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The cauda epididymis contains mature spermatozoa capable of fertilization, with acrosomal integrity being a crucial & S § = )
factor in their function. Damage to the acrosome impairs the viability and fertilizing ability of spermatozoa. & o — o —
Conventional staining methods, such as Giemsa or fluorescence microscopy, are effective but less practical in low- ¢, » Z = <
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resource settings. The present study aimed to evaluate damage to the acrosomal cap of cauda epididymal ©°Bga
spermatozoa in Bali cattle and to assess the integrity of the acrosomal cap using Giemsa and natural dyes such as 5 3 [ S >
turmeric, beetroot, and areca nut extract. The present study utilized cauda epididymal spermatozoa from Bali cattle & g S n A
aged 3-4 years and weighing 316-412 kg. The study employed a completely randomized design with four treatments, NSIN -
each replicated 20 times. The treatments were Giemsa stain 100% (Control, P0), 10% Giemsa + 90% turmeric ., ¢ 0
extract (P1), 10% Giemsa + 90% beetroot extract (P2), and 10% Giemsa + 90% areca nut extract (P3). Using § |-'_|-|

a1

Giemsa and natural dyes resulted in different colors of spermatozoa acrosomes. The PO preparations exhibited a dark
purple coloration, P1 appeared yellowish, corresponding to the turmeric pigment, and P3 appeared bluish, while P2
demonstrated no detectable staining on the slides. The acrosomal caps of spermatozoa in PO were dark purple, those
in P1 were yellowish, and those in P2 and P3 were unstained (Transparent or faint). The average acrosomal cap
integrity was the highest in PO, followed in order by P1, P2, and P3. Based on the current findings, it can be
concluded that P1, P2, and P3 signified acrosomal cap integrity in cauda epididymal spermatozoa of Bali cattle.
However, P1 produced the best results, showing a distinguishable color and the highest acrosomal cap integrity
score (86.9 £ 2.0%). Beetroot and areca nut extracts produced weaker staining and lower acrosomal integrity values.
Therefore, turmeric extract may serve as a practical, cost-effective, and environmentally friendly alternative for
acrosome evaluation in veterinary reproductive laboratories, particularly in resource-limited settings.
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INTRODUCTION

Slaughterhouse operations involving cattle not only produce meat but also generate several by-products, including
reproductive organs, which are often discarded as waste. The waste products generated in slaughterhouses include the
testis and epididymis, which represent reproductive tissues with untapped potential, particularly as sources of viable
spermatozoa that remain functional for 24 to 48 hours when stored appropriately in a refrigerator at 5°C (Abu et al.,
2016). The epididymis is anatomically divided into three regions, including caput, corpus, and cauda, with the cauda
epididymis serving as the primary reservoir for mature spermatozoa before ejaculation (James et al., 2020). The success
of fertilization within the female reproductive tract is heavily dependent on the quality of the spermatozoa, particularly
the structural and functional integrity of the acrosomal cap (He et al, 2022). The acrosome, which overlays the
spermatozoa nucleus, contains hydrolytic enzymes such as hyaluronidase and acrosin, which are essential for penetrating
the zona pellucida during fertilization (He et al., 2022). Preservation of acrosomal integrity is vital; damage to the
acrosomal spermatozoa structure impairs spermatozoa function and may compromise fertilization, ultimately affecting
conception rates (Sun et al., 2020).

Acrosomal damage may result from alterations in the lipid composition of the spermatozoa membrane, disrupting its
stability and increasing susceptibility to structural degeneration (Tethool et al., 2022). Moreover, defects in acrosome
formation may arise from abnormalities in spermatogenesis, particularly due to the failure of the Golgi apparatus in
spermatids to produce a functional acrosome. For successful fertilization, spermatozoa should possess an intact acrosome
capable of undergoing a timely acrosome reaction, which facilitates the release of enzymes such as acrosin,
hyaluronidase, and corona-penetrating enzymes, thereby enabling spermatozoa penetration through the zona pellucida
(Khan et al., 2024). Assessment of acrosomal integrity is commonly performed using the chlortetracycline fluorescence
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staining technique (Banas et al., 2024). While effective, the evaluation of acrosomal integrity using chlortetracycline
fluorescence requires advanced laboratory equipment, such as a fluorescence microscope, and is therefore less suitable
for routine or field-based applications (Kumar et al., 2019). Giemsa staining is a widely used cytological technique for
visualizing cellular components, including the acrosomal structure. While Giemsa is considered a reliable agent for
assessing acrosomal integrity, its application may be constrained by high costs and limited availability, particularly in
remote or resource-limited laboratory settings (Kutvolgyi et al., 2006). The limitations associated with Giemsa staining
have encouraged the search for alternative staining solutions utilizing natural pigments that are more accessible, cost-
effective, and environmentally sustainable (Chowdhury et al., 2014; Alegbe and Uthman, 2024).

Natural dyes such as those extracted from turmeric (Curcuma longa), areca nut (Areca catechu), and beetroot (Beta
vulgaris) have demonstrated potential as biological stains (Nirmala and Puspitasari, 2017; Obeta et al., 2022). Turmeric
contains curcuminoids, primarily curcumin, desmethoxycurcumin, and bisdemethoxycurcumin, which provide an intense
yellow pigment and have been used to stain plant tissues effectively (Amalraj et al., 2017; Manasa et al., 2023). Areca
nut is rich in flavonoid pigments that impart a deep orange color, and its extract has yielded clear and contrasting tissue
staining results (Sharan et al., 2012). Beetroot contains betalain pigments, specifically betacyanin and betaxanthins,
which offer vibrant red to purple coloration and possess potent antioxidant properties, including high vitamin C content
(Liliana and Oana-Viorela, 2020). Given their biochemical properties and natural pigment content, these plant-based
extracts have the potential to serve as alternative staining agents for acrosomal evaluation. The application of natural dye
extracts could facilitate the development of simpler, safer, and more sustainable staining protocols that are better suited
for use in veterinary laboratories, particularly in resource-limited settings (Alegbe and Uthman, 2024). The present study
aimed to evaluate the effectiveness of turmeric, areca nut, and beetroot as natural dyes in identifying the acrosomal cap
and assessing the acrosomal integrity of cauda epididymal spermatozoa in Bali cattle, to establish a more practical and
environmentally friendly alternative to conventional staining methods such as Giemsa.

MATERIALS AND METHODS

Ethical approval

All procedures carried out in the present study complied with the operational protocols of the slaughterhouse located
in Manokwari Regency, West Papua, Indonesia. The study was conducted with official research approval under permit
number 061/UN42.3/PP/2023. Cauda epididymal tissues were obtained following the completion of the slaughter
process.

Animals and materials

The present study utilized cauda epididymal spermatozoa from Bali cattle aged 3-4 years and weighing 316-412 Kkg.
Cauda epididymal samples were obtained from 20 Balinese cattle slaughtered at the slaughterhouse in Manokwari
Regency, West Papua, Indonesia. The cauda epididymis was placed in a thermos containing warm water (30-40 °C) and
immediately transported to the laboratory for further observation. The materials used included Giemsa stain (Merck
Millipore, Germany), methanol 70% (Merck Millipore, Germany), phosphate buffer (Bioenno Tech, USA), ethanol 90%
(Merck Millipore, Germany), eosin-nigrosin (Merck Millipore, Germany), distilled water, and warm water. Natural
staining agents were derived from turmeric (Curcuma xanthorrhiza Roxb.), areca nut (Areca catechu L.), and beetroot
(Beta vulgaris L.; Figure 1). Each plant material, weighing + 500 grams, was procured from local sources in Manokwari,

West Papua, Indonesia.
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Figure 1. The used plants as natural dyes for acrosomal cap visualization in cauda epididymal spermatozoa of Bali cattle. A: Turmeric
(Curcuma xanthorrhiza Roxb), B: Areca nut (Areca catechu L), and C: Beetroot (Beta vulgaris L.).
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Experimental design

An experimental study was conducted using a completely randomized design with 20 Bali cattle aged 3-4 years. The
study employed four treatments, each replicated 20 times, including 100% Giemsa stain solution (Control, P0), 10%
Giemsa stain solution + 90% turmeric extract (P1), Giemsa stain solution 10% + beetroot extract 90% (P2), and Giemsa
stain solution 10% + areca nut extract 90% (P3). The percentage of plant extract used was based on the studies of
Hartika et al. (2021), Shankar et al. (2022), and Mulia et al. (2022), which demonstrated that the optimal staining for
each spermatozoa preparation using plant-based dyes was achieved with a compaosition of 90% natural extract combined
with 10% Giemsa solution. This percentage was applied to facilitate the preparation of the staining solution, with a total
volume of 200 mL composed of 10% Giemsa staining solution and 90% of each respective natural dye.

Preparation of staining solutions

Giemsa solution

The Giemsa staining solution was prepared by slowly adding 3 mL of Giemsa to a standard phosphate buffer
solution, followed by the addition of 35 mL of distilled water. The mixture was stirred until homogenized (Tethool et al.,
2022).

Natural dye extracts

The natural dye solutions were prepared based on preliminary trials conducted by the study of Tethool et al. (2022)
using the following steps. Initially, fresh turmeric and beetroot (each 500 grams) were peeled, washed, and cut into small
pieces. Then, each was ground using a chopper, and the juice was extracted. A total of 20 mL of each extract was mixed
with 10 mL of methanol, 10 mL of phosphate buffer, and 35 mL of distilled water. The areca nuts were crushed, added to
100 mL of distilled water, and heated. A 30 mL aliquot of areca nut extract was then combined with 10 mL phosphate
buffer and 30 mL distilled water. The extraction process of each natural material resulted in a final volume of £ 40 mL.

Evaluation of cauda epididymal spermatozoa

Spermatozoa motility

To evaluate motility (%), a 5 pL aliquot of spermatozoa from the cauda epididymis was dispensed onto a
microscope slide, followed by the addition of one drop of sodium chloride solution (Widarta Bhakti, Indonesia). The
preparation was covered with a coverslip and examined under a light microscope (Olympus CX 31, Japan) at 400x
magnification (Gustina et al., 2022).

Spermatozoa concentration

A volume of 10 pL semen was mixed with 990 uL of sodium chloride solution in a microtube to achieve dilution.
From the semen and sodium chloride mixture, 10 ul was drawn and placed into both chambers of a hemocytometer
(Marienfeld, Germany). Spermatozoa concentration (x10’/mL) was determined by averaging the counts from two
separate grid areas (Santoso et al., 2021; Cipriani et al., 2023).

Spermatozoa viability

Assessment of spermatozoa viability (%) was carried out using eosin-nigrosin staining. A 5 uL semen sample was
combined with 20 pL of eosin-nigrosin solution on a glass slide, mixed evenly, and then smeared into a thin layer for
evaluation (Tethool et al., 2022). Spermatozoa viability assessment was performed using a microscope (Olympus CX 31,
Japan) set at 400x magnification.

Spermatozoa abnormality

A thin smear was prepared using eosin-nigrosin-stained semen and examined under a microscope (Olympus CX 31,
Japan) at 400x magnification. Spermatozoa abnormalities (%) were calculated as the percentage of abnormal
spermatozoa from a total of 200 spermatozoa, including abnormalities of the head and tail (Suhardi et al., 2020).

Acrosomal integrity

Spermatozoa were collected from the dissected cauda epididymis, smeared onto glass slides, and air-dried for
approximately five minutes. Slides were fixed in formalin 5% (Merck, Germany) for 30 minutes at 37°C, rinsed with
distilled water, air-dried again, and then immersed in Giemsa stain for 4 hours at 37°C (Chowdhury et al., 2014;
Prihantoko et al., 2020).

Statistical analysis

All data were analyzed using SPSS software version 25.0 (IBM). A one-way ANOVA was performed to assess
differences among treatments, followed by Duncan’s post hoc test. Statistical significance was set at a p-value less than
0.05 (p < 0.05).
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RESULTS AND DISCUSSION

Color characteristics of spermatozoa stained by natural dyes

Samples that were stained using Giemsa and natural dyes exhibited distinct coloration (Figure 2). The control group
(PO) stained with Giemsa appeared dark purple (Figure 2A), while preparations treated with turmeric extract (P1) were
yellowish, consistent with the natural pigment content of turmeric (Figure 2B). Group P2, which used beetroot extract,
demonstrated no detectable coloration (Figure 2C), while P3 preparation appeared bluish (Figure 2D). According to
Nemzer et al. (2011), beetroot contains the red pigment betacyanin; however, in the present study, the combination of
beetroot extract and Giemsa resulted in a diluted base color, namely red. Furthermore, the concentration of beetroot
extract used was relatively low, approximately 31 mL, leading to a translucent appearance. The coloration observed in
each preparation, such as turmeric extract stain (P1), beetroot extract stain (P2), and areca nut stain (P3), reflected the
presence of active compounds in the dye materials. The yellowish tint in P1 is attributable to curcuminoids in turmeric
(Ciuca and Racovita, 2023). These phenolic compounds, comprising curcumin, monodesmethoxycurcumin, and
bisdemethoxycurcumin, are responsible for the yellow staining (Basha et al., 2024).

D

Figure 2. Staining of a 3-4-year-old Bali cattle sperm using natural dyes. A: Giemsa staining, B: Turmeric extract staining, C: Beetroot
extract staining, and D: Areca nut extract staining.

According to Rautela et al. (2020), preparations stained with Giemsa for acrosomal cap evaluation showed a similar
purple color as observed in the present study (Figure 2A). Preparation P3 exhibited a bluish hue, which contrasts with the
findings of Ati et al. (2010), who reported that areca nut pigments (Flavonoids) produce an orange coloration. The
observed difference is presumably due to the dominant staining effect of Giemsa, which overrides the natural pigment of
areca nut. Additionally, preparations stained with beetroot extract demonstrated only a faint and transparent coloration.
Acrosomal cap coloration varied among treatments in PO and P1 (Figure 3A and 3B). Preparations stained with Giemsa
(P0) produced a clearly defined purple acrosomal cap (Figure 3A), as Giemsa binds to membrane proteins of the sperm
(Prihantoko et al., 2020). Spermatozoa in preparation P1 exhibited a yellowish acrosomal cap (Figure 3B), resulting from
the turmeric extract. The acrosomal cap was distinctly visible when stained with turmeric dye in P1 treatment. In
contrast, P2 and P3 produced pale or transparent caps (Figures 3C and 3D), indicating possible acrosomal damage. This
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is supported by Tethool et al. (2022), who noted that damage to the spermatozoa acrosome results in faded or pale
staining.

Figure 3. Acrosomal cap staining of a 3-4-year-old Bali cattle spermatozoa using natural dyes. A: Giemsa staining, B: Turmeric extract
staining, C: Beetroot extract staining, D: Areca nut staining.

Integrity value of the spermatozoa acrosomal cap

An intact acrosomal cap plays a vital role in spermatozoa functionality, as it reflects their competence to recognize
and adhere to the zona pellucida of the oocyte, trigger the acrosome reaction, and facilitate the enzymatic processes
required for fertilization (Leung et al., 2023). Fertilizing capability is influenced by parameters such as motility,
membrane integrity, and acrosome status (Bernecic et al., 2021). The acrosome plays a critical role in fertilization, as its
interaction with the zona pellucida triggers the release of enzymes such as acrosin, hyaluronidase, and corona-
penetrating enzymes, allowing spermatozoa to penetrate (Hirohashi and Yanagimachi, 2018).

The percentage of intact acrosomal caps detected with natural stains showed a significant difference between P1 and
P3 (p < 0.05). Among all treatment groups, the Giemsa-stained group (PO) indicated the highest mean percentage
(87.4£2.7%), with a slightly lower value observed in P1 (86.9 £2.0%). In contrast, the mean percentages in P2 and P3
were comparatively lower, at 84.5 £ 5.6% and 84.4 + 4.3%, respectively (Figure 4). Giemsa is known to have a strong
affinity for proteins, enabling it to stain the acrosome of spermatozoa effectively. The specific proteins, such as serine
protease, the acrosin-binding protein (Sp32), and B-galactosidase (Nadgas et al., 2016), in the spermatozoa membrane
bind to the dye, enabling clear visualization and differentiation. The acrosome, located at the anterior portion of the
spermatozoa head, is essential as it contains key enzymes required for oocyte penetration during fertilization. Intact
acrosomal membranes are crucial for maintaining the fertilization potential of spermatozoa (Fannessia et al., 2015).
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Damage to the acrosome, particularly to its membrane, can compromise fertilization capability, reduce motility, and lead
to cell death.

A cost-effective and straightforward method to evaluate acrosomal integrity involves Giemsa staining (Kumar et al.,
2018). In spermatozoa with intact acrosomes, Giemsa produces a more intense (Dark purple) staining in the acrosomal
region, indicating membrane integrity and preserved protein structure. Conversely, spermatozoa with damaged
acrosomes exhibit fainter or unclear staining (Light purple), reflecting compromised membrane integrity (Prihantoko et
al., 2020). In contrast, the staining ability of natural dyes is influenced by their varied chemical composition, such as
carbohydrates, proteins, minerals, essential oils (Phellandrene, sabine, cineol, borneol, zingiberene, and sesquiterpenes;
Athala, 2021; Hartika et al., 2021). In cases of acrosomal damage, staining efficiency may be compromised, leading to
weak or inconsistent coloration. Additionally, morphological abnormalities, particularly in the spermatozoa head region,
can indicate disruptions in the plasma membrane and acrosomal integrity (Esteves, 2007).

Intact Acrosomal Cap
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Figure 4. The percentage of intact acrosomal caps in Bali cattle (3-4 years old) across different treatments. > Different superscript letters
indicate significant differences (p < 0.05) among treatments.

Characteristics of cauda epididymal Bali cattle spermatozoa

The characteristics of Bali cattle cauda epididymal spermatozoa observed in the present study included motility,
concentration, viability, and abnormality (Table 1). These parameters are crucial for successful fertilization (Tanga et al.,
2021).

Table 1. Characteristics of Bali cattle cauda epididymal spermatozoa aged 3-4-year-old

No Parameter Value

1 Motility (%) 69.0 £ 0.02
2. Concentration (x107/mL) 386.0 + 19.61
3. Viability (%) 86.1 +2.08
4 Abnormality (%) 1412 +2.13

According to the findings of Rombe et al. (2023), three-year-old Bali cattle demonstrated a higher spermatozoa
concentration from all experimental groups before the application of natural dye treatment (p < 0.05) compared to
younger (2-2.5 years old) bulls, indicating that age influences spermatozoa concentration. Motility is a common indicator
of fertility in males (Santoso et al., 2021). The observed motility represented the overall motility value across all
experimental groups before the application of natural dyes. The motility value in all experimental groups before the
application of natural dye treatments was 69.0 + 0.02%, slightly lower than that documented by Rombe et al. (2023),
which was 71.2 £ 6.2%, and Wattimena et al. (2009), which was 75% (p < 0.05). This discrepancy may be due to
differences in age, energy storage (ATP), and spermatogenesis maturity (James et al., 2020; Park and Pang, 2021).
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Higher spermatozoa concentration correlates with higher conception rates (Keihani et al., 2021). The present study
reported that the spermatozoa concentration of all experimental groups before the application of natural dye treatments
was 386.0 + 19.61 x 10”/mL, which was higher than 310.1 £+ 60.7 x 107/mL reported by Rombe et al. (2023; p < 0.05),
likely due to differences in rearing systems and feeding (Kudratullah et al., 2024). Viability, indicating the percentage of
live spermatozoa post-dilution (Komariah et al., 2023). In all experimental groups, before the application of natural dye
treatment, the percentage of cells was recorded at 86.1 + 2.08%, lower than the 95.9 + 1.1% reported by Rombe et al.
(2023; p < 0.05). These differences may result from variation in the collection time of the cauda epididymal and cattle
type. Early collection post-slaughter yields better sperm quality (Sarsaifi et al., 2013; Harissatria et al., 2018; James et
al., 2020). Live spermatozoa exhibited clear, unstained heads, whereas nonviable ones absorbed dye and appeared purple
in all groups, consistent with Ducha (2012) and Ugur et al. (2019), who reported that compromised membrane
permeability allows dye penetration. Spermatozoa abnormalities in all groups before the application of natural dye
treatments were lower (14.12 + 2.13%) than those reported by Rombe et al. (2023), at 20.6 + 8.8% (p < 0.05). The low
level of spermatozoa abnormalities may be due to reduced cold shock and osmotic imbalance, which cause structural
damage (Gustina et al., 2023). Abnormalities can arise from primary factors, such as age, physical condition, and breed,
or secondary factors, including handling and technical errors during laboratory procedures (Harissatria et al., 2018).

CONCLUSION

The combination of Giemsa with turmeric extract, beetroot extract, and areca nut extract was capable of identifying
intact acrosomal caps in cauda epididymal spermatozoa of Bali cattle aged 3-4 years old. However, Giemsa combined
with turmeric extract produced the most promising results, as reflected by the highest percentage of intact acrosomal
caps (86.9 + 2.0%) and clear staining outcomes. The Giemsa preparations exhibited a dark purple coloration, turmeric
extract appeared yellowish, corresponding to the turmeric pigment, and areca nut extract appeared bluish, while beetroot
extract demonstrated no detectable staining on the slides. Therefore, turmeric extract may serve as a practical, cost-
effective, and environmentally friendly alternative for acrosome evaluation in veterinary reproductive laboratories,
particularly in resource-limited settings. Further investigations are necessary to evaluate the effectiveness of turmeric
extract in assessing acrosomal integrity in spermatozoa from different livestock species, as well as under different semen
preservation conditions, including fresh, diluted, and cryopreserved samples. In addition, the biochemical interactions
between turmeric pigments and sperm cell components should be explored to elucidate the underlying staining
mechanism.
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