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Hatice Baş 1 , Hulüsi Ozan Taşkesen 2 , Mehmet Akif Boz 2,* , Musa Sarıca 3 , Kadir Erensoy 3 ,
Vassilios Dotas 4 and George Symeon 5

1 Department of Biology, Faculty of Arts and Science, Yozgat Bozok University, Yozgat 66900, Turkey;
hatice.bas@yobu.edu.tr

2 Department of Animal Science, Faculty of Agriculture, Yozgat Bozok University, Yozgat 66900, Turkey;
ozan.taskesen@yobu.edu.tr

3 Department of Animal Science, Faculty of Agriculture, Ondokuz Mayıs University, Samsun 55139, Turkey;
msarica@omu.edu.tr (M.S.); kadir.erensoy@omu.edu.tr (K.E.)

4 Department of Animal Production, Faculty of Agriculture, Aristotle University of Thessaloniki,
54124 Thessaloniki, Greece; vdotas@agro.auth.gr

5 Research Institute of Animal Science, Hellenic Agricultural Organization Demeter, 58100 Giannitsa, Greece;
gsymewn@yahoo.gr

* Correspondence: bozmakif@gmail.com

Abstract: The aim of this study was to determine the effects of varying combinations of dietary
selenium (Se), vitamin E (Vit E), and zinc (Zn) supplements on antioxidant enzyme activity, and
developmental and histological traits in testicular tissues of 1-year-old native Turkish ganders. A
total of 48 animals were used and randomly assigned to 8 treatment groups (control, Se, Vit E, Zn, Se
+ Vit E, Se + Zn, Vit E + Zn, and Se + Vit E + Zn), with 6 birds in each group. In addition to the control
(basic) diet, specific levels of supplements (0.3 mg/kg Se, 100 mg/kg Vit E, and 100 mg/kg Zn) were
added to the diet of each treatment group. Antioxidative enzymes (superoxide dismutase, catalase,
glutathione peroxidase, glutathione-S-transferase activities, and malondialdehyde level) were more
advantageous in the testicular tissue of ganders fed with Se + Vit E + Zn. Malondialdehyde (MDA),
which is an important indicator of lipid peroxidation, was not significantly affected by the dietary
treatments. However, it was negatively correlated with the seminiferous tubule area (−0.34) and
diameter (−0.35). Compared to the control, the highest seminiferous tubule area and germinative
epithelial thickness were determined as being fed with Se + Vit E + Zn. The lowest seminiferous
tubule diameter was determined in the control and Zn groups, while the highest was in the group
fed with Se + Vit E + Zn and Se + Vit E. This study showed that the simultaneous supplementation
of Se + Vit and E + Zn into the diet of native Turkish ganders had positive effects on the testicular
tissue, by reducing oxidative damage and improving histological parameters without affecting their
physiological status.

Keywords: ganders; Se; vitamin E; Zn; histology; oxidative stress

1. Introduction

In Türkiye, goose breeding is generally carried out in rural areas, and in addition to
the traditional production structure of small-scale, recently, open grazing family farms and
commercial intensive production have started [1–4]. However, low fertility and hatchability
are major problems, especially when associated with low egg production in native Turkish
geese. Goose owners often use 1-year-old ganders for breeding purposes in Türkiye.
However, Boz et al. [5] reported that 1-year-old Turkish ganders had significantly lower
fertility than 2-year-olds, alongside a lower semen quality.
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Antioxidants are substances that prevent or delay oxidative stress, and this phe-
nomenon is called antioxidant defense [6,7]. Cells have developed various defense mecha-
nisms against oxidative stress, which are divided into enzymatic and non-enzymatic [8]. It is
known that these defense mechanisms can be strengthened by the intake of non-enzymatic
antioxidant substances, such as vitamins, Zn, and Se [9,10].

Free radicals are chemicals with an unpaired electron in their final orbit and are
highly reactive. Although small amounts of free radicals are necessary during cell defense
mechanisms, high levels can damage tissues and cause cell death [11]. Since free radicals
easily exchange electrons with other molecules, such as lipids, proteins, and DNA, they
cause changes in their structures [12], which disrupts the functioning of many organs [13].

Cells living in aerobic conditions are exposed to excessive amounts of oxidants. How-
ever, under normal conditions, there is a balance in living organisms between free radicals
and antioxidant defense systems [14]. Oxidative stress is the disruption of the balance
between the number of oxidants and antioxidant defense, in favor of the oxidants [15].
Moreover, owing to the tasks undertaken by antioxidant substances, cells are protected
against damage by free radicals. When the number of free radicals exceeds the defense
system, oxidative stress, and subsequent cell damage occur, which limits the functioning of
organs [16].

Lipid peroxidation (LPO) is the major event that plays an important role in free
radical toxicity. Free radicals attack the polyunsaturated fatty acids in the phospholipid
layers in membranes to produce malondialdehyde (MDA), the end product of LPO [13].
Therefore, increased MDA is an important indicator of LPO [8]. Superoxide dismutase
(SOD), catalase (CAT), glutathione-S-transferase (GST), and glutathione peroxidase (GPx)
are enzymatic antioxidants that scavenge free radicals [10]. These enzymatic antioxidants in
tissues neutralize the oxidative stress that occurs due to the formation of free radicals [17].
Therefore, if antioxidant enzyme activity in the cell is insufficient, an increase in the level
of free radicals occurs, which promotes oxidative stress in cells [8]. SOD reduces the
superoxide radical to hydrogen peroxide (H2O2) by donating an electron [12]. Then, the
CAT enzyme converts H2O2 to water and molecular oxygen [15]. The main task of GPx,
which uses GSH as a substrate, is to reduce H2O2 and alkyl peroxides [18]. Since GPx is
responsible for the conversion of H2O2 to water, it reduces H2O2 levels [19]. GST is the
enzyme responsible for the conjugation of various electrophilic substances to the GSH thiol
group, meaning fewer toxic forms are created [12].

In male poultry, both testes are functional and located symmetrically on either side of
the cervical roof midline in the abdominal cavity [20], which is the region of the body where
they develop and perform their functions since the body temperature is 41–42 ◦C [21]. As in
mammals, the testes in poultry have both endocrine and exocrine functions. While sperm
production in the seminiferous tubules is an exocrine function, testosterone production by
the Leydig cells in the interstitial tissue is an endocrine function [22].

Compared to other poultry species, overall reproductive performance is relatively low
in native Turkish geese. The most important reason for this is low egg production on the
female side and low sperm quality on the male side [5,23]. For this reason, by revealing
the histological mechanisms in the testes where sperm production takes place, various
strategies can be developed to improve sperm quality, especially in 1-year-old Turkish
ganders. The aim of this study was to determine the effects of various combinations of
dietary Se, Vit E, and Zn supplements on the antioxidant activity, and developmental and
histological traits in testicular tissues of 1-year-old native Turkish ganders.

2. Materials and Methods
2.1. Animals and Experimental Design

This study was carried out at Yozgat Bozok University Research and Application
Center, Yerköy Goose Production Farm. The animal material was from 48 1-year-old native
Turkish ganders, with an average body weight of 3976.5 g. In this study, 8 treatment groups
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(control; Se; Vit E; Zn; Se + Vit E; Se + Zn; Zn + Vit E; Se + Vit E + Zn) were formed with
6 ganders in each.

2.2. Rearing and Feeding

The research was carried out in a house with 48 individual wire mesh cages (each
100 × 100 × 100 cm in size). The bottom of the cages was covered with plastic litter material,
which does not harm the ganders. The house was naturally ventilated, yet fans were used
when needed, and no additional heating was used. The temperature was kept between
18–24 ◦C during the study. Natural lighting was also provided through windows and no
additional lighting was provided. An increase in day length was noted during the study,
with daytime being approximately 11 h in March 2022 and 15 h in June 2022.

Since most of the goose production in Turkey is carried out under natural lighting
conditions, the aim of this study was to simulate this situation. One feeder and one drinker
were provided for each individual cage and the accumulated litter was cleaned every day.
The ganders were fed the diets specified in the control and treatment groups for a total
of 90 days (end of March to early June), in accordance with the reproduction periods of
female geese in Turkey. At the end of this period, the ganders were sacrificed.

The ganders in the control group were fed the basic diet presented in Table 1, which
was obtained from a private company. As shown in Table 2, the treatment groups were
formed by adding specific levels of Se, Zn, and Vit E to the basic diet, with reference to
Amem and Al-Daraji [24], Al-Daraji [25], and Jerysz and Lukaszewicz [26]. Individual
ganders in each group were fed with 200 g/day feed, while water was provided ad libitum.

Table 1. Basic diet components and calculated contents *.

Ingredient Unit Amount

Corn % 57.5
Sunflower seed meal % 18.5
Soybean meal (CP 46%) % 10.0
Limestone % 8.0
Cotton seed meal (CP 26%) % 5.0
Salt % 0.75
Vit premix % 0.25

Analyzed nutrient content *

Dry matter % 88.76
Crude protein (CP) % 15.50
ME MJ/kg 10.29
Crude oil % 3.30
Crude fiber % 7.14
Crude ash % 11.68
Se mg/kg 0.15
Zn mg/kg 60
Vit E mg/kg 30

* Feed analyses were carried out at Yozgat Bozok University Science and Technology Application and Research
Centre laboratory, Yozgat, Turkey.

2.3. Determination of Antioxidant Enzyme Activity

At the end of the study period, the ganders were dissected to investigate their malon-
dialdehyde (MDA) levels and antioxidant enzymes (superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx), and glutathione-S-transferase (GST)) activities. Tes-
ticular tissues were separated to determine the enzyme activities and MDA levels and
were stored at −80 ◦C until they were studied. These testicular tissue samples stored at
the time of the study were homogenized in homogenization buffer (pH 7.4) for 3 min
and the concentration and activity were determined by measuring the absorbance of the
samples using “Biotech Engineering/Spectroscan 60 DV” brand spectrophotometer [27].
For SOD, CAT, GPx, GST, and MDA values, absorbance values were measured by the
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spectrophotometer at 440 nm [28], 240 nm [29], 340 nm [30], 340 nm [31], and 532 nm [32],
respectively.

Table 2. Se, Zn, and Vit E contents in the experimental groups.

Groups Se (mg/kg) Vit E (mg/kg) Zn (mg/kg)

Control 0.15 30 60
Se 0.45 30 60

Vit E 0.15 130 60
Zn 0.15 30 160

Se + Vit E 0.45 130 60
Se + Zn 0.45 30 160

Zn + Vit E 0.15 130 160
Se + Vit E + Zn 0.45 130 160

Se: 67 mg/kg Se premix, 4.5% Sodium Selenite Na2SeO3; Vit E: 200 mg/kg E−50 Adsorbate Rovimix®, 50% Vit E;
Zn: 131 mg/kg 76.4% Zn oxide.

2.4. Measurement of Body and Testicular Weights

Body weights of the ganders were measured on the experimental day of sacrifice
with a 0.01 precision balance. Testes were quickly removed from the dissected ganders
and weighed, after cleaning from neighboring tissues. Testicular weight was obtained by
accumulating the weights of both testes (right and left testes). Relative testicular weights
were calculated using the following formula:

relative testicular weight = (testicular weight (g)/body weight (g)) × 100

2.5. Light Microscope Investigations

Testicular tissues removed from the dissected ganders were washed in buffer and
placed in formaldehyde fixative for light microscopy examination. After the fixation stage,
washing and dehydration procedures were performed. Then, the tissues were paraffin
blocked. Sections of 6–7 µ in thickness were removed from the prepared blocks. The sections
were stained with hematoxylin–eosin, examined, and photographed using a microscope
with a camera attachment (Olympus BX 51 light microscope; Olympus Corp., Tokyo, Japan).

The archived images were analyzed morphometrically using the cell D Soft Imaging
System (Olympus Corp., Tokyo, Japan). The internal diameter of the seminiferous tubules,
the thickness of the germinative epithelium (without tunica propria), and the area of the
seminiferous tubule and interstitial tissue were measured in every image. The relative
area (%) of the interstitial tissue, defined as the ratio of the area occupied by the intersti-
tium to the total area (interstitial and tubular area) within the archived view field under
200 magnification, was calculated for each individual [33].

2.6. Statistical Analysis

Statistical analysis was performed using SPSS 25.0 statistical software (SPSS, Inc.,
Chicago, IL, USA). Differences between varying combinations of the dietary Se, Zn, and Vit
E supplements were analyzed by one-way ANOVA and Tukey’s test. Significance was set at
p < 0.05. Relationships between the various oxidative enzyme activity, and developmental
and histology parameters were analyzed by calculating Pearson correlation coefficients
(r). For the purposes of discussion, the following descriptors were used to describe the
relative strength of the correlations: very weak (r < 0.20), weak (r = 0.20–0.39), moderate
(r = 0.40–0.59), strong (r = 0.60–0.79), and very strong (r = 0.80–0.99) [34].

3. Results

The effects of varying combinations of dietary Se, Zn, and Vit E supplements on
antioxidant enzyme activity in the testicular tissues of 1-year-old native Turkish ganders
are presented in Table 3. Superoxide dismutase enzyme (SOD) activity, catalase enzyme
(CAT) activity, glutathione peroxidase enzyme (GPx) activity, and glutathione-S-transferase
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enzyme (GST) activity were highest in the Se + Vit E + Zn combination and lowest in the
control group (Table 3, p < 0.05). Malondialdehyde (MDA), which is an important indicator
of lipid peroxidation, was not significantly affected by the dietary treatments.

Table 3. Effects of varying combinations of dietary Se, Vit E, and Zn supplements on antioxidant
enzyme activity in testicular tissues of 1-year-old native Turkish ganders (n = 48).

Dietary
Treatments

SOD
(U/mg Protein)

CAT
(mmol/mg

Protein)

GPx
(mmol/mg

Protein)

GST
(mmol/mg

Protein)

MDA
(mmol/mg

Protein)

Control 4.84 c 1.21 b 5.10 c 0.83 c 0.47
Se 6.56 abc 1.25 ab 7.66 abc 1.05 abc 0.44
Vit E 6.54 abc 1.27 ab 7.83 abc 1.01 abc 0.42
Zn 5.30 bc 1.20 b 6.40 bc 0.89 bc 0.45
Se + Vit E 6.98 ab 1.29 ab 9.50 a 1.14 ab 0.41
Se + Zn 6.69 abc 1.25 ab 8.48 ab 1.00 abc 0.42
Vit E + Zn 6.62 abc 1.26 ab 8.55 ab 0.99 abc 0.37
Se + Vit E + Zn 7.71 a 1.36 a 10.27 a 1.20 a 0.39
SEM 0.464 0.027 0.641 0.065 0.032
df 7,40 7,40 7,40 7,40 7,40
F values 3.91 3.01 6.63 3.38 1.01
p values 0.002 0.012 0.000 0.006 0.438

Each treatment (n = 6 birds/treatment) is expressed as mean± standard error of the mean (SEM) and the statistical
analysis was conducted using a one-way ANOVA with Tukey’s post hoc test. a–c Different letters in the same
column are significantly different by Tukey’s multiple comparison tests (p < 0.05).

The effects of varying combinations of dietary Se, Zn, and Vit E supplements on the
body weight at sacrifice and testicular weights of 1-year-old native Turkish ganders are
shown in Table 4. There was no significant effect by the varying combinations of Se, Zn, and
Vit E supplements on either the right, left, or overall total testicular weights, and relative
testis weight. The weight of the ganders at sacrifice in the experimental groups was also
found to be similar (Table 4).

Table 4. Effects of varying combinations of dietary Se, Vit E, and Zn supplements on sacrificial and
testes weights (in g) and percentages (%) in 1-year-old native Turkish ganders (n = 48).

Dietary
Treatments

Slaughter Weight
(g)

Right Testicular
Weight (g)

Left Testicular
Weight (g)

Total Testicular
Weight (g)

Relative Total
Testicular

Percentage (%)

Control 4298.5 0.37 0.65 1.02 0.02
Se 4253.8 0.46 0.83 1.30 0.03
Vit E 4254.5 0.58 1.16 1.74 0.04
Zn 4255.6 0.82 1.68 2.50 0.06
Se + Vit E 4224.0 0.78 1.95 2.73 0.06
Se + Zn 3930.9 0.32 0.54 0.85 0.02
Vit E + Zn 4108.1 0.40 0.71 1.11 0.03
Se + Vit E + Zn 3910.7 0.47 0.80 1.27 0.03
SEM 63.768 0.179 0.526 0.699 0.02
df 7,40 7,40 7,40 7,40 7,40
F values 0.70 1.08 0.96 1.00 0.94
p values 0.670 0.391 0.475 0.448 0.485

Each treatment (n = 6 birds/group) is expressed as mean ± standard error of the mean (SEM) and the statistical
analysis was performed by a one-way ANOVA.
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Pearson correlation coefficients between oxidative enzyme activity, and developmen-
tal and histological traits in the testes of 1-year-old native Turkish ganders are shown in
Figure 1. The SOD, CAT, GPx, and GST enzyme activities were moderately positively
correlated with SEMTH, GERCLT, and SEMTD, while negatively correlated with INTTIS-
SUEPERC. The MDA activity was negatively correlated with SEMTH (−0.34) and SEMTD
(−0.35). While no correlation was found between the BW and TESTPERC traits and antioxi-
dant enzyme activities, yet there was a weak correlation (−0.33) between BW and GERCLT.
Strong correlations were revealed between testicular histological characteristics. Moreover,
INTTISSUEPERC and SEMTH, GERCLT, and SEMTD traits were strongly negatively cor-
related at −0.84, −0.84, and −0.79, respectively. A very strong positive correlation was
observed between SEMTD, SEMTH, and GERCLT, ranging from 0.82 to 0.85.
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Figure 1. Pearson correlation coefficients between oxidative enzyme activity (SOD: superoxide
dismutase; CAT: catalase; GPx: glutathione peroxidase; GST: glutathione-S-transferase; MDA: mal-
ondialdehyde), and histological characteristics in testicular tissue (SEMTH: seminiferous tubule
area (mm2); GERCLT: germinal cell layer thickness (mm); SEMTD: seminiferous tubule diameter
(mm); INTTISSUEPERC: relative interstitial tissue (%)) and developmental traits (BW: body weight;
TESTPERC: relative total testicular percentage (%)) in 1-year-old native Turkish ganders. **: p < 0.01;
*: p < 0.05.

Histological images of testicular tissues in the treatment groups are shown in Figure 2
and morphometric measurements of some areas in these images are shown in Table 5. The
effects of varying combinations of dietary Se, Zn, and Vit E supplements on seminiferous
tubule area (mm2), germinative epithelial thickness (mm), seminiferous tubule diameter
(mm), and relative interstitial tissue area (%) were found to be significant (Table 5, p < 0.05).
The highest seminiferous tubule area and germinative epithelial thickness were determined
in ganders fed with a combination of Se + Vit E + Zn compared to the control group
(p < 0.05). The lowest seminiferous tubule diameter was determined in ganders fed a
control plus Zn diet, with the highest in the Se + Vit E + Zn and Se + Vit E combination
(p < 0.05). The relative interstitial tissue area ratio was the highest in the control and
Zn group ganders and the lowest was in ganders fed a Se + Vit E + Zn and Se + Vit E
combination (p < 0.05).
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Figure 2. The histological structure of testicular tissues in 1-year-old native Turkish ganders (n = 48).
(A) Control, (B) Se, (C) Vit E, (D) Zn, (E) Se + Vit E, (F) selenyum + Zn, (G) Vit E + Zn, and (H) Se
+ Vit E + Zn. S: seminiferous tubule; I: interstitial space; sg: spermatagonium; sp: spermatocyte; L:
Leydig cell; st: Sertoli cell; bv: blood vessel. Magnification: 200×.

Table 5. Effects of varying combinations of dietary Se, Vit E, and Zn supplements on histological
parameters in testicular tissues of 1-year-old native Turkish ganders (n = 48).

Dietary Treatments
Seminiferous Tubule

Area
(mm2)

Germinal Cell Layer
Thickness

(mm)

Seminiferous Tubule
Diameter

(mm)

Relative Area of
Interstitial Tissue (%)

Control 0.016 d 0.041 d 0.122 c 1.845 a

Se 0.019 c 0.053 c 0.131 b 1.754 b

Vit E 0.020 c 0.055 c 0.134 b 1.748 b

Zn 0.016 d 0.042 d 0.124 c 1.843 a

Se + Vit E 0.024 b 0.066 b 0.141 a 1.651 c

Se + Zn 0.019 c 0.055 c 0.131 b 1.752 b

Vit E + Zn 0.021 c 0.056 c 0.135 b 1.746 b

Se + Vit E + Zn 0.027 a 0.076 a 0.144 a 1.600 c

SEM 0.001 0.002 0.001 0.015
df 7,40 7,40 7,40 7,40
F values 36.26 40.41 28.59 30.95
p values 0.000 0.000 0.000 0.000

Each treatment (n = 6 birds/group) is expressed as mean± standard error of the mean (SEM) and the statistical
analysis was conducted by a one-way ANOVA with Tukey’s post hoc test. a–d Different letters in the same column
are significantly different by Tukey’s multiple comparison tests (p < 0.05).
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4. Discussion

Reactive oxygen substances (ROS) accumulate in the testes with advancing age and
cause continuous oxidative stress in the cells. As a result, reproductive performance, which
is of vital importance in males, decreases. Even if the testicular antioxidant capacity is low,
antioxidant compounds in the testicular tissue can protect sperm against ROS [35]. There-
fore, many studies have been conducted to increase and improve the antioxidant capacity in
the testes [36–38]. Feeding programs provided to animals can affect reproductive activities
and alter sexual behavior, morphology, and function of reproductive organs [39]. Se, Vit E,
and Zn affect many biochemical and physiological systems in animal organisms, including
reproduction [40–43]. Antioxidant enzymes limit the harmful effects of oxidant molecules
in tissues and provide a defense against oxidative stress by scavenging free radicals [44].
Antioxidant enzymes work together to perform this task, and even small deviations in their
activity can cause undesirable effects on cellular structures [45]. Therefore, it is important
to determine the oxidative status in testes histology by determining the activity of SOD,
CAT, GST, and GPx enzymes and measuring the MDA level.

Although MDA levels tended to be low in the control and Zn groups, SOD, CAT,
GST, and GPx levels were the highest in the testes of ganders fed with a Se + Vit E + Zn
supplementary diet compared to the control group. This triple combination has come to the
fore as the dietary treatment that combats oxidative stress in testicular tissues of 1-year-old
native Turkish ganders at the highest level. At the same time, the partial decrease in MDA
values supports this situation, whereby the MDA level was already weak but significantly
negatively correlated with SOD (−0.38) and GPx (−0.33) enzymes. Especially in ganders
fed with the Se + Vit E combination, the MDA level tended to be slightly lower. Wan
et al. [46] found lower levels of MDA in the blood serum of geese fed diets supplemented
with Se. It is reported that the supplementation of Se and Vit E to the diet of roosters had a
significant stimulatory effect on GPx activity in the testes [47]. Even if testicular antioxidant
capacity is low, antioxidants in testicular tissue and seminal plasma can protect sperm
against ROS. Improving testicular antioxidant capacity can be achieved with additional
supplements to the diet, especially at older ages [7,36–38]. Since the data obtained in our
study coincides with the end of the reproductive period, our findings support this situation.

In ganders, the testes are shaped like beans and located in the abdominal cavity. Their
main function is to produce spermatozoa and secrete testosterone. The vasculature, size,
and position of the testes vary according to whether the gander is sexually active or not [48].
Testes can reach an average weight of 1.67 g in the non-reproductive period and 12.3 g
during the reproduction season. Akhtar et al. [49] determined testicular weights between
5.2 and 9.4 g and relative testicular weights between 0.40 and 0.23% in Yangzhou ganders
between 181 and 227 days of age. Leska et al. [33] determined the testicular weights of
ganders during the reproduction period, non-breeding period, and at the beginning of
the breeding period as 12.3, 0.48, and 1.67 g, respectively. Opalka et al. [39] determined
testicular weights as 5.5, 3.6, and 0.78 g in March, May, and July, respectively. In our
study, total testicular weights varied between 0.8 and 2.5 g, the relative testis weight varied
between 0.024 and 0.064 (%), and neither body weights nor testicular traits were affected by
the dietary treatments. These low weight values are due to the fact that the ganders were
at the end of the reproductive season, in line with Opalka et al. [39]. Moreover, especially
in the groups where vitamins and minerals were added, they were higher than the values
during the same period of other studies [33]. The differences revealed by other studies
may have been influenced by many other environmental conditions, especially different
dietary treatments and genotypes. Neither body weight nor testicular percentage was
significantly associated with any antioxidant enzyme or histological parameter. This also
indicates that various combinations of dietary Se, Vit E, and Zn supplements improved
the sperm production function in ganders through antioxidant enzyme mechanisms at the
cellular level, without affecting their general physiological status.

The seminiferous tubule area, germinative epithelial thickness, and seminiferous
tubule diameter of the ganders fed a Se + Vit E + Zn supplementary diet seem to be
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advantageous in terms of continuity in the semen production compared to the control
group. The strong negative correlation between these histological parameters and the
relative interstitial tissue area also supports this. During the non-reproductive season, the
seminiferous tubules and germinal epithelium are in a rudimentary state and develop as the
reproduction season progresses. While the percentage of testicular interstitial tissue is high
in the non-reproductive season, the rate of tubular tissue increases during the season [33,50].
In our study, the highest seminiferous tubule area was 0.027 mm2, the highest germinative
epithelial thickness was 0.076 mm, the highest seminiferous tubule diameter was 0.144 mm,
and the lowest relative interstitial tissue area was 1.60%. Leska et al. [33] determined the
seminiferous tubule area, germinative epithelial thickness, seminiferous tubule diameter,
and relative interstitial tissue area characteristics during the reproductive period, non-
reproductive period, and at the beginning of the reproductive period as 0.109, 0.102, 0.366,
0.17 mm2, 0.014, 0.04, 0.127, 1.80 mm, and 0.023, 0.05, 0.148, 1.68%, respectively. Although
our study was conducted at the end of the reproductive period, it found similar values to
the beginning of the reproductive period in the study by Leska et al. [33], and higher values
than the non-reproductive period, especially in the groups supplemented with vitamins
and minerals. This highlights that the varying combinations of dietary Se, Vit E, and Zn
supplements had positive results in terms of the ability to continually produce semen in
native Turkish ganders, despite advancements in age.

Reproduction in geese is seasonal and cyclical, and reproductive functions are also
known to decline towards the end of the laying period. This may be a result of the
weakening of the physiological functions in the testicular tissue [29]. The results of our
study also support this situation. In addition, Sabzian-Melei et al. [51], in their study on
broiler breeder males, found higher seminiferous tubule area and seminiferous tubule
diameter in birds fed with 30 mg/kg and 45 mg/kg Se added to the diet, similar to our
study. The increase in Sertoli and Leydig cells probably results in higher ejaculate volume
and is associated with higher spermatogenesis. This also contributes to the increase in
seminiferous tubule diameter and epithelium thickness [51,52]. In our study, moderate
to strong phenotypic correlations (0.49 to 0.67) observed between antioxidative enzyme
activity and histological parameters revealed the stimulating effect of dietary treatments,
such as Se, Vit E, and Zn, to increase and maintain an ability to produce sperm in testicular
cells, despite advancements in age.

5. Conclusions

This study showed that the simultaneous supplementation of dietary Se + Vit E + Zn
in native Turkish ganders had positive effects on testicular tissues, reducing oxidative
damage and improving histological parameters. The fact that the seminiferous tubule
area, germinative epithelial thickness, and seminiferous tubule diameter are higher than
in the control group is an important finding for the continuity of sperm-producing ability.
It has been shown that antioxidant vitamins and minerals (Se, Vit E, and Zn) increase
sperm production ability in the testes without impairing the physiological traits of ganders.
However, further studies are needed to reveal the fertilization ability and quality of this
sperm produced for total reproductive efficiency in 1-year-old native Turkish ganders.
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