


Evaluation of Fructose, Zinc, Citric Acid, and Sperm Quality in Infertile Male Subjects Attending Fertility Clinic in Lagos Metropolis


ABSTRACT
Background: Male infertility remains a significant reproductive health challenge. Seminal plasma biochemical markers such as fructose, zinc, and citric acid play essential roles in sperm metabolism, motility, and overall reproductive function. Their evaluation alongside sperm quality parameters may provide valuable clinical insight into male infertility.
Aim: This study aimed to evaluate seminal fructose, zinc, and citric acid levels and their relationship with sperm quality parameters among infertile male subjects attending fertility clinics in Lagos Metropolis.
Methods: A total of one hundred and fifty (150) male volunteers, aged between 25-45 years and comprising of one hundred infertile men as test subjects and fifty fertile men as control gave consent to participate in the study. Semen samples were collected in sterile plastic containers by masturbation after a minimum of 3 days of sexual abstinence. Semen analysis of all the samples was performed using Computer Assisted Semen Analyser (CASA). Seminal fructose was measured using the resorcinol method, zinc was quantified by colorimetric method, and citric acid was assessed using enzymatic titration methods. Data were analyzed using Statistical Package for the Social Sciences (SPSS) version 26.0. Descriptive and inferential statistics were applied, and statistical significance was set at p < 0.05.
Result: Comparative analysis between infertile men and fertile controls revealed notable differences in seminal biochemical markers and sperm quality parameters. Mean seminal fructose level was lower in infertile men compared with fertile controls (7.14 ± 3.46 vs 8.79 ± 0.48 µmol/mL). Similarly, seminal zinc concentration was markedly reduced in infertile subjects (0.44 ± 0.13 vs 2.99 ± 0.46 µmol/mL), as well as citric acid level (12.71 ± 4.19 vs 58.26 ± 5.27 mmol/L). Sperm quality parameters also differed between the groups. Infertile men had lower sperm counts (64.84 ± 37.94 vs 101.80 ± 21.89 × 10⁶/mL) and reduced sperm motility (29.20 ± 13.76 vs 40.50 ± 3.23%) compared with fertile controls. The reductions in seminal fructose, zinc, and citric acid concentrations observed in infertile men were statistically significant (P < .05).Correlation analysis demonstrated that seminal fructose showed weak positive correlations with all measured sperm quality parameters. Seminal zinc exhibited weak negative correlations with sperm count and sperm motility. In contrast, citric acid showed a positive correlation with zinc levels, while displaying weak negative correlations with both sperm count and sperm motility.
Conclusion: This study demonstrates that seminal plasma fructose, zinc, and citric acid levels are significantly reduced in infertile men. These findings underscore the diagnostic value of seminal biochemical markers. Incorporating biochemical assessment of seminal plasma alongside conventional semen analysis may enhance the accuracy and completeness of male infertility evaluation.
1.0 INTRODUCTION
Infertility is a major reproductive health problem of global significance, affecting an estimated 10–15% of couples of reproductive age worldwide (Gedef et al., 2025). Male-related factors contribute to approximately 40–50% of infertility cases, either as a sole cause or in combination with female factors (Esteves et al., 2024; Agarwal et al., 2015; Kumar & Singh, 2015). Male infertility is a complex and multifactorial condition resulting from genetic abnormalities, hormonal imbalances, infections, environmental and occupational exposures, nutritional deficiencies, oxidative stress, and lifestyle factors (Sciorio et al., 2025; Duvuru et al., 2022). Clinically, it is commonly manifested by abnormalities in semen quality, including reduced sperm concentration, motility, morphology, and vitality (WHO, 2021).
In sub-Saharan Africa, infertility represents not only a medical condition but also a major social and psychological burden, particularly for men, who are often underdiagnosed or inadequately evaluated due to sociocultural perceptions that attribute infertility primarily to women (Howe et al., 2024; Roomaney et al., 2021). In Nigeria, infertility remains a significant public health concern (Okafor et al., 2022; Adegbola et al., 2013), with increasing attendance at fertility clinics. Despite this rising burden, the evaluation of male infertility in many clinical settings remains limited largely to routine semen analysis, which, although essential, may not fully elucidate the underlying biochemical and functional defects contributing to impaired fertility.
Semen is composed of spermatozoa and seminal plasma, the latter accounting for approximately 95% of semen volume (WHO, 2021; O'Donnell et al., 2017). Seminal plasma is derived mainly from the accessory sex glands, the seminal vesicles, prostate gland, and epididymis, and contains a wide range of biochemical substances essential for sperm survival, metabolism, motility, protection against oxidative stress (Wang et al., 2020). Therefore, assessment of seminal plasma constituents provides valuable information on the functional status of accessory sex glands and their contribution to male reproductive potential (Wan et al., 2020).
Among the numerous biochemical components of seminal plasma, fructose, zinc, and citric acid are of particular importance due to their direct involvement in sperm function and their roles as markers of accessory gland activity (Rochdi et al., 2025a; Yuan et al., 2024). Fructose is secreted predominantly by the seminal vesicles and serves as the principal energy source for spermatozoa, supporting sperm motility and viability (Rochdi et al., 2025b; Echeverría et al., 2023). Reduced seminal fructose concentration has been associated with seminal vesicle dysfunction, ejaculatory duct obstruction, and impaired sperm motility, all of which contribute to male infertility (Rochdi et al., 2025a)
Zinc is an essential trace element present in high concentrations in seminal plasma, particularly in prostatic secretions (Zhao et al., 2016). It plays a critical role in spermatogenesis, sperm membrane stabilization, chromatin condensation, acrosomal reaction, and antioxidant defense mechanisms (Bouhadana et al., 2025). Adequate zinc levels are necessary to protect spermatozoa from oxidative damage and DNA fragmentation (Fallah et al., 2018). Conversely, zinc deficiency has been associated with poor semen quality, including reduced sperm count, motility, and normal morphology, as well as increased oxidative stress and infertility (Fallah et al., 2018).
Citric acid is produced primarily by the prostate gland and serves as an important marker of prostatic secretory function (Hassan, et al., 2025; Kavanagh et al., 1994). It contributes to semen liquefaction and influences sperm motility by regulating seminal plasma pH (Tanni  et al., 2022) and chelating divalent cations (WHO, 2021). Abnormal seminal citric acid levels may indicate prostatic dysfunction and have been linked to altered semen parameters and reduced fertility potential (Rochdi et al., 2025).
Given the limitations of routine semen analysis and the increasing evidence supporting the diagnostic and prognostic relevance of seminal biochemical markers, comprehensive evaluation of seminal plasma constituents alongside conventional semen parameters is warranted.

2.0 MATERIALS AND METHODS

2.1 Study Area

Lagos Metropolis is located in the south-western region of Nigeria and is the country’s largest urban and economic hub. Lagos Metropolis hosts numerous public and private healthcare facilities, including specialized fertility clinics that serve a large and diverse population of individuals seeking reproductive health services. These characteristics make Lagos Metropolis a suitable and relevant setting for investigating biochemical and sperm quality parameters among infertile male subjects, as the findings are likely to reflect the reproductive health challenges faced by men in highly urbanized Nigerian settings.

2.2 Study Design

This hospital-based cross-sectional analytical study involved 100 infertile men as the test group and 50 fertile men as the control group. Participants were recruited as volunteers from selected fertility clinics within the Lagos Metropolis. Eligible subjects were males aged 25–45 years. The study was conducted over a five-month period, from February to June 2025.

2.3 Inclusion Criteria 

Men in stable heterosexual relationships who had been unable to achieve conception after at least 12 months of regular, unprotected sexual intercourse were included as study participants. Both infertile and fertile men who were willing and able to provide a semen sample by masturbation following a minimum of three days of sexual abstinence were eligible for inclusion.

2.4 Excluded Criteria

Men who consumed excessive amounts of alcohol, abused recreational drugs, or were current heavy smokers were excluded from the study, as were individuals with other underlying health conditions that could affect semen quality. Additionally, males younger than 25 years were excluded.

2.5 Fertility Statuses

The fertility statuses of the participants were obtained from their existing medical records. Also, Computer-assisted semen analyzer (CASA), were used to confirm their statuses andgrouped the participants into fertile and infertile groups (normospermic, oligospermic and azoospermic).

2.6 Semen Collection

Semen samples were collected from volunteers by masturbation after a minimum of three days of sexual abstinence and into sterile plastic containers. Following complete liquefaction, all samples were analyzed within one hour of collection in accordance with standard laboratory procedures to ensure the accuracy and reliability of semen quality assessment.

2.7 Semen Analysis

Semen parameters were evaluated using a Computer-assisted semen analyzer. 



2.8 Biochemical Assays
The concentrations of seminal plasma constituents were determined as follows: fructose was measured using the resorcinol method as described by Seliwanoff (1887), zinc was quantified by colorimetric analysis, and citric acid was assessed using enzymatic titration methods (Umohinyang et al., 2021).

2.9 Statistical Analysis

Data were analyzed using SPSS v 26.0. Results were presented as mean ± SD and compared using student’s t test and ANOVA where necessary. Pearson correlation assessed associations between biochemical markers and sperm quality. A P-value < .05 was considered statistically significant.

3. RESULTS
3.1: Comparisons of Sperm Counts, Sperm Motility, Zinc, Citric Acid and Fructose Concentrations between Infertile and Fertile Males Parameters 
The mean age of infertile men was comparable to that of fertile controls, with no statistically significant difference observed (P > .05). In contrast, infertile men exhibited significantly lower sperm count and sperm motility compared with fertile males (p < 0.05). Seminal plasma zinc and citric acid concentrations were markedly reduced in infertile men relative to fertile controls, with these differences reaching statistical significance (P <.05). Similarly, seminal fructose levels were significantly lower among infertile men compared with fertile males (P < .05).

Table 1: Comparison of Some Semen Parameters between Infertile and 
  
Fertile Males 

	Parameter
	Infertile Males
(n =100)
	Fertile Males
(n = 50)
	p-value
	Remark

	
Age (Years)
	
37.05 ± 8.09
	
37.84 ± 10.14
	
0.6257
	
NS

	
Sperm Count x (106/mL)
	
64.84±37.94
	
101.80± 21.89
	
0.0008
	
S

	
Sperm Motility (%)
	
29.20±13.76
	
40.50 ± 3.23
	
<0.0001
	
S

	
Fructose (µmol/mL)
	
7.14 ± 3.46
	
8.79 ± 0.48
	
0.001
	
S

	
Zinc (µmol/mL)
	
0.44 ± 0.13
	
2.99 ± 0.46
	
<0.0001
	
S

	
Citric Acid (mmol/L)
	
12.71± 4.19
	
58.26 ±5.27
	
<0.0001
	
S


Keys: S= Significant, P < .05 =Significant 

3.2: Comparison of Sperm Counts, Sperm Motility, Zinc, Citric Acid and Fructose Concentrations between Primary, Secondary Infertile and Fertile Men
There was no significant difference in age among men with primary infertility, secondary infertility, and fertile controls (P > 0.05). In contrast, sperm count differed significantly across the groups (P < .05), with both primary and secondary infertile men exhibiting significantly lower counts than fertile males, while no difference was observed between the two infertile groups.
Sperm motility also varied significantly among the groups (P < .05). Primary infertile men had the lowest motility, which was significantly reduced, compared with both secondary infertile and fertile males; however, motility did not differ significantly between secondary infertile and fertile men.
Seminal plasma zinc concentrations showed marked group differences (P < .05), with significantly lower levels in both primary and secondary infertile men compared with fertile controls, and no difference between the infertile groups. Similarly, citric acid concentrations were significantly reduced in primary and secondary infertile men relative to fertile males (P < .05). Fructose levels also differed significantly among the groups (P < 0.05), being significantly lower in both primary and secondary infertile men compared with fertile controls, while no significant difference was observed between the two infertile groups.

Table 2: Comparison of Semen Parameters in between Primary, Secondary Infertile and Fertile Men
	Parameter
	Primary Infertility
( n= 89)
	Secondary Infertility
( n= 11)
	Fertile Male
(n =50)
	p-value
	Remark

	Age
	38.91 ± 8.43a
	36.82 ± 8.98a
	37.84 ± 10.14a
	0.6959
	NS

	Sperm Count x (106/mL)
	64.22± 27.68b
	69.82± 50.30b
	101.80± 21.89a
	0.0037
	S

	Sperm Motility (%)
	28.43 ± 3.66ac
	35.45 ± 13.50b
	40.50 ± 3.2b
	<0.0001
	S

	Fructose (µmol/mL)
	6.01±3.15a
	7.28±3.48a
	8.79 ± 0.48b
	0.0017
	S

	Zinc (µmol/mL)
	0.44 ± 0.13a
	0.44 ± 0.15a
	2.99 ± 0.46b
	<0.0001
	S

	Citric Acid (mmol/L)
	12.47±4.09a
	14.65± 4.71a
	58.26 ±5.27b
	<0.0001
	S


Keys: Post hoc: values in the same rows with different superscripts are significantly different (P < 0.05), S = significant (P < .05)

3.3: Comparison of Sperm Counts, Sperm Motility, Zinc, Citric Acid and Fructose Concentrations between Normospermia, Oligospermia, Azoospermia Infertile and Normospermia Fertile men.
Sperm count declined progressively from the normospermic fertile group to normospermic infertile and oligospermic subjects, with complete absence in azoospermic men (P < .05). A similar trend was observed for sperm motility, which was highest in fertile normospermic men and significantly reduced across infertile, oligospermic, and azoospermic groups (P < .05). Seminal plasma zinc and citric acid concentrations were significantly higher in normospermic fertile men compared with all infertile groups, including normospermic infertile, oligospermic, and azoospermic subjects (P < .05). Although azoospermic men exhibited slightly higher zinc levels than other infertile groups, these remained markedly lower than those of fertile controls. Fructose concentration was highest in fertile normospermic men and comparable to levels in normospermic infertile subjects, but significantly reduced in oligospermic and azoospermic men. Overall, significant variations in seminal biochemical parameters were observed across the study groups (P < .05).
Table 3 Comparisons Some Semen Parameters in Infertile Normospermic, Oligospermic and Azoospermic and Fertile Normospermic Males 
	Parameter
	Normospermia
fertile
(n=50)
	Normospermia infertile
(n =71)

	Oligospermia
 (n = 20)
	Azospermia
(n =9)
	p-value
	Remark

	Sperm count
(106/mL)
	101.80 ± 21.89a
	46.03± 35.71b
	12.96±10.06c
	0.00±0.00d
	<0.0001
	S

	Sperm motility (%)
	40.50 ± 3.23a
	34.08 ±1.23b
	25.00 ±9.03c
	0.00±0.00
	<0.0001
	S

	Fructose (µmol/mL
	8.79 ±0.48a
	7.16 ± 3.47a
	5.64 ±2.87b
	6.72 ±3.88b
	0.0003
	S

	Zinc (µmol/mL)
	2.99 ±0.46a
	0.43±0.13b
	0.44 ±0.13b
	0.51 ±0.07b
	<0.0001
	S

	Citric Acid (mmol/L)
	58.26 ±5.27a
	12.78 ± 0.51b  
	11.49 ± 3.68b
	14.86 ± 2.34b
	<0.0001
	S


Keys: Post hoc: values in the same rows with different superscripts are significantly different (p<0.05), S = significant (p <0.05),

3.4: Comparison of Sperm Count, Zinc, and Citric Acid and Fructose Concentrations based on Sperm Motility
Sperm motility and count were significantly lower in infertile men with non-progressive motility compared with those with progressive motility groups (17.56 ± 1.86% vs. 38.76 ± 0.52% and 43.29 ± 14.57 vs. 82.47 ± 5.74 × 10⁶/mL, respectively; p < 0.001). Seminal plasma zinc and citric acid concentrations were comparable between the non-progressive and progressive groups, with no significant differences observed (p > 0.05). In contrast, seminal fructose levels were significantly higher in men with progressive motility than in those with non-progressive motility (7.77 ± 0.47 vs. 6.38 ± 0.49 µmol/mL; P < .05).

Table 4: Comparison of Sperm Count, Zinc, and Citric Acid and Fructose Concentrations based on Sperm Motility
	Parameter
	Infertile Males
Non Progressive 
 (<32%)
(n = 45)
	Infertile Males
Progressive
  > 32%
(n =55)
	p-value
	Remark

	Sperm Motility (%)
	17.56 ± 1.86
	38.76 ± 0.52
	<0.001
	S

	Sperm Count (106/mL)
	43.29 ± 14.57
	82.47 ± 5.74
	<0.001
	S

	Fructose (µmol/mL)
	6.38 ± 0.49
	7.77 ± 0.47b
	<0.043
	S

	Zinc (µmol/mL)
	0.45 ± 0.02
	0.43 ± 0.02
	 2.56
	NS

	Citric Acid (mmol/L)
	12.34 ± 0.61
	13.01 ± 0.34
	1.87
	NS


Keys: NS = Non significant (P > 0.05), S = Significant (P < 0.05)

3.5: Correlation of Age, Sperm Count, Sperm Motility, Zinc, Citric Acid and Fructose Concentrations in Seminal Fluid of Infertile Subjects
Correlation analysis revealed an inverse relationship between age and sperm count (r = −0.330), sperm motility (r = −0.184), zinc concentration (r = −0.629), and citric acid levels (r = −0.195). In contrast, age showed a weak positive correlation with seminal fructose concentration (r = 0.177). Sperm count demonstrated weak positive correlations with sperm motility (r = 0.080) and seminal fructose concentration (r = 0.132), but weak negative correlations with zinc (r = −0.183) and citric acid levels (r = −0.050). Sperm motility was weakly and negatively correlated with zinc (r = −0.103) and citric acid (r = −0.099), while showing a very weak positive association with fructose (r = 0.043). A moderate positive correlation was observed between seminal plasma zinc and citric acid concentrations (r = 0.424), suggesting a related secretory pattern. Zinc showed weak positive correlations with fructose (r = 0.096). Citric acid exhibited a weak positive correlation with fructose concentration (r = 0.062).



Table 5: Correlation of Age, Sperm Count, Zinc, Citric Acid and Fructose Concentrations in Seminal Fluid of Infertile Subjects
	Parameter
	Age
	Sperm Count
(106/mL)
	Sperm 
Motility(%)
	Zinc
(µmol/mL)
	Citric acid
(mmol/L)
	Fructose
(µmol/mL)

	Age
	1
	
	
	
	
	

	Sperm Count (106/mL)
	-0.330
	1
	
	
	
	

	Sperm Motility (%)
	-0.184
	0.080
	1
	
	
	

	Zinc (µmol/mL)
	-0.629
	-0.183
	-0.103
	1
	
	

	Citric acid
(mmol/l)
	-0.195
	-0.050
	- 0.099
	0.424
	1
	

	Fructose (µmol/mL)
	0.177
	0.132
	0.043
	0.096
	0.062
	1



DISCUSSION
In the cross-sectional study, we assessed semen parameters and selected seminal plasma biochemical markers among infertile and fertile men attending fertility clinics in Lagos Metropolis. The findings demonstrated significant differences in sperm count, sperm motility, fructose, zinc, and citric acid, concentrations between infertile and fertile men. 
The absence of a statistically significant difference in age between infertile and fertile subjects suggests that both groups were adequately age-matched. This minimizes the confounding effect of age on semen quality and supports the validity of the observed differences in seminal parameters. Similar findings have been reported in previous studies, where no significant age-related differences were observed between infertile and fertile men when appropriate matching was employed (Okonofua et al., 2005).
Sperm count was significantly lower among infertile men compared with fertile controls, confirming its central role in male infertility. This finding is consistent with previous studies that identified reduced sperm concentration as a major contributor to impaired fertility, often linked to defective spermatogenesis, testicular dysfunction, or hormonal imbalance (Kumar et al., 2015). Reduced sperm count directly limits the likelihood of fertilization and remains a critical diagnostic parameter in male infertility.
A progressive decline in sperm count was observed in normospermia infertile and oligospermic men, with complete absence of spermatozoa in azoospermic subjects. This trend reflects increasing severity of spermatogenic impairment. Notably, the reduced sperm count observed in normospermia infertile men, despite values within reference limits, suggests that infertility in this group may involve factors beyond sperm concentration alone, including impaired sperm function or altered seminal plasma composition.
In addition, infertile men with non-progressive sperm motility exhibited significantly lower sperm count and motility compared with those with progressive motility. This observation agrees with established evidence showing that reduced progressive motility is a strong predictor of subfertility (Dcunha et al., 2020) independent of sperm concentration. Progressive motility reflects the functional competence of spermatozoa and is essential for successful migration through the female reproductive tract and fertilization (Xu, 2024).
Sperm motility was markedly reduced among infertile men in the present study, underscoring its critical role in male fertility. Adequate motility is essential for the successful transport of spermatozoa through the female reproductive tract and subsequent penetration of the ovum (Xu, 2024). Further stratification revealed significant differences in sperm motility across infertility categories, with the lowest values observed in primary infertility, and lower levels in secondary infertility when compared with the fertile controls. This pattern suggests a greater degree of functional impairment in primary infertility, supporting previous findings that associate reduced motility with oxidative stress, mitochondrial dysfunction, and altered seminal plasma composition (Wang et al., 2025).
A similar progressive decline in sperm motility was evident across semen quality groups, being significantly highest in fertile normospermic men and significantly reduced in normospermia infertile and oligospermic subjects, with complete absence of motile sperm in azoospermic men. Reduced motility severely compromises the fertilizing capacity of spermatozoa and may reflect underlying metabolic insufficiency, oxidative damage, or disruption of seminal plasma constituents essential for energy production and membrane stability.
In addition, infertile men with non-progressive sperm motility exhibited significantly lower sperm motility and sperm count compared with those with progressive motility. This observation aligns with evidence indicating that progressive motility is one of the most reliable predictors of male subfertility (Xu, 2024).
Seminal fructose concentration was significantly lower in infertile men compared with fertile controls in the study. This finding is consistent with previous reports (Ahmed et al., 2010; Banjoko et al., 2013), although some studies have reported no significant differences, likely reflecting variations in infertility etiology and seminal vesicle function (Toragall et al., 2019 Al-Daghistani et al., 2010). However, Ali et al. (2010) reported signiciantly increased semen plasma concentration in infertile men.
When stratified by fertility status, fructose levels were higher in normospermia fertile and normospermia infertile men compared with oligospermic and azoospermic subjects. This finding aligns with Ali et al. (2010) report. The lower fructose observed in oligospermia and azoospermia may contribute to poor motility due to insufficient energy supply. The comparable fructose levels between fertile and infertile normospermic men suggest that seminal vesicle function may be relatively preserved in normospermia infertile subjects, indicating that infertility in this group may be more closely related to sperm functional defects rather than energy availability alone.
Further, infertile men with progressive sperm motility (>32%), exhibited significantly higher sperm count and fructose levels compared with those with non-progressive motility, while zinc and citric acid concentrations were similar between the groups. This pattern suggests that, within infertile cohorts, sperm motility may be more closely associated with energy metabolism and spermatogenic output than with accessory gland secretory function.
Seminal plasma zinc was significantly lower in infertile men compared with fertile controls, consistent with studies linking zinc to sperm count, motility, (Veselinović et al., 2025). Both primary and secondary infertile men had significantly reduced zinc levels, suggesting a common feature of impaired fertility.
Zinc was highest in fertile normospermic men and significantly lowers in normospermia infertile, oligospermic, and azoospermic subjects, likely reflecting impaired prostatic function or increased zinc utilization. Among infertile men, zinc levels did not differ significantly between non-progressive and progressive motility groups, aligning with reports that seminal zinc may not consistently predict motility (Allouche-Fitoussi and Breitbart, 2020).
Citric acid concentration was also significantly reduced among infertile men compared with fertile controls. Reduced citric acid levels have been associated with impaired semen liquefaction and reduced sperm motility (van den Berg et al., 2024). This finding is consistent with reports, who documented significantly lower seminal citric acid levels in infertile men (Gruhl et al., 2023), suggesting compromised prostatic secretory activity.
Citric acid, a key marker of prostatic function, was also significantly elevated in normospermia fertile men, whereas significantly lower concentrations were recorded in all infertile groups. Reduced citric acid levels may reflect compromised prostate gland activity, which can adversely affect semen liquefaction and sperm motility. Citric acid levels were also significantly lower in both primary and secondary infertile men, relative to fertile men, suggesting compromised prostatic function irrespective of infertility type. This finding agrees with previous studies reporting reduced seminal citric acid in infertile men and its association with poor semen quality.

Citric acid levels did not differ significantly between the non-progressive and progressive sperm cells in infertile men. Citric acid, a major component of prostatic fluid, has been studied as a marker of prostate gland function. Although some studies report correlations between lower citric acid and impaired semen quality (Toragall et al., 2016), others indicate that changes in prostatic secretions may not be sufficiently large to distinguish between motility subgroups within infertile populations. This suggests that while citric acid reflects accessory gland function, it may not be sensitive enough as a standalone predictor of motility impairment.
Correlation analysis of seminal parameters and biochemical markers revealed age showed a negative correlation with sperm count (r = -0.330) but a weaker correlation with motility (r = -0.184), suggesting that increasing age may primarily reduce sperm production rather than motility. Sperm count and motility were weakly positively correlated (r = 0.080), indicating that although related, each parameter may be independently influenced by other physiological or environmental factors. Fructose displayed weak positive correlations with all measured parameters, suggesting that its concentration alone may not strongly influence sperm count or motility, though it remains essential for sperm energy metabolism. Seminal zinc exhibited a strong negative correlation with age (r = -0.629), reflecting potential declines in prostatic secretory function over. Weak negative correlations with sperm count and motility suggest that zinc contributes to sperm quality but is not the sole determinant. Citric acid showed a weak positive correlation with zinc (r = 0.424) and weak negative correlations with age and sperm parameters, highlighting its role in reflecting accessory gland activity rather than directly affecting spermatogenesis. 
CONCLUSION

The semen plasma fructose, zinc and citric acid were significantly lower in infertile men compared to the fertile men. The findings support the limitation of relying solely on routine semen analysis for infertility evaluation. Incorporating seminal plasma biochemical markers alongside conventional semen parameters may provide a more comprehensive understanding of male infertility and improve diagnostic accuracy, particularly in resource-limited settings where male infertility remains under-recognized and inadequately managed.
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