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ABSTRACT

Sexual maturity in male guinea pigs (Cavia porcellus) is a critical biological milestone
marking the onset of reproductive capability, generally occurring between 45 to 55 days
of age under optimal conditions. This review synthesizes current scientific knowledge on
the normal developmental trajectory of sexual maturity in male guinea pigs, focusing on
the physiological, hormonal, and morphological changes involved. The process is
characterized by the activation of the hypothalamic-pituitary-gonadal axis, leading to
increased testosterone secretion, spermatogenesis initiation, and the development of
secondary sexual characteristics such as testicular growth and penile spicules. However,
this tightly regulated process is highly sensitive to a range of intrinsic and extrinsic factors
that can delay maturation with significant implications for animal breeding, research
validity, and welfare. Key factors influencing the timing of sexual maturity include
nutritional status, environmental conditions, genetic background, and health status.
Severe nutritional deficiencies, particularly in protein and vitamin C, can substantially
retard sexual development by disrupting hormonal balance and limiting energy resources
necessary for growth. Environmental factors such as photoperiod, temperature, and social
stress also modulate maturation timing, with males exhibiting greater sensitivity than
females. Genetic and strain-specific differences contribute to individual variability in
developmental rates. Furthermore, infectious diseases and metabolic disorders during
juvenile stages adversely affect reproductive development by diverting physiological
resources to immune responses. Understanding these factors is essential for optimizing
guinea pig husbandry practices in laboratory and domestic settings, enhancing breeding
program outcomes, and ensuring the welfare of these animals. This review highlights the
importance of integrated management approaches encompassing nutrition, environment,
health monitoring, and genetic considerations. Future research directions include
exploring epigenetic regulation, nutritional genomics, and advanced reproductive
technologies to further unravel the complex mechanisms controlling sexual maturation
and to improve breeding efficiency and animal welfare.
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INTRODUCTION

The domestic guinea pig (Cavia porcellus) serves as an
important animal model in biomedical research and has
become increasingly popular as a companion animal
(Shomer et al., 2015). Understanding the normal
parameters of sexual development and the factors that can
disrupt this process is essential for successful breeding
programs, research protocols, and animal welfare
considerations. Unlike many other laboratory rodents,
guinea pigs are born as precocial young with advanced
developmental status, yet their sexual maturation follows
a complex pattern influenced by multiple environmental
and physiological factors (Bauer et al. 2008; Genzer et al.,
2023). Sexual maturity in male guinea pigs represents a
critical developmental milestone that determines
reproductive capacity and influences long-term health
outcomes. The process involves coordinated changes in
the hypothalamic-pituitary-gonadal (HPG) axis, resulting in
increased testosterone production, spermatogenesis
initiation, and the development of secondary sexual
characteristics. However, this developmental process is
remarkably sensitive to external influences, making guinea
pigs an excellent model for studying environmental and
nutritional effects on reproductive development (Slob et al.
1979; Zheng et al., 2015). Recent research has revealed
significant variability in the timing of sexual maturation
among male guinea pigs, with some animals achieving
fertility as early as 17 days while others may not reach full
sexual maturity until 70 days of age or later (de Matos et
al. 2022; Quispe-Ccasa et al.,, 2023). This variability
appears to be largely attributable to modifiable factors,
suggesting that understanding and controlling these
influences could optimize reproductive outcomes and
animal welfare (Balzani & Hanlon, 2020; Emokpae &
Brown, 2021).

Normal Sexual
Guinea Pigs
Timeline of Sexual Development

Maturation Development in Male

Sexual maturity in male guinea pigs follows a predictable
developmental sequence, though the timing can vary
considerably based on multiple factors. Research utilizing
light and electron microscopy has provided detailed
insights into the cellular changes occurring during sexual
development (de Matos et al., 2022). The earliest signs of
sexual development typically appear around 14 days of
age (Figure 1), when some males begin to exhibit
mounting behavior, though this behavior is not indicative
of fertility (Young & Grunt, 1951).

At 30 days of age, microscopic examination reveals the
differentiation of spermatocytes only through transmission
electron microscopy in the leptotene, zygotene and
pachytene phases of meiosis (Holstein et al. 2003; Han et
al., 2021). During the pubertal period around 45 days,
there is differentiation of the germinative epithelium and
formation of the acrosome, however spermatozoa are not
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yet detected, indicating that the onset of puberty occurs
after 45 days of age (Simdes et al., 2016). True sexual
maturity, defined as the capacity for successful
reproduction with spermatozoa present in the epididymis,
generally occurs between 45-55 days of age under optimal
conditions (Bork et al., 1998).
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Figure 1: Timeline of sexual development in male guinea pigs from
birth to 120 days of age, showing key developmental milestones in
behavioral, hormonal, cellular, and functional categories.

Hormonal Changes during Sexual Maturation

The hormonal changes underlying sexual maturation
begin early in postnatal development. Research has
demonstrated that plasma testosterone concentrations
reach adult levels by approximately 50 days of age and
remain relatively stable throughout the pubertal period
(Arnold et al., 1996). This early testosterone elevation is
crucial for initiating spermatogenesis and the development
of accessory sex organs. The development of both Leydig
and Sertoli cells characterizes the phase of puberty and
sexual maturity (Zheng et al., 2022). Hormonal activity of
the testes appears to mature well before the first
spermatozoa are found, with testosterone levels similar to
those found in adult male guinea pigs observed at 35 days
of age. Peak testosterone levels typically occur around 70
days of age followed by a gradual decline to adult
maintenance levels (Slob et al., 1979).

Studies on testosterone secretion capacity show that
guinea pig testes have substantial steroidogenic capacity,
with perfused testes releasing 9.76 + 2.05 micrograms
testosterone per hour when stimulated with luteinizing
hormone (Zirkin et al., 1980; Mendis-Handagama et al.,
1988). This represents one of the highest testosterone
secretion rates among laboratory rodent species (Ewing et
al., 1979).

Markers of Sexual Maturity
The primary indicator of sexual maturity in male guinea

pigs is the presence of spermatozoa in the epididymis,
which typically occurs between 45-55 days of age under
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normal conditions (Quispe-Ccasa et al., 2023). This
milestone represents functional fertility, as males become
capable of successful mating and reproduction.
Concurrent with sperm production, the testes undergo
rapid growth and descent, with testicular volume
increasing significantly during the 4-8 week period
(Benavides et al., 2020).

Secondary sexual characteristics also develop during
this period, including the growth of seminal vesicles, which
can be quite large in guinea pigs and are sometimes
mistaken for uterine horns during necropsy (Ventura et al.,
1968). The development of penile spicules, specialized
keratinized structures on the penis, also occurs during
puberty and is testosterone-dependent (Ayala Guanga et
al., 2020). Recent morphometric studies of guinea pig
spermatozoa have revealed detailed characteristics that
can be used to assess reproductive maturity. Normal
spermatozoa have a nucleus length of approximately 8.25
pm, width of 7.34-7.37 um, and total sperm length
including the tail of approximately 89-90 um (Quispe-
Ccasa et al., 2023).

Individual Variation and Influencing Factors

Even under optimal conditions, considerable individual
variation exists in the timing of sexual maturity. Birth weight
appears to be a significant predictor of sexual maturity
timing, with high birth-weight animals showing a higher
incidence of advanced stages of spermatogenesis
compared to low birth-weight littermates at various ages
studied (Rubim Sacramento et al., 2022). This relationship
suggests that prenatal factors affecting fetal growth also
influence postnatal reproductive development. The timing
of testicular development appears to be determined by the
time the animals are born and seems to be largely
unaffected by severe under nutrition from 21 days of age,
though the progression of spermatogenesis can be
delayed (Glass et al., 1986). This indicates that while the
initiation of sexual development may be programmed, the
completion of the process is highly dependent on
environmental conditions. Research on wild guinea pig
species has shown that age at first conception in Cavia
aperea can vary dramatically with season of birth, from 28
days in animals born during favorable seasons to 255 days
in those born during unfavorable periods (Ribensam et al.,
2015). However, in laboratory conditions with controlled
environment and nutrition, females paired with males from
birth showed a mean age at conception of 60.6 days
(range 17 to 152 days), with twenty-one animals
conceiving at their first estrus (Fitria et al., 2022).

Nutritional Factors Affecting Sexual Maturity
Severe Under nutrition
Severe under nutrition represents one of the most

significant factors capable of delaying sexual maturity in
male guinea pigs (Slob et al., 1979).
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Research has demonstrated that males subjected to
severe nutritional restriction from 21 days of age show
dramatically delayed spermatogenesis compared to
normally fed counterparts (Slob et al., 1979; Quispe-Ccasa
et al., 2023). In severely undernourished animals with
weight gains of only 1.2 g/day compared to 10 g/day in
controls, spermatogenesis was clearly delayed (Genovese
et al., 2010).

The undernourished animals had very low plasma
testosterone levels with no overlap with normally fed
groups of the same age (Santos et al., 2004). Despite
these low testosterone levels, maintenance of
spermatogenesis seemed compatible with low plasma
levels of testosterone, suggesting that testicular
testosterone concentration rather than peripheral blood
concentration is important for spermatogenesis (Santos et
al., 2004). Historical observations documented that guinea
pigs on poor quality diets reached sexual maturity at 75-
100 days after birth, compared to 45-60 days on rich diets
and 55-70 days on usual diets. The quality of food affected
not only the timing of sexual maturity but also the physical
condition and size of the animals (de Figueiredo et al.,
2020)

Protein Deficiency during Early Development

Dietary protein content during early development has been
identified as particularly important for normal sexual
maturation. Research examining the effects of low-protein
diets (14%) versus high-protein diets (23%) during
gestation and lactation found significant effects on
offspring development (Jang et al., 2014). Protein
restriction during gestation and/or lactation resulted in
decreased body and reproductive organ weight, delayed
puberty onset, and reduced reproductive performance
(Pinheiro et al., 2008).

Recent studies on lysine requirements in breeding
guinea pigs have shown that optimal lysine levels (1.18%
of diet) improve reproductive performance compared to
lower levels (Typpo et al., 1985; Vargas-Jauja et al., 2025).
Guinea pigs receiving 1.18% lysine had offspring with the
highest birth weight (206+4.4 g) and weight gain at
weaning (197.7+8.9 g), while excessive lysine (1.34%)
caused increased young mortality (18.2%) during lactation
(Vargas-Jauja et al.,, 2025). In guinea pigs, growth is
sensitive to the quality of the maternal and early postnatal
diet, and reproductive maturation is more sensitive in
females than males (Bauer et al., 2009). However, body
weight of offspring was significantly affected by dietary
treatment in both sexes, indicating the importance of
adequate protein intake during critical developmental
periods (Le et al., 2023. The challenges of guinea pig
nutrition remain focused on efficiently satisfying protein
needs. Studies comparing different protein sources have
shown that diets containing Stylosanthes guianensis meal
achieved higher fertility rates (76.92%) and litter sizes
compared to control diets, highlighting the importance of
protein quality in addition to quantity (Ntsafack et al. 2021).
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Vitamin C Deficiency and Its Impact on Reproduction

Guinea pigs, like humans, cannot synthesize vitamin C
and are therefore dependent on dietary sources of this
essential nutrient. Recent comprehensive research has
demonstrated that vitamin C deficiency has significant
impacts on reproductive health and fertility (Chambial et
al.,, 2013). Animals receiving a low vitamin C diet (100
mg/kg feed) compared to optimal intake (900 mg/kg feed)
had an increased number of unsuccessful matings, higher
incidence of fetal reabsorption, and among pregnancies
resulting in delivery at term, produced fewer offspring
(Coker et al., 2023; Coker et al., 2024). A study concluded
that a diet low in vitamin C induces a state of subfertility,
reduces overall fecundity, and adversely impacts both
pregnancy outcomes and growth in offspring (Shukla &
Shrivastava, 2024).

Coker et al., 2023 noted that poor-quality diets deficient
in vitamin C could delay sexual maturity by 15-40 days
compared to animals receiving adequate nutrition. The
mechanism involves the role of vitamin C as a cofactor for
various enzymatic processes, including collagen synthesis
and hormone production. Vitamin C also plays a crucial
role in maintaining the integrity of blood vessels and
supporting immune function, both of which are important
for normal reproductive development (Alberts, et al.,
2025). Other studies have shown that vitamin C deficiency
can lead to impaired sperm production and function,
potentially affecting male fertility. Reduced levels of
ascorbic acid in the testes can result in oxidative damage
to sperm cells and alterations in sperm motility and
morphology (Fernandes et al., 2011). These effects can
hamper the ability to fertilize ova and contribute to sub
fertility in males.

Environmental Factors and Sexual Maturity
Photoperiod and Temperature Effects

Environmental conditions during prenatal and early
postnatal development have been shown to significantly
influence sexual maturation in male guinea pigs (Figure 2).
Research examining the effects of different photoperiod
and temperature combinations found that males exposed
to short photoperiod (8L:16D) and cold temperature (15°C)
conditions showed delayed pubertal testosterone
increases compared to those in long photoperiod (16L:8D)
and warm temperature (25°C) conditions (Quispe-Ccasa,
et al., 2023).

Mean body weight of males from long photoperiod/warm
temperature conditions was higher than that of short
photoperiod/cold temperature males during the whole
pubertal period, although the difference was significant
only during the early growth phase (Bauer et al., 2008).
Testosterone concentrations also differed significantly
between the two treatment groups, pointing to an earlier
pubertal onset in long photoperiod/warm temperature than
short photoperiod/cold temperature males (Bauer etal.,
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2008). The somatic and reproductive development is more
sensitive to early photoperiod and temperature conditions
in male than female guinea pigs, indicating sex-specific
sensitivity to environmental factors during the critical
period of sexual development (Bauer et al., 2008). This
finding has important implications for laboratory animal
facilities and breeding programs, as seasonal variations in
lighting and temperature could inadvertently affect
reproductive outcomes. Recent studies on photoperiodic
effects on sperm morphology have shown that LED light
photoperiods (10L/14D) can improve sperm quality and
accelerate reproductive maturity compared to natural
sunlight exposure (Quispe-Ccasa, et al., 2023). Guinea
pigs exposed to LED photoperiods showed earlier mating
age (61.5 *+ 0.5 days) compared to animals without direct
light stimulation (84.5 + 0.6 days), though pregnancy rates
were higher in the non-stimulated group (100% vs 50%).
Interestingly, exposure to natural sunlight with high
temperature resulted in complete reproductive failure, with
no pregnancies achieved, likely due to heat stress effects
on spermatogenesis (Quispe-Ccasa, et al., 2023). This
emphasizes the importance of controlled environmental
conditions for optimal reproductive development.

Social Housing and Stress Effects

Social housing conditions have been shown to influence
sexual maturity timing through their effects on stress
hormone production. Research on guinea pigs housed in
same-sex groups revealed that cortisol concentrations
increase during adolescence in males but remain stable in
females (Kaiser et al., 2007). This pattern was suggested
to be related to different social and energetic demands by
age and sex.

During the teenage months (4-15 months of age), males
housed in same-sex groups show characteristic increases
in cortisol, which can negatively impact growth and
reproductive development (Nemeth et al., 2024). The
mechanism involves social competition and hierarchy
establishment, which triggers stress responses that can
suppress the hypothalamic-pituitary-gonadal axis.

Studies throughout the guinea pig lifespan have
revealed age-specific changes in social buffering patterns
(Nemeth et al., 2024). In peri-adolescent individuals aged
49-61 days, exposure to unfamiliar females demonstrated
a protective effect against cortisol elevation in response to
novel environments. This buffering effect was not
observed when the subjects were in the presence of
favored females. The findings suggest that interactions
with unfamiliar females may play a unique role in
modulating stress responses during this developmental
stage, potentially influencing how peri-adolescents adapt
to new situations (Hennessy et al., 2008). At the sexually
but not socially mature stage (114-126 days), cortisol
responses to novelty were depressed in all conditions,
representing a previously undescribed period of cortisol
response suppression in maturing male guinea pigs
(Hennessy et al., 2006).
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Figure 2: Comprehensive analysis of factors that can delay sexual maturity, organized by category and showing relative impact in days.

Research on dietary fatty acids has shown that stress-
induced cortisol elevation can negatively affect body mass
and potentially delay sexual maturation, with sex-specific
effects more pronounced in males (Nemeth et al., 2016).
Male guinea pigs showed a U-shaped pattern in cortisol
secretion with age, while females showed decreasing
levels, indicating different stress response patterns
between sexes during development (Nemeth et al., 2025)
The importance of social housing is emphasized by
welfare guidelines stating that guinea pigs are social
animals and should never be housed singly without
compelling veterinary or scientific justification (Elsbacher
et al., 2025). Individual housing not only compromises
welfare but may also delay normal social and sexual
development (Elsbacher et al., 2025).

Genetic and Strain Differences

Breed and Strain Variations

While environmental factors play the predominant role in
determining sexual maturity timing, genetic factors also

contribute to individual variation. Different guinea pig
strains show characteristic differences in reproductive

development, with some inbred lines consistently maturing
earlier or later than others. Research has documented
behavioral and physiological differences between guinea
pig strains, including variations in growth patterns and
maturation rates (Rosero et al., 2024).The differences in
body weight at birth foreshadow those in adulthood, with
animals small at birth becoming small adults and animals
large at birth becoming large adults (Sarr et al., 2014). This
suggests that the mechanisms controlling adult body
weight and sexual maturation timing in guinea pigs
become set sometime before birth, emphasizing the
importance of prenatal factors (Schopper et al., 2012).

Studies on inbred guinea pig lines have shown that
inbreeding can affect various reproductive parameters,
though the effects on sexual maturity timing are relatively
modest (Wang et al.,, 2020). Each percent increase in
inbreeding resulted in decreased litter size and weaning
weight, but had minimal effects on age at puberty.
However, birth weight remained an important predictor,
with heavier animals reaching puberty earlier regardless of
inbreeding status (Kraus et al., 2024).

Research on specialized guinea pig strains, such as
those bred for bronchial hypersensitivity studies, has
demonstrated that selective breeding can alter
physiological characteristics that may indirectly affect
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reproductive development (Mikami et al., 1991). These
findings suggest that genetic selection for specific traits
should consider potential impacts on reproductive
parameters.

Sex-Specific Genetic Programming

Recent research has revealed important sex-specific
differences in the genetic control of reproductive
development. Studies examining testosterone effects
during fetal development found that prenatal androgen
exposure significantly affects postnatal growth patterns
and sexual maturation timing (Roy, 1992). Male guinea
pigs from testosterone propionate-treated mothers were
heavier at birth and showed altered growth curves
compared to controls. The capacity for testosterone
biosynthesis is present in fetal guinea pig testes as early
as 25 days of gestation and increases during subsequent
development (Roy, 1992). This early testosterone
production is crucial for sexual differentiation and may
influence later reproductive maturation patterns. Studies
on castration and sterilization effects have shown that
testosterone experienced during adolescence can shape
long-term cortisol responsiveness and stress sensitivity
(Kaiser et al.,, 2023). Males with high testosterone
exposure during development showed different cortisol
response patterns, which could influence the timing of
sexual maturation and adult reproductive capacity (Kapoor
& Matthews, 2011).

Health Factors and Pathological Conditions
Infectious Diseases and Immune System Activation

Infections and illnesses during the critical juvenile period
can significantly delay sexual maturity through multiple
mechanisms. Acute or chronic infections divert energy
resources toward immune system activation and away
from growth and reproductive development. Additionally,
inflammatory responses associated with infections can
disrupt normal hormonal signaling pathways (Trillmich et
al., 2020).

Common respiratory infections, such as those caused by
Chlamydia caviae, typically affect young animals between
4-8 weeks of age, coinciding with the critical period for
sexual development (Ciuria et al., 2021). Predisposing
factors for bacterial pneumonia include changes in
environmental temperature, humidity, or ventilation, which
often occur during winter housing transitions (Harkness et
al., 2002).

The clinical implication is that maintaining optimal health
during the juvenile period is crucial for normal sexual
development. Prevention of infectious diseases through
appropriate vaccination, quarantine procedures, and
environmental management should be prioritized in
breeding programs (Fitria et al., 2022).
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Metabolic Disorders and Their Impact

Metabolic disorders affecting energy balance can
significantly impact sexual maturity timing. Conditions that
interfere with normal metabolism, such as diabetes or
thyroid disorders, can delay reproductive development by
affecting the energy available for growth and hormonal
processes essential for sexual maturation (Mazza et al.,
2024). Recent studies on metabolic rate and cortisol
concentrations in adolescent guinea pigs have revealed
complex interactions between energy metabolism and
stress hormone production during development. Animals
with elevated cortisol showed altered metabolic patterns
that could potentially delay sexual maturation (Nemeth et
al., 2024). Guinea pig pregnancy toxemia, characterized
by metabolic dysfunction during late pregnancy, can also
indirectly affect male offspring development by
compromising prenatal nutrition and development. This
condition can result in smaller, weaker offspring with
delayed developmental milestones (Pedersen et al.,
2025).

Clinical Implications and Management Strategies
Breeding Program Optimization

Understanding the factors that influence sexual maturity
timing has important practical implications for breeding
program management. Breeding facilities should
implement standardized protocols for nutrition, housing,
and environmental conditions to ensure consistent
reproductive development among animals (von Engelhardt
et al., 2015).

Key management strategies include providing optimal
nutrition with adequate protein (20-25%) and vitamin C
supplementation (2900 mg/kg feed), maintaining
consistent environmental conditions with appropriate
photoperiod (16L:8D) and temperature (20-25°C),
minimizing stress through proper housing design and
handling procedures, monitoring growth rates and body
condition throughout the juvenile period, and implementing
health monitoring and disease prevention protocols
(Castro-Bedrifiana & Chirinos-Peinado, 2021).

Recent research on time mating protocols has shown
that systematic monitoring of reproductive development
can improve breeding efficiency. Techniques such as
vaginal membrane monitoring and ultrasound confirmation
can help predict optimal mating times and improve
reproductive success rates (Wilson et al., 2021).

Early Detection of Delayed Maturity

Early identification of animals with delayed sexual maturity
is important for breeding program management and
animal welfare. Regular monitoring of body weight, growth
rate, and behavioral indicators can help identify individuals
requiring intervention or removal from breeding programs
(Genzer et al., 2023). Animals showing signs of delayed
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maturity, such as failure to achieve expected weight
milestones or absence of typical reproductive behaviors by
8-10 weeks of age, should undergo thorough evaluation
for underlying causes including assessment of nutritional
status, health screening, and review of environmental
conditions (Shomer et al.,, 2015). Standard weaning
protocols typically involve separation at 21 days of age and
weighing at >180g, but recent evidence suggests that
some females may reach sexual maturity as early as 16-
17 days of age, necessitating earlier separation in
breeding colonies. This finding has led to
recommendations for separating female offspring from
breeding males at 16 days of age to prevent unwanted
pregnancies (Miegoue et al., 2018).

Therapeutic Interventions

In cases where delayed sexual maturity is identified,
several therapeutic interventions may be considered
including nutritional  supplementation to address
deficiencies, environmental modifications to reduce stress
and optimize conditions, treatment of underlying health
conditions, and in severe cases, hormonal evaluation and
potential endocrine intervention. However, research has
shown that attempts to induce precocious sexual behavior
through testosterone propionate injections are not
effective in guinea pigs, unlike in rats (Smotucha et al.,
2024). This suggests that guinea pigs have different
sensitivity to hormonal manipulation during postnatal
development compared to other rodent species.
Prevention through optimal management practices is
generally more effective than therapeutic intervention after
delays have occurred. This emphasizes the importance of
providing appropriate husbandry from birth through sexual
maturation (Hirst et al., 2018).

Future Research Directions
Epigenetic Programming and Long-term Effects

Recent research has begun to explore the role of
epigenetic mechanisms in programming reproductive
development. Studies suggest that environmental
conditions during critical developmental windows may
cause epigenetic modifications that affect long-term
reproductive function. Future research should investigate
how early life experiences influence DNA methylation
patterns and gene expression related to reproductive
development (Coker et al., 2022).

Studies on maternal vitamin C status have shown that

deficiency during pregnancy can affect offspring
characteristics and potentially program long-term
reproductive outcomes. Understanding these

transgenerational effects could lead to improved nutritional
recommendations for breeding animals (Coker et al.,
2024).
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Nutritional Genomics and Personalized Feeding

The interaction between specific nutrients and gene
expression in reproductive development represents an
emerging area of research. Understanding how nutritional
status influences the expression of genes involved in
sexual development could lead to more targeted nutritional
interventions (Morrison et al., 2018). Research on amino
acid requirements, particularly lysine, has shown
significant effects on reproductive performance. Future
studies should investigate optimal amino acid profiles for
different developmental stages and genetic backgrounds
(Vargas-Jauja et al., 2025).

Environmental Enrichment and Welfare Optimization

Studies on housing and environmental enrichment effects
on reproductive development could lead to improved
welfare standards and breeding outcomes. Research
should investigate optimal social grouping strategies,
environmental complexity, and handling protocols to
minimize stress during critical developmental periods
(Godyn et al.,, 2019).The development of non-invasive
monitoring  techniques, such as saliva cortisol
measurement and behavioral assessment tools, could
improve our ability to detect stress and optimize
environmental conditions for reproductive development
(Kaszycka et al., 2025).

Precision Breeding Technologies

Development of genomic selection tools and reproductive
technologies could improve breeding efficiency and
reduce the impact of delaying factors. Research into
artificial insemination, embryo transfer, and genetic
markers for reproductive traits could revolutionize guinea
pig breeding programs (Menchaca, 2023). Investigation of
metabolomic biomarkers for predicting sexual maturity
timing could enable early intervention and optimization of
management practices. Such biomarkers could also
facilitate research into the mechanisms underlying
developmental delays (Schyman et al., 2021).

Conclusion

Sexual maturity in male guinea pigs is a complex
developmental process that typically occurs between 45-
55 days of age under optimal conditions. However,
numerous factors can significantly delay this milestone,
with nutritional status representing the most significant
modifiable influence. Severe under nutrition, protein
deficiency, and vitamin C deficiency can all cause
substantial delays in sexual development through various
mechanisms involving hormonal disruption and resource
limitation. Environmental factors, including photoperiod,
temperature, and social stress levels, also play important
roles in determining maturity timing, with males appearing
more sensitive to these influences than females. Physical
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factors such as birth weight and genetic background
contribute additional variation in developmental timing,
while health conditions and infectious diseases can further
complicate normal development. Evidence clearly
demonstrates that optimal management of nutrition,
environment, and health during the critical juvenile period
is essential for ensuring normal sexual development. This
understanding has important practical implications for
breeding programs, research protocols, and animal
welfare considerations in both laboratory and domestic
settings. Future research should focus on developing a
deeper understanding of the molecular mechanisms
underlying these developmental processes, with particular
attention to epigenetic programming, nutritional genomics,
and precision breeding technologies. Such research could
lead to more sophisticated approaches to optimizing
reproductive development and improving breeding
outcomes in guinea pig populations. The comprehensive
nature of factors influencing sexual maturity in male guinea
pigs underscores the importance of holistic management
approaches that consider the complex interactions
between nutrition, environment, genetics, and health
status. Only through such integrated approaches can we
ensure optimal reproductive development and welfare
outcomes for these important animals in research,
agriculture, and companion animal settings.
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