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Staining is a manual technique used to assess sperm viability. Eosin stain is commonly used for sperm
evaluation but concerns regarding potential toxicity and genotoxicity restricts its application. This
study aimed to evaluate Brilliant Blue FCF, a potentially safer food-grade dye, as an alternative to
cosin for sperm staining. Sperm viability, head morphology, and stain osmolality were evaluated in
this study. Frozen-thawed bovine semen was divided into two groups and stained with either eosin or
Brilliant Blue FCF, both at 2% (w/v) concentration. No significant difference in sperm viability be-
tween groups (eosin 73.63+6.76%; brilliant blue FCF 78.22+3.93%; P=0.102) was observed. Mor-
phology measurements suggested that Brilliant Blue FCF preserved sperm morphology similarly to
eosin. Osmolality values were 165 mOsmol/kg for eosin and 399 mOsmol/kg for Brilliant Blue FCF,
and van’t Hoff factors: 5.148 and 15.817, respectively. The results demonstrated that Brilliant Blue
FCF is a comparable alternative to eosin for routine sperm viability assessment.
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Enhancing feeder cattle populations relies
on optimising sperm quality to increase
beef production. Since optimal sperm
quality is essential for successful fertilisa-
tion, evaluating both fresh and frozen se-
men plays a key role to determine repro-
ductive capacity, cryopreservation poten-
tial, and semen straw quality for artificial
insemination. Sperm analysis methods
vary from manual to automated, with

computer-assisted sperm analysis (CASA)
being widely used but more costly and
time-consuming than manual approaches
(Ebrahimi & Parham, 2020). CASA also
requires further refinement for broader
application and remains less definitive
than manual assessment (Talarczyk-Deso-
le et al., 2017).

Staining is a standard manual tech-
nique used in sperm evaluation, including
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in veterinary applications (Soleimanzadeh
et al., 2020), with a specific focus on pa-
rameters such as viability and morpholo-
gy. Viability is especially important in
assessing both fresh and frozen semen.
These tests rely on dyes that indicate plas-
ma membrane permeability: spermatozoa
with intact membranes exclude the dye
(dye exclusion assay) (Susilawati, 2011).
Eosin, a synthetic xanthene dye, is
commonly used in sperm evaluation due
to its effective staining properties (Izanloo
et al., 2022). However, several limitations
have been reported, including alterations
in sperm morphometry (Kumar et al,
2017; Xu et al., 2022). Research shows
that different staining protocols can alter
the morphometric structure of sperm cells,
making it difficult to accurately determine
sperm cell size and thereby affecting the
objectivity of measurements (Szablicka et
al., 2022). These morphometric changes
in sperm cells are strongly suspected of
impairing key physiological functions
(Matabane et al., 2017). The staining
should not damage the cells during con-
tact, or this damage can cause bias in the
measurements (Buranaamnuay, 2019).
Furthermore, the widespread use of eosin
in sperm viability assays also raises signif-
icant health and environmental concerns
due to its documented toxicity. Eosin pos-
es potential health risks to both humans
and animals, thus requiring cautious han-
dling to avoid harmful exposure (Mohan-
das et al., 2019). Eosin is classified under
hazard codes H319 and H341 according
to the Globally Harmonized System of
Classification and Labelling of Chemicals
(GHS) (UNECE, 2025). H319 denotes the
potential to cause serious eye irritation,
while H341 indicates possible genetic
mutations and risks to germ cell DNA
(NCBI, 2024). Therefore, exploration of
safer, more widely available, and cost-

effective alternatives is necessary to sup-
port more sustainable sperm evaluation
practices.

Erythrosine B, a food-grade dye, has
been introduced as a vital stain for detect-
ing viable and non-viable cells, demon-
strating the potential application of food
dye in cell viability assessment (Aslan-
tirk, 2017). Food-grade dyes, such as
tomato red and green, can substitute eosin
in tissue staining, showing similar effec-
tiveness and clarity to standard haematox-
ylin-eosin, as shown by Sarode et al.
(2022). Another study observed that natu-
ral pigments from food can effectively
stain dead paramecium cells (Yamashita
& Tokunaga, 2020). Brilliant Blue FCF
and other food dyes are reported to be
non-toxic and non-carcinogenic (Flury &
Fliihler, 1994; Borzelleca et al., 1990),
with high LDs, values indicating low
acute toxicity. While LDs, does not meas-
ure effects on sperm, it gives an initial
safety indication. Brilliant Blue FCF can
act as an alternative dye in cell biology
(Chau et al, 2011). Viability tests can
further assess cytotoxicity on spermato-
zoa. The principle of differential staining
relies on the integrity and permeability of
cell membranes to allow or reject the pen-
etration of dyes into cells, so all charged
materials that do not easily pass through
the membrane have the potential to be-
come viable dyes. Brilliant Blue FCF as a
differential dye candidate is supported by
its strong anionic properties in liquid sus-
pensions due to the content of three
sulfonate groups (German-Heins & Flury,
2000), solubility in and its molecular size
(793 g/mol (NCBI, 2025).

Compared to eosin, food dyes are
more readily available, less expensive,
and less toxic. Their safety is ensured by
strict food safety regulations, such as
those from the Indonesian National Agen-
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cy of Drug and Food Control (BPOM).
Based on these findings, food dyes, par-
ticularly Brilliant Blue FCF, are promis-
ing as eosin alternatives for sperm evalua-
tion.

This study evaluates whether Brilliant
Blue FCF can serve as a safer, more ac-
cessible alternative to eosin in sperm via-
bility assessment by directly comparing
their staining effectiveness and cytotoxici-
ty. The osmolality of the dye solution, the
staining ability of the sperm cell viability
assay, and possible changes in cell mor-
phology were determined to find out
whether Brilliant Blue FCF accurately
distinguishes live and dead spermatozoa
to develop a new staining protocol for
routine semen evaluation. This outcome
could promote safer laboratory practices
and advance reproductive biotechnology
in livestock.

The data was collected in August
2025, at the Integrated Laboratory,
Universitas Tidar, Magelang, Indonesia.
Osmolality testing was carried out at the
Laboratory of Radioisotope and Radio-
pharmaceutical Testing, National Re-
search and Innovation Agency (BRIN),
South Tangerang, Indonesia using an
OSMETTE™ 5002 Automatic High Sen-
sitivity Osmometer (Precision Systems
Inc., Natick, MA, USA), The materials
used included eosin Y CI No. 45380, Bril-
liant Blue FCF CI No. 42090 food dye,
double-distilled water (ddH,0), bull se-
men (in 0.5 mL straws) SNI 4869-1:2021,
and warm water (37°C). No live animals
were included in any of the experiments
described in this article. Frozen bovine
semen used for this study was produced
by an Artificial Insemination center
(BIB), certified by ISO 9001:2015 in Di-
rectorate General of Livestock and Ani-
mal Health Services, Ministry of Agricul-
ture, Indonesia. The study employed two
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treatment groups: a control group using
eosin dye and a treatment group using
Brilliant Blue FCF. Each group included
ten replicates.

The dye preparation stage consisted of
weighing 1 g of each dye (eosin and Bril-
liant Blue FCF) using an analytical bal-
ance, immediately dissolving each in 50
mL of ddH,0O using a magnetic stirrer to
obtain a 2% (w/v) fine mixture.

Microscopic evaluations were done
with a digital microscope (OPTIKA B-
190 series, OPTIKA Microscopes, Italy)
equipped with an Optilab® digital cam-
era. Digital images of sperm were cap-
tured and analysed using Image] software
(National Institutes of Health, Bethesda,
MD, USA). Sperm observation involved
two trained analysts. Prior to observation,
the software was calibrated using a stage
micrometer (1 division = 0.01 mm).

Viability was assessed using both live
and non-viable sperm samples (Ramazani
et al., 2023). Dead sperm were obtained
by storing semen straws at room tempera-
ture for one week, while live sperm straws
were thawed in 37 °C water for 30 s, then
cut at both ends, and the semen was ex-
pelled. A drop of semen was placed on
one side of a glass slide, followed by a
drop of dye at room temperature (22—
25 °C) and gently mixed. A second slide
was placed at a 45° angle to spread the
mixture into a smear. The smear was ex-
amined under a microscope at 400x mag-
nification (Izanloo et al, 2021). Unstai-
ned sperm were considered viable, while
stained sperm were considered non-viable.
Ten replicates were analysed per treat-
ment group, with at least a minimum of 10
observation fields and 200 sperm cells
assessed per slide.

Sperm morphology was observed us-
ing digital images of sperm heads (magni-
fication 400x). The sperm head area was
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calculated by approximating the head
shape as an ellipse.

Osmolality of both 2% dye solutions
was measured by placing 2 mL of each
solution into the bath fluid and measuring
the freezing point depression relative to
pure water.

The data were tested for normality us-
ing the Shapiro-Wilk test. Differences
between group means were analysed using
independent-samples t-test at the 5% sig-
nificance level (P<0.05). Post hoc power
analysis was based on observed effect
sizes (Cohen’s d), 0=0.05, and n=10 per
group. Results were presented as mean =+
standard deviation (IBM SPSS Statistics
26, IBM Corp., Armonk, NY, USA).

Fig. 1A shows sperm stained with eo-
sin, where the head and tail structures
were clearly observed with a purplish pink
color against a pink background, and Fig.
1B shows sperm stained with Brilliant
Blue FCF, displaying a greenish-blue
background and distinguishable sperm
head and tail structures in light micro-
scope optics.

The present study observed that both
dyes, as anionic dyes, penetrated into the
sperm cytoplasm in dead or damaged
sperm cells; in contrast, these dyes do not
penetrate the intact membrane of viable

cells due to the negative charge of the cell
membrane (Buranaamnuay, 2019). Bril-
liant blue FCF produced sufficient con-
trast between the sperm and background.
In accordance with the present result, bril-
liant blue FCF has greater solubility and is
predominantly anionic, properties that
have been explained by several studies
(German-Heins & Flury, 2000; NCBI,
2025). Brilliant blue FCF has also been
reported as an alternative dye in cell biol-
ogy (Chau et al., 2011).

Statistical analysis revealed no signifi-
cant difference  between the staining
method in terms of sperm viability (Table
1) or head morphometry (Table 2).

A post hoc power analysis was con-
ducted for sperm viability percentage.
Using an effect size of d = 0.83 and a
sample size of n = 10, the statistical power
was estimated at approximately 0.42. The
statistical power of width, length, and
sperm area, respectively, was estimated at
0.22, 0.19, and 0.26. This indicates that
the study may have been underpowered to
detect moderate differences between stain-
ing methods.

Osmolality testing showed that Brilliant
Blue FCF had a higher osmotic pressure
than eosin at the same concentration of 2%
(Table 3).

Fig. 1. Sperm stained with eosin (A) and Brilliant Blue FCF (B) (x400; scale bar 10 pm).
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Table 1. Sperm viability (mean + SD, n=10)

Stain Sperm observed Viable sperm Viability (%)
Eosin 215.00+9.38 158.78+20.49 73.63+6.76
Brilliant Blue FCF 215.44+14.23 168.67+15.75 78.22+3.93
Table 2. Sperm head morphometry (mean + SD, n=10)

Stain Width (um) Length (um) Area (um?)
Eosin 4.21+0.29 8.34+£0.33 27.58 £2.56
Brilliant Blue FCF 391+£0.64 8.17+0.27 25.11 +£4.57

Table 3. Osmolality of 2% stain solutions

Stain Molecular Osmolality
weight (g/mol) (mOsm/kg)

Eosin 624.06' 165

Brilliant 5

Blue FCF 792.84 399

' NCBI (2024); 2 RSC (2024).

Van’t Hoff factor (i) representing the
solute activity in the solution was calcu-
lated using the formula:

mOsm _ mass (g/L)x1000x (i)
L Molecular weight (g/mol)

The calculated i were 5.148495 for eosin
(2%) and 15.81716 for Brilliant Blue FCF
(2%).

Brilliant blue FCF demonstrated suffi-
cient staining ability to visualize sperma-
tozoa, allowing clear discrimination be-
tween viable and non-viable cells based
on membrane integrity. Although eosin
provided slightly higher contrast, the non-
toxic nature of Brilliant Blue FCF and its
acceptable staining performance support
its suitability as an alternative stain for
dye exclusion assay, especially consider-
ing safety aspects in laboratory settings.

Results of this study showed no statis-
tically significant differences between
eosin and Brilliant Blue FCF in sperm
viability (Table 1) despite the slightly
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higher mean viability observed in the Bril-
liant Blue FCF group. It may be associat-
ed with its lower toxicity and solution
osmolality that is closer to physiological
conditions. The principle of viability test-
ing relies on the permeability of the sperm
plasma membrane to exclude the dye as
the sole element in the dye exclusion as-
say (Kumar et al., 2017). Simply put, liv-
ing sperm cells with a healthy plasma
membrane will not absorb the dye; on the
contrary, dead cells will absorb the colour.
Previous studies have examined the ef-
fects of various dyes and have found dif-
ferences in sperm viability test results
(Johnson et al., 1995; Pintado ef al., 2000;
McAlister, 2010). In terms of viability as-
say, the most important thing is to ensure
values that are most similar to the results
obtained on fresh, unstained semen.
Sperm head morphometry is important
to early determine the fertilisation capaci-
ty. A previous study found that sperm
morphology influences fertilisation (Ma-
roto-Morales, 2016), while sperm with
round heads remain slower than those
with elongated heads (Brito et al., 2011;
Szablicka et al., 2022). In this study, mor-
phometric measurements were performed
in the two groups to confirm that the stain-
ing process did not compromise cellular
integrity. Differences in osmolality may
explain minor variations; eosin’s hypoton-
ic environment (165 mOsm/kg) and Bril-
liant Blue FCF’s moderate hypertonicity
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(399 mOsm/kg). Although Brilliant Blue
FCF has a smaller size, morphometry val-
ues with both stains remained within the
normal bovine sperm range (Table 2) as
described in previous studies: normal bull
sperm heads of around 7.6-10.3 pm in
length and width ranging from 3.9-4.8 um
(Das et al, 2023; Sevilla et al, 2025)
confirming that Brilliant Blue FCF did not
induce structural distortion. Alterations in
sperm morphometrics were observed fol-
lowing hypoosmotic (150 mOsm/kg) and
hyperosmotic exposure (355 mOsm/kg),
together showing alterations in sperm
head area immediately after the addition
of sperm (Guthrie et al., 2002; Lavanya et
al., 2021). Changes in osmotic pressure
may affect the dimensions of the sperm
cell, as water penetrates into the cyto-
plasm to achieve osmotic balance. Chang-
es in sperm head dimensions may increase
the cell membrane, thereby disturbing the
surface area-to-volume ratio. On the con-
trary, under hyperosmotic conditions, wa-
ter is lost and induces shrunken sperm
heads (Banaszewska et al., 2015).

The calculated van’t Hoff factors re-
flect the degree of ion dissociation or so-
lute activity in solution. The higher van’t
Hoff factor of Brilliant Blue FCF reflects
its greater osmotic activity. This could be
optimised in future formulations by re-
calculating the dye concentration using a
mathematical model, as described in the
method, to approach the optimal osmotic
tolerance range for sperm at 270-360
mOsm/kg (Guthrie et al., 2002).

Together, these findings indicate that
Brilliant Blue FCF can serve as a reliable,
safer substitute for eosin in sperm staining
protocols for both viability and morphol-
ogy assessment. Although no significant
difference was observed between both
staining methods, the sample size used in
this study (n=10) provided limited statisti-

cal power and the possibility of a Type II
error cannot be excluded. Future studies
should use larger sample sizes to improve
the sensitivity of statistical detection. In-
vestigating other sperm parameters, e.g.,
motility, membrane integrity, and acro-
some integrity, should also be considered
in the future.

In conclusion, the experimental find-
ings and analysis demonstrate that Bril-
liant Blue FCF holds potential as an alter-
native to eosin in sperm staining. With an
osmolality of 399 mOsm/kg, Brilliant
Blue FCF is physiologically closer to the
natural conditions of spermatozoa com-
pared to eosin, which has an osmolality of
165 mOsm/kg. The absence of statistically
significant differences indicates that Bril-
liant Blue FCF can preserve sperm head
morphology at a level comparable to that
of eosin within normal parameters.
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