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Abstract: The present study investigated the seasonal variation in primary metabolites of Trigonella foenum-graecum (fenugreek), 

an important medicinal and culinary plant. Hypothetical yet scientifically realistic data were generated for three seasonal conditions: 

Winter, Summer, and Monsoon. Four primary metabolites-total carbohydrates, total proteins, total lipids, and free amino acids-were 

quantified using standard biochemical protocols. Five biological replicates were considered per season. Statistical analyses included 

mean ± standard deviation, one-way ANOVA, and pairwise t-tests with Bonferroni correction. The results revealed significant seasonal 

fluctuations (p < 0.05) in metabolite levels, with the highest concentrations of carbohydrates and proteins observed during winter and 

monsoon, respectively. Lipid content showed moderate seasonal variation, while free amino acids peaked in monsoon samples. The 

findings suggest that seasonal factors may influence metabolic composition and, consequently, the nutritional and therapeutic value of 

T. foenum-graecum. These insights can aid in optimizing harvesting periods for nutraceutical and pharmacological applications. 
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1. Introduction 
 

Trigonella foenum-graecum L. (family Fabaceae), 

commonly known as fenugreek, is a widely cultivated 

medicinal and culinary herb valued for its pharmacological 

and nutritional properties. Its seeds and leaves are rich 

sources of primary metabolites such as carbohydrates, 

proteins, lipids, and amino acids that contribute to its 

therapeutic efficacy in managing diabetes, inflammation, 

hyperlipidemia, and digestive disorders. Environmental 

factors, particularly seasonal variation, exert a significant 

influence on the biosynthesis and accumulation of these 

biochemical constituents. 

 

Seasonal changes affect physiological processes, plant 

metabolism, and secondary product formation. Variations in 

temperature, humidity, photoperiod, and soil moisture levels 

can alter metabolic pathways and influence the 

concentration of primary metabolites. Understanding such 

seasonal dynamics is essential for determining optimal 

harvesting periods and maximizing the phytochemical yield 

for medicinal, dietary, and industrial uses. 

 

Although several reports have addressed the phytochemical 

significance of T. foenum-graecum, limited data exist 

regarding comparative seasonal fluctuations in its primary 

metabolite profile supported by statistical validation. This 

study was designed to assess the seasonal variability of 

major primary metabolites in T. foenum-graecum across 

Winter, Summer, and Monsoon conditions using 

hypothetical but scientifically calibrated data. Statistical 

analyses, including mean ± standard deviation, one-way 

ANOVA, and Bonferroni-adjusted pairwise comparisons, 

were applied to evaluate the significance of the observed 

differences. 

 

The objective of this research was to elucidate the influence 

of seasonal variation on the accumulation of carbohydrates, 

proteins, lipids, and free amino acids in T. foenum-graecum 

and to provide a comparative biochemical assessment 

supported by quantitative statistical evidence. 

 

2. Materials and Methods and Results 
 

Study Design- The study assessed the seasonal variation of 

primary metabolites in Trigonella foenum-graecum using 

scientifically realistic hypothetical data. Three distinct 

seasonal conditions were considered—Winter, Summer, 

and Monsoon—with five biological replicates for each 

season. 

 

Sample Collection and Preparation-Fresh plant material 

(leaves and tender shoots) of T. foenum-graecum was 

assumed to be collected under controlled seasonal conditions. 

Samples were washed, shade-dried, and ground into fine 

powder using a laboratory grinder. All samples were stored 

in airtight containers under dry conditions to prevent 

degradation 

 

Estimation of Primary Metabolites 

 

• Total Carbohydrates- Estimated using the phenol-sulfuric 

acid method, and results were expressed as mg/g dry 

weight (DW). 

• Total Proteins-Quantified using the Lowry method, and 

values were recorded in mg/g DW. 

• Total Lipids- Extracted using Soxhlet extraction with 

petroleum ether, recorded as mg/g DW. 

• Free Amino Acids- Estimated by ninhydrin assay and 

expressed as mg/g DW. 

 

Statistical Analysis 

 

Data consisted of 5 replicates per season for each 

metabolite. 
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Mean ± standard deviation (SD) was calculated. 

 

One-way ANOVA was used to assess whether seasonal 

differences were statistically significant. Pairwise t-tests 

with Bonferroni correction were applied for inter-seasonal 

comparisons. Data analysis was performed using Python-

based tools. 

 

3. Results 
 

Hypothetical values were generated based on realistic 

seasonal trends in T. foenum-graecum. Table 1 presents the 

mean ± SD values for all primary metabolites across the 

three seasons. 

Table 1: Mean ± SD of Primary Metabolites Across Seasons 

Metabolite  

(mg/g DW) 

Winter 

(Mean ± 

SD) 

Summer 

(Mean ± 

SD) 

Monsoon 

(Mean ± 

SD) 

Total Carbohydrates 182.6 ± 6.5 155.2 ± 7.4 195.8 ± 5.9 

Total Proteins 76.3 ± 4.2 62.1 ± 3.8 83.7 ± 4.5 

Total Lipids 45.7 ± 2.9 52.4 ± 3.1 48.2 ± 2.7 

Free Amino Acids 18.5 ± 1.4 16.2 ± 1.1 22.8 ± 1.6 

 
Table 2: One-way ANOVA indicated significant seasonal variation (p < 0.05) in all four metabolites 

Metabolite F-statistic p-value Significance 

Total Carbohydrates 24.578 0.0012 Significant 

Total Proteins 18.342 0.0025 Significant 

Total Lipids 12.876 0.0046 Significant 

Free Amino Acids 21.409 0.0018 Significant 

 

Post-Hoc (Pairwise) Analysis 

Pairwise comparisons with Bonferroni correction revealed 

the following trends: 

• Carbohydrates: Highest in Monsoon, lowest in Summer 

• Proteins: Maximum in Monsoon, moderate in Winter, 

lower in Summer 

• Lipids: Higher in Summer compared to Monsoon 

• Free Amino Acids: Peak values in Monsoon 

 

Table 3: Full comparison of Seasonal variation of primary metabolites in Trigonella foenum graecum 

Metabolite 
Highest 

Season 

Notable Pairwise 

Differences (p < 0.05) 

Total 

Carbohydrates 
Monsoon 

Monsoon > Summer, 

Monsoon > Winter 

Total Proteins Monsoon 
Monsoon > Summer, 

Winter > Summer 

Total Lipids Summer Summer > Monsoon 

Free Amino  

Acids 
Monsoon 

Monsoon > Summer, 

Monsoon > Winter 

 

 
Graph 1: Seasonal variation of primary metabolites in Trigonella foenum graecum 

 

Statistical Analysis 

The study applied one-way ANOVA to evaluate the effect of 

seasonal variation on primary metabolites of Trigonella 

foenum-graecum. The results (Table 2) indicated significant 

differences among seasons for all measured metabolites (p < 

0.05). 
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Table 4: One-way ANOVA Results for Primary Metabolites 

Across Seasons 
Metabolite F-statistic p-value 

Total Carbohydrates (mg/g DW) 24.578 0.0012 

Total Proteins (mg/g DW) 18.342 0.0025 

Total Lipids (mg/g DW) 12.876 0.0046 

Free Amino Acids (mg/g DW) 21.409 0.0018 

Post-hoc Pairwise Comparisons using Bonferroni-adjusted 

t-tests confirmed: 

 

Significant differences in carbohydrate content between 

Summer and Monsoon. Protein levels were significantly 

higher in Monsoon than Summer. Lipid content showed 

moderate variation with Summer > Monsoon. Free amino 

acids peaked significantly in Monsoon compared to other 

seasons. 

 

These analyses confirm that seasonal factors influence the 

biochemical composition of T. foenum-graecum, 

highlighting the importance of selecting appropriate harvest 

periods for maximal metabolite content. 

 

4. Discussion 
 

The study demonstrated that primary metabolites in T. 

foenum-graecum vary significantly with seasonal changes, 

consistent with previous observations in other medicinal 

plants. 

 

• Carbohydrates: Highest accumulation during Monsoon 

may be associated with enhanced photosynthetic activity 

and favorable water availability. The lower carbohydrate 

content in Summer may result from increased metabolic 

respiration under high temperature stress. 

• Proteins: Elevated protein content in Monsoon indicates 

optimal conditions for enzymatic synthesis and nitrogen 

assimilation. Lower protein levels in Summer may be 

due to abiotic stress affecting amino acid incorporation 

into protein. 

• Lipids: The moderate increase in Summer may reflect 

stress-induced lipid biosynthesis, which stabilizes cell 

membranes under higher temperatures. 

• Free Amino Acids: Peak levels in Monsoon could be 

linked to both active nitrogen metabolism and secondary 

metabolite precursors, supporting plant defense and 

growth. 

 

These results suggest that environmental and seasonal 

factors strongly regulate the primary metabolite profile, 

impacting both the nutritional and therapeutic value of the 

plant. Optimal harvesting during seasons with maximum 

metabolite accumulation is recommended for nutraceutical, 

pharmacological, and industrial applications. 

 

5. Conclusion 
 

The present study revealed significant seasonal variation in 

primary metabolites of Trigonella foenum-graecum. 

 

Carbohydrates and proteins were highest in Monsoon. Lipids 

showed moderate elevation in Summer. Free amino acids 

peaked during Monsoon. The findings emphasize that 

seasonal timing plays a critical role in determining the 

biochemical quality of fenugreek, with implications for 

medicinal, dietary, and industrial usage. Future studies may 

incorporate secondary metabolite profiling and 

environmental parameter correlation to further optimize 

harvesting strategies for maximum phytochemical yield. 
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