Gir breed arrived in Brazil in 1911 and is fully 
inserted into the historical context of the development of the country, with Bra-
zil reserving the status of having the largest commercial herd of zebuine cattle in 
the world [5] [6]. Gir cattle are the zebuine breed with the highest milk produc-
tivity in tropical climates due to efficient thermoregulation characteristics that 
have allowed increased levels of milk production. 

However, despite the importance of the Gir breed in Brazil, most studies fo-
cusing on andrological reproductive characteristics and the reproductive fitness 
of bulls are based on the Nelore breed [7]. 

The spermatogenic process, in turn, is a synchronous and regular physiologi-
cal system of cell division and differentiation, during which a trunk spermato-
gonia is gradually differentiated into a highly-specialized haploid cell: the sper-
matozoid. This sequence of modifications occurs in the seminiferous tubules and 
lasts about 40 to 60 days in most studied mammals [8]. 

The three classes of germ cells involved in spermatogenesis are: spermatogo-
nia, spermatocytes, and spermatids. In adults, spermatogenesis is a continuous 
process that can be divided into three distinct phases: mitosis, meiosis, and 
spermiogenesis or differentiation, with each phase characterized by morpholog-
ical and biochemical changes in the components of the cytoplasm and cell nuc-
leus [9]. 

Spermatogenic cells are arranged in the seminiferous tubules in an organized 
and well-defined manner, forming cellular associations that characterize the 
stages of the CSE. In most studied mammals, the arrangement of the stages of 
the CSE is segmented and there is usually only one stage per cross-section of the 
tubule, except in humans and monkeys [10]. 

The CSE in a given segment can be defined as the period between the disap-
pearance of a given stage and its reappearance in this same segment [11]. The 
duration of the CSE is generally constant for a given species, but varies from one 
species to another [10]. 

Although the spermatogenic process of Nelore bulls was well-defined in Car-
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doso [12], there are few publications that describe the spermatogenic process of 
Gir bulls, which, despite occurring in lower numbers in Brazil compared to the 
Nelore breed, is a breed that effectively participates in this context, especially in 
crosses with European dairy breeds. 

This study aimed to evaluate the functional morphology of the spermatogene-
sis of Gir bulls, with emphasis on the testicular biometry and histomorphometry 
of the testicular parenchyma.  

2. Materials and Methods 

Eight Gir bulls that were pure of origin, sexually mature, and did not present any 
alterations to the genital organs or to the semen upon examination were used. 
The animals were 8.0 ± 1.3 years old and weighed 467.5 ± 26.7 kg on average. 

Immediately after the orchiectomy and epididymis dissection, the testicles 
were weighed on a precision scale and perfused with Karnovisck solution for 
tissue fixation. Inclusion was performed using glycol methacrylate (Kit Histore-
sin, Leica Biosystems—Nussloch, Germany), as described in Costa et al. [13]. 
Histological sections of four micrometers in thickness were obtained using a 
glass knife in a rotating microtome. The sections were then stained with tolui-
dine blue-sodium borate 1% solution, and the slides were mounted with Entel-
lan® (Merck, Germany). 

The gonadosomatic index (GSI) was determined by calculating the ratio be-
tween body weight and the weight of the two testicles, and the results were pre-
sented as percentages. 

The weight of the testicular parenchyma was obtained by subtracting the 
weight of the tunica albuginea and the mediastinum from the testicular weight, 
which were estimated from the dissection of the stored testicles. Due to the fact 
the density of testicles is very close to one [14], the weight was considered to be 
equal to the volume. 

The average diameter of the seminiferous tubules was calculated by measuring 
the diameter of at least 20 tubule cross-sections per animal. The sections were 
chosen to be as circular as possible, regardless of their stage. Measurements were 
made using the “Image J 1.34s” morphometry software [15].  

The height of the seminiferous epithelium was measured for the same 
cross-sections as the diameter of the seminiferous tubules. The distance from the 
basal membrane to the luminal edge was considered. At least two measurements 
were taken per cross-section and the average of these was taken as the result.  

The total length of the seminiferous tubules was calculated according to the 
methodology outlined in Attal and Courot [16]. The cross-sectional area was 
measured with the aid of Image J software. At least 10 seminiferous tubule 
cross-sections were measured, regardless of their stage. 

The tubular diameter and total volume of the seminiferous tubules were esti-
mated considering a linear shrinkage factor of 5% [17]. The total length of the 
seminiferous tubules was expressed in meters. 
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The volumetric proportions of the testicular parenchyma components were 
obtained with the aid of the Image J software, using a grid with 420 intercessions 
considered as points. The proportions of the following components of the testi-
cular parenchyma were computed: Leydig cells, stroma (cells, blood and lym-
phatic vessels, and connective tissue fiber), and seminiferous tubules. At least 20 
randomly selected fields were examined by horizontal scanning of the histologi-
cal sections. Thus, the volumetric proportions, expressed as percentages, were 
calculated over a minimum of 8400 points per testicle. The magnification used 
for this analysis was 400 times. 

The populations of each cell type of the seminiferous epithelium were esti-
mated by counting the nuclei of the germ cells and the nucleoli of Sertoli cells in 
at least 20 cross sections in stage 1 of the CSE, categorized by the method of tu-
bular morphology [18]. The following cell types were counted: type A sperma-
togonia, primary spermatocytes in preleptotene/leptotene, primary spermato-
cytes in pachytene, rounded spermatids, and Sertoli cells. 

The count was corrected for the mean nuclear diameter and thickness of the 
section using the Abercrombie [19] formula modified by Amann [20]. Due to 
the fact that Sertoli cells have an irregular nucleus, the correction of their num-
ber was made using the mean nucleolar diameter. 

Mean nuclear or nucleolar diameter was obtained by measuring at least 10 
nuclei of each germ cell type or 10 nucleoli of Sertoli cells per animal. As type A 
spermatogonia have ovoid or slightly elongated nuclei, the mean of the largest 
and smallest nuclear diameter measurement was used for this calculation.  

The cell population counts of the seminiferous epithelium and mean nuclear 
or nucleolar diameter measurements were taken with the help of Image J soft-
ware, using digitized microscopic images. 

The intrinsic spermatogenesis yield was estimated based on the ratios 
found among the corrected cell numbers obtained from the seminiferous tubule 
cross-sections. The following ratios were calculated: 
 Efficiency coefficient of spermatogonia mitoses—ratio of the number of pri-

mary spermatocytes in preleptotene/leptotene to the number of type A sper-
matogonia during stage 1 of the CSE. 

 Meiotic yield—the ratio of the number of rounded spermatids to the number 
of primary spermatocytes in the pachytene during stage 1 of the CSE. 

 General spermatogenesis yield—ratio of the number of rounded spermatozoa 
to the number of type A spermatozoa during stage 1 of the CSE. 

In order to evaluate the occurrence of cell loss during meiotic prophase, the 
ratio between the number of primary spermatocytes in the pachytene and the 
number of primary spermatocytes in the pre-leptotene/leptotene during stage 1 
of the CSE was also calculated. 

Daily sperm production was estimated based on the number of rounded 
sperm per Sertoli cell in stage 1, the Sertoli cell population per testicle, and the 
frequency and duration of stage 1, according to the formula developed by Amann 
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and Almquist [21]. The duration of stage 1 was considered to be 4.38 days 
[22]. 

To determine the daily sperm production per gram of testicular parenchyma, 
the total daily sperm production was divided by the weight of the two testicles 
free of the tunica albuginea and mediastinum, i.e. divided by the weight of the 
testicular parenchyma multiplied by two. 

The statistical analyses were performed in the BioEstat 3.0 statistical software 
program [23]. All results were presented as means, standard deviations, and 
coefficients of variation. 

3. Results 

Data on the ages, body and testicular weights, testicular parenchyma weights, 
and gonadosomatic index of the bulls are presented in Table 1.  

The means of the tubular diameter, height of seminiferous epithelium, and 
tubular length per gram of testicle values are shown in Table 2. The coefficients 
of variation were low for these three variables, showing the homogeneity of these 
parameters among the different animals of the Gir breed. 

The volumetric proportions of the testicles occupied by the seminiferous tu-
bules and the intertubular tissue, which includes Leydig cells and stroma, are 
shown in Table 3. The proportion of seminiferous tubules in the animals ranged 
by only 2.1%, while the proportion of Leydig cells occupying the intertubular 
tissue ranged by 24%.  

The populations of the different cell types during stage 1 of the SEC estimated 
in the eight Gir breed bulls are presented in Table 4. Although the number of 
Sertoli cells showed little variation (3.7 to 4.4), the number of rounded sperma-
tozoa varied widely among the animals (76.7 to 99.5). 
 
Table 1. Age, body weight, testicular weight, parenchyma weight, and gonadosomatic 
index (GSI) of eight Gir bulls. 

Animal 
Age 

(years) 
Body Weight 

(kg) 
Total Testicular 

Weight (g)* 
Testicular Parenchyma 

Weight (g)** 
GSI 
(%) 

1 10 492 272.6 250.1 0.11 

2 9 468 311.5 286.0 0.13 

3 8 475 244.6 224.4 0.10 

4 8 492 337.2 309.3 0.14 

5 7 435 295.5 270.9 0.14 

6 7 421 304.7 279.9 0.14 

7 9 467 255.2 233.7 0.11 

8 7 490 292.2 268.3 0.12 

Average ± sd 8.0 ± 1.3 467.5 ± 26.7 289.2 ± 30.5 265.3 ± 28.1 0.12 ± 0.02 

C.V** 16% 5.7% 10.5% 10.6% 16.6% 

*Weight of only one testicle **Total testicular weight—albuginea and mediastinum weight. **Coefficient of 
variation. C.V = standard deviation/mean. 
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Table 2. Average tubular diameter (µm), height of seminiferous epithelium (µm), and 
tubular length per gram of testicle (m) of eight Gir bulls. 

Animal 
Diameter of the 

Seminiferous Tube* (µm) 
Height of the Seminiferous 

Epithelium (µm) 
Tubular length 

per g/Testicle (m) 

1 243.7 69.6 17.3 

2 254.9 70.4 16.3 

3 236.8 66.8 18.5 

4 252.4 71.1 16.1 

5 245.1 69.5 17.6 

6 233.7 72.3 16.8 

7 249.6 68.8 17.1 

8 250.1 67.9 16.5 

Average ± sd 245.8 ± 7.5 69.6 ± 1.8 17.0 ± 0.8 

C.V** 3% 2.5% 4% 

*Using a linear shrinkage coefficient of 5%, according to Amann [17]. **Coefficient of variation. C.V = 
standard deviation/mean. 

 
Table 3. Volumetric proportions (%) of testicular parenchyma constituents in eight Gir 
bulls. 

Animal 
Seminiferous tubules 

(%) 
Leydig cells 

(%) 
Stroma* 

(%) 
Intertubular tissue 

(%) 

1 80.8 4.7 14.5 19.2 

2 83.1 4.6 12.3 16.9 

3 81.5 4.1 14.4 18.5 

4 80.5 4.9 14.6 19.5 

5 82.9 5.3 11.8 17.1 

6 79.4 6.3 14.3 20.6 

7 80.8 5.2 14.0 19.2 

8 78.0 8.1 13.9 22.0 

Average ± sd 80.9 ± 1.7 5.4 ± 1.3 13.7 ± 1.1 19.1 ± 1.7 

C.V** 2.1% 24% 8% 9% 

*Stroma comprises: cells and fibers of the connective tissue, nerves, blood, and lymphatic vessels. 
**Coefficient of variation. C.V = standard deviation/mean. 

 
Table 5 presents the ratios between the cell types present during stage 1 of 

CES, equivalent to mitotic performance (PL/L: A), meiotic performance (Air: 
PQ), primary spermatocyte ratio in prophase I (PQ: PL/L), and general sperma-
togenesis performance (Air: A). The cellular losses presented in parentheses in 
Table 5 are calculated based on the fact that bovines have six generations of 
spermatogonia (A1-3, In and B1-2), as described in Cardoso [12].  

Total daily sperm production per gram of testicular parenchyma is shown in 
Table 6. 
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Table 4. Populations of different cell types during stage 1 of the cycle of seminiferous ep-
ithelium in eight Gir bulls. 

Animal S A PL/L FP Air 

1 4.0 1.8 27.2 34.0 93.3 

2 3.9 2.3 34.6 36.5 94.0 

3 3.8 2.1 28.9 34.2 76.7 

4 3.9 1.9 30.4 30.9 95.3 

5 4.3 1.8 25.1 31.8 90.9 

6 3.7 2.1 29.9 34.8 99.5 

7 4.4 2.0 35.3 34.8 88.9 

8 4.1 1.7 33.5 29.6 97.4 

Average ± sd 4.0 ± 0.2 2.0 ± 0.2 30.6 ± 3.6 33.3 ± 2.3 92.0 ± 7.0 

C.V** 5% 10% 11.7% 7% 7.6% 

S—Sertoli cells; A—type A spermatogonia; PL/L—primary spermatocytes in preleptotene/leptotene; 
PQ—primary spermatocytes in pachytene; Air—rounded spermatids. *Values corrected according to 
Amann [20]. **Coefficient of variation. C.V = standard deviation/mean. 

 
Table 5. Ratios between the corrected germ cell numbers per seminiferous tubule 
cross-section in stage 1 of the Gir bull cycle of seminiferous epithelium. Numbers in pa-
rentheses are the percentage losses during mitotic and meiotic divisions of germ cells and 
losses of general spermatogenesis yield. 

Animal PL/L: A Air: PQ PQ: PL/L Air: A 

1 15.11 (76.39%) 2.74 (31.40%) 1.25 51.83 (79.75%) 

2 15.04 (76.49%) 2.58 (35.62%) 1.05 40.87 (84.04%) 

3 13.76 (78.50%) 2.24 (43.93%) 1.18 36.52 (85.73%) 

4 16.00 (75.00%) 3.08 (22.90%) 1.02 50.16 (80.41%) 

5 13.94 (78.21%) 2.86 (28.54%) 1.27 50.50 (80.27%) 

6 14.24 (77.75%) 2.86 (28.52%) 1.16 47.38 (81.49%) 

7 17.65 (72.42%) 2.55 (36.14%) 0.99 44.45 (82.64%) 

8 19.71 (69.21%) 3.29 (17.74%) 0.88 57.29 (77.62%) 

Average ± sd 15.68 ± 2.06 2.78 ± 0.33 1.10 ± 0.14 47.38 ± 6.59 

C.V** 13.13% 11.8% 11.7% 14% 

S—Sertoli cells; A—type A spermatogonia; PL/L—primary spermatocytes in preleptotene/leptotene; 
PQ—primary spermatocytes in pachytene; Air—rounded spermatids. *Values corrected according to 
Amann [20]. **Coefficient of variation. C.V = standard deviation/mean. 

 
Table 6. Total daily sperm production (×109) and sperm production per gram of testicle 
parenchyma (×106) in eight Gir bulls. 

Animal 
Total Daily Sperm 
Production* (×109) 

Daily Sperm Production/g of 
Testicular Parenchyma** (×106) 

1 14.4 28.9 

2 15.6 27.3 
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Continued 

3 11.3 25.3 

4 16.9 27.4 

5 15.3 28.5 

6 17.8 32.9 

7 14.6 26.2 

8 12.9 27.6 

Average ± sd 14.9 ± 2.1 28.0 ± 2.3 

C.V*** 14% 8.2% 

*Total daily sperm production of both testicles. **Calculated according to Amann and Almquist [21]. 
***Coefficient of variation. C.V = standard deviation/mean. 

4. Discussion 

In this study, the testicles of eight Gir cattle bulls with definitive genealogical 
registers (pure of origin) were analyzed. The bulls had an age difference of three 
years between the youngest and the oldest, and a difference of approximately se-
venty kilograms between the lightest and the heaviest (Table 1). These age and 
weight ranges were chosen in order to avoid prepubescent or senile animals, or 
those with some kind of nutritional deficiency. 

In Gir bulls, the tunica albuginea and the mediastinum occupied approx-
imately 8.2% of the testicular volume. In studies on testicular physiology, testi-
cular albuginea and mediastinum volumes are discounted from testicular mass 
to calculate testicular parenchyma, because this tissue does not contribute di-
rectly in spermatogenesis or androgenesis. In most domestic species, the volu-
metric proportion of the testicular albuginea and mediastinum is generally about 
10% [8]. The present study demonstrated the same percentage as observed in 
other studies (Table 1) [20] [24]. 

To validate the comparison of testis weight as well as the proportion of tunica 
albuginea in different studies, the animals investigated must be about the same 
age. This is necessary because, although the phase of highest testis development 
lasts until sexual maturity, it continues to grow afterwards at a lower rate [25]. 
Therefore, any discrepancies in results must be carefully analyzed to prevent 
methodological differences from invalidating comparisons [26]. 

The gonadosomatic index in the Gir breed found in the present study (0.12%) 
was similar to that observed in other studies performed on zebuine cattle. An-
dreussi et al. [1] also found a gonadosomatic index of 0.12% in Gir animals, with 
an average of 0.13% in the Nelore, Nelore mocho, Gir, Tabapuã, and Guzerá 
breeds. In young taurine animals of the Shorthorn breed, Swierstra [27] obtained 
an GSI of 0.8%.  

For each species, the testis size is determined in response to a variety of fac-
tors, besides the primary influence imposed by the body size. However, the 
number of Sertoli cells, established at the testis development cycle, is the major 
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factor for determination of testis size and sperm production in a given species 
[28]. It is usual to observe differences up to 50% for testis weight among sexually 
mature animals, even for those species genetically selected, as in bovine [29]. 
Opposed to what is observed for testis developmental phase it is not usual to find 
significant correlation between testis weight and body weight in adult animals 
[28]. 

Regarding the volumetric proportions, which are directly proportional to 
sperm production [8], it can be seen that in mammals the seminiferous tubules 
represent 60% to 90% of the volume of the testicle [30], with the remainder be-
ing filled by intertubular tissue, which contains Leydig cells and stroma [8]. 

The volumetric rate of testicular parenchyma components varies greatly 
among species, mainly the percentage values taken by seminiferous tubules and 
Leydig cells. This variation is one of the major factors responsible for the differ-
ence observed for efficiency in sperm production in several species [8] [28]. 

In the present study, the values observed for the volumetric proportions of the 
testicular parenchyma constituents were in line with those observed by An-
dreussi et al. [1], with 80.9% of the testicular parenchyma occupied by semini-
ferous tubules. However, this result differed from the overall average of all other 
breeds as, according to Andreussi et al. [1], animals of the Nelore breed had a 
higher volume of seminiferous tubules compared to all other Zebu breeds stu-
died. 

Lower volumetric proportions of these components were observed in Dutch 
bulls [20] [21], with young bulls averaging 76.8% and bulls over 4 years old av-
eraging 73%. 

In rats, the volumetric proportion of seminiferous tubules is quite similar to 
cattle [31], but Russell and França [32] found that a greater proportion (85.8%) 
of the testicular volume was made up of seminiferous tubules in rats. 

Regarding the three measurements evaluated for the seminiferous tubules 
(length, epithelium height, and diameter), no differences were observed among 
the Gir cattle in the present study. Similarly, no differences were observed in 
Andreussi et al. [1] within in the Gir breed specifically and among all the zebu 
breeds studied, although animals of the Nelore breed had the largest measure-
ments among the zebuine cattle. In rats, the diameter of the seminiferous tubules 
is larger [31]. The diameter of the seminiferous tubules can suffer alterations 
caused by the multiplication of Sertoli cells. Thus, a study by Berndtson and 
Jones [33] found that higher testicular weight, greater number of germ cell pop-
ulations, greater number of Sertoli cells, and consequently higher sperm produc-
tion were positively correlated.  

In an experiment with adult Bos taurus, it was demonstrated that heavier tes-
ticles have a higher number of rounded spermatozoa per Sertoli cell [34] and 
higher daily sperm production [29]. 

In the present study, Sertoli cell and spermatogonia populations showed few 
variations between the animals evaluated. The average number of Sertoli cells 
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observed was four per seminiferous tubule cross-section during stage 1 of CES 
and in the mean number of spermatogonia cells was two per cross-section, 
which were similar to the numbers observed as general averages by Andreussi et 
al. [2] in the Nelore, Nelore mocho, Gir, Guzerá, and Tabapuã breeds, in addi-
tion to by Dias [35]. However, with the progression of cell differentiation in 
spermatogenesis it is possible notice differences between the numbers of sper-
matocytes in preleptotene/leptotene, pachytene and rounded spermatocytes be-
tween the two studies mentioned above, i.e. the final yield in spermatogenesis is 
different between the breeds, with the Nelore breed producing the greatest final 
spermatogenesis yield [2]. On the other hand, Aguiar et al. [36] (2006) analyzed 
bulls of the Angus breed and observed a lower number of Sertoli cells, with 2.8 
cells per cross-section. Santos et al. [37] reported a count of 12.93 Sertoli cells 
per section in Bos indicus, however a different methodology than that applied in 
most other the studies was used, and Aguiar et al. [36] observed an average of 
26.5 Sertoli cells per section in bulls of the Angus breed at 22 weeks of age. 

The proportion of Leydig cells is very variable in mammals, with reports of 
2.2% in rats [8] and 20% to 60% in pigs [38]. Amann [20] observed that the vo-
lumetric proportion occupied by Leydig cells in the intertubular space was 5% in 
young 3-year-old Dutch bulls, and in bulls above 4 years the value was 7%. 

Spermatogenesis is functionally dependent on Sertoli cells and Leydig cells for 
hormone support [39] [40]. According to França and Russell [8], Sertoli cells 
represent 16.2% of the total testicle volume. 

Results published in rats [31] differ from those observed in bulls in the present 
study. In the aforementioned study, the number of primary spermatocytes in the 
pachytene of rats was 21.37 cells, versus 33.3 in bulls, and 70.26 rounded sper-
matids in rats versus 92.0 cells in Gir bulls. 

Regarding the corrected cell populations within the CSE, Almeida et al. [31] 
showed that the ratio of rounded spermatocytes to spermatocytes in the pachy-
tene was close to that observed in the present study (3.1) in rats, while a ratio of 
2.78 was observed in Gir cattle in the present study. 

In the current experiment, regarding the relationship between the cell popula-
tions in the seminiferous tubules and cell losses during the spermatogenic 
process (Table 5 and Table 6), it was noted that the vast majority of losses oc-
curred during mitosis, at an average of around 75.5% compared to the 30.6% 
observed during the meiotic phase. The results are similar to those observed by 
Andreussi et al. [2] in the Gir, Nelore, Nelore Mocho, Guzerá, and Tabapuã 
breeds, with the results for the Gir breed, specifically, being more similar. The 
mean total loss in spermatogenesis did not differ between the two studies. How-
ever, specifically in the standard Nelore breed, it is necessary to stress that the 
total losses in spermatogenesis were lower than in the other breeds, with a final 
loss of 75.6% [2]. 

Understanding spermatogenesis and its testicular physiology are fundamental 
for the identification of potential causes of infertility and subfertility, and under-
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standing the processes that define the capacity of sperm production are crucial 
parts of this process. 

In this research, the animals presented on average a total daily sperm produc-
tion of 14.8 × 109 cells, with a standard deviation of 2.0 × 109. In Andreussi et al. 
[2], the values were similar to those obtained for the Gir breed and close for 
those noted for the Tabapuã and Guzerá breeds, however sperm production was 
greater in bulls of the Nelore breed, suggesting that the fertility enhancement ef-
forts are more advanced in this breed. 

It appears that the other zebuine breeds mentioned in this study (Gir, Guzerá, 
and Tabapuã) have spermatogenesis numbers far below the potential capacity of 
each breed. The superiority of the Nelore breed in comparison to other breeds 
can be understood in this aspect as a result of the more intense selection process 
applied to this breed, a fact that can be appreciated in figures: in 2017, according 
to the Brazilian Association of Zebu Breeders [41], there were 807 Nelore bulls 
in semen collection centers, a number much higher than that of the Gir (81), 
Tabapuã (77), and Guzerá (81) breeds. Other interesting data are those pub-
lished by Brazilian Association of Artificial Insemination [42], which indicate 
that in 2014, 629,150 doses of semen from the Gir breed, 162,056 from Guzerá, 
120,280 doses from Tabapuã, and 3,235,979 doses of semen from the Nelore 
breed were sold. The data presented suggest that intensifying the genetic im-
provement efforts applied to the Gir breed could increase the spermatogenesis 
rate in this breed. 

5. Conclusion 

The Gir bulls of this research presented a means of 289.2 ± 30.5 g of total testi-
cular weight, 17.0 ± 0.8 m of tubular length per g/testicle, seminiferous tubules 
and intertubular tissue volumetric proportions, which were respectively 80.9% ± 
1.7% and 19.1% ± 1.7%. Ratios between the corrected germ cell numbers per 
seminiferous tubule cross-section in stage 1 of the Gir bull cycle of seminiferous 
epithelium and total daily sperm production were within the averages reported 
for zebuine cattle breeds. 
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