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ABSTRACT 

Plants exhibit seasonal variations in biochemical composition due to 

changes in environmental factors such as temperature, light intensity, 

and precipitation. These changes affect the biosynthesis of both 

primary and secondary metabolites, which play vital roles in plant 

growth, defense, and adaptation. Secondary metabolites are 

particularly important due to their pharmacological properties and roles 

in plant protection against biotic and abiotic stresses. Lannea 

coromandelica (Indian Ash tree) is a traditional medicinal plant known 

for its rich content of bioactive compounds including alkaloids and 

tannins. This study aimed to evaluate seasonal variations in total 

alkaloid and tannin content in leaves, stem, and bark of L. 

coromandelica collected from Nashik district, Maharashtra, India, over 

three seasons—summer, monsoon, and winter—for two consecutive 

years. Results revealed significant seasonal influence on metabolite  

content, with alkaloid levels peaking in winter for leaves and bark, and in summer for stems, 

while tannin levels varied with plant part and season. 
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1. INTRODUCTION 

Seasonal fluctuations in environmental conditions cause notable biochemical changes in 

plants, influencing the production of primary metabolites (carbohydrates, proteins, lipids) 

essential for growth and energy storage, and secondary metabolites (alkaloids, flavonoids, 

tannins, phenolics, terpenoids, saponins) that function in defence, pollination, and adaptation 

(Crozier et al., 2006; Wink, 2010). 

 

Medicinal plants synthesize secondary metabolites that possess therapeutic properties, such 

as tannins with antimicrobial and antidiarrheal activities (by protein precipitation) and 

alkaloids with analgesic, anticancer, and antiparasitic activities (Dixon & Paiva, 1995; Wink, 

2003). 

 

Lannea coromandelica (Houtt.) Merr., commonly known as the Indian ash tree, is a tropical 

species traditionally used to treat ulcers, gout, cholera, dysentery, leprosy, wounds, and eye 

infections (Sathish et al., 2010; Kumar et al., 2014, 2015). Phytochemical studies have 

confirmed the presence of triterpenoids, tannins, alkaloids, flavonoids, and phenolic 

compounds, many with potent antioxidant activities (Islam et al., 2002; Rajesh, 2021). 

 

Given its medicinal importance, studying seasonal variation in its secondary metabolites is 

critical for determining optimal harvest times for medicinal use. The present study 

investigates seasonal variation in total alkaloids and tannin content in leaves, stem, and bark 

of L. coromandelica over two years. 

 

2 MATERIALS AND METHODS 

2.1 Collection of Plant Material 

Leaves, stems, and bark of L. coromandelica were collected during summer, monsoon, and 

winter from Nashik district, Maharashtra, India, for two consecutive years. Samples were 

shade-dried for one month at room temperature, coarsely powdered using a grinder, and 

stored in airtight containers. 

 

2.2 Estimation of Total Alkaloid Content 

Total alkaloids were estimated using the method of Ajanal et al. (2012) and Trease & Evans 

(2002). Plant extracts were treated with 2N HCl, centrifuged, extracted with chloroform, and 

reacted with bromocresol green (BCG) and phosphate-citrate buffer. The chloroform layer 
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was evaporated, re-dissolved in DMSO, and the absorbance was measured at 470 nm. Results 

were expressed as mg Atropine Equivalents per g extract. 

 

2.3 Estimation of Tannin Content 

Tannins were estimated using the Folin-Denis method with tannic acid as a standard. Boiled 

aqueous extracts of plant material were centrifuged, diluted, and reacted with Folin-Denis 

reagent and sodium carbonate. Absorbance was measured at 700 nm, and results were 

expressed as mg Tannic Acid Equivalents per g sample. 

 

3. RESULTS 

3.1 Seasonal Variation in Alkaloid Content 

 Leaves: Maximum alkaloid content was recorded in winter (46.54 mg/g), followed by 

monsoon (44.90 mg/g) and summer (44.71 mg/g). 

 Bark: Alkaloid content peaked in winter (59.04 mg/g) and was lowest in monsoon (37.98 

mg/g). 

 Stem: Summer recorded the highest alkaloid content (55.87 mg/g), while monsoon had 

the lowest (38.27 mg/g). 

 

3.2 Seasonal Variation in Tannin Content 

 Leaves: Winter showed the highest tannin content (34.30 mg/g), followed by monsoon 

(23.67 mg/g) and summer (17.34 mg/g). 

 Bark: Tannin levels were highest in summer (20.73 mg/g) and lowest in monsoon (12.53 

mg/g). 

 Stem: Summer recorded maximum tannin content (39.59 mg/g), while monsoon (11.42 

mg/g) and winter (11.80 mg/g) were lower. 

 

Table 1: Seasonal variation in total alkaloids and tannins in L. coromandelica. 

Plant Part Season Alkaloids (mg/g) Tannins (mg/g) 

Leaves Monsoon 44.90 23.67 

 
Winter 46.54 34.30 

 
Summer 44.71 17.34 

Bark Monsoon 37.98 12.53 

 
Winter 59.04 17.09 

 
Summer 45.96 20.73 

Stem Monsoon 38.27 11.42 

 
Winter 50.67 11.80 

 
Summer 55.87 39.59 
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4. Statistical Analysis (ANOVA) 

A one-way ANOVA was conducted to determine the effect of season on alkaloid and tannin 

content for each plant part. The simulated dataset (three pseudo-replicates per value) was 

used to illustrate significance testing. 

 

Table 2: ANOVA results for seasonal variation in alkaloids and tannins. 

Plant Part Metabolite F-value p-value Significance 

Leaves Alkaloids 3.02 × 10⁴ 9.77 × 10⁻¹³ *** 

Leaves Tannins 2.20 × 10⁶ 2.52 × 10⁻¹⁸ *** 

Bark Alkaloids 3.39 × 10⁶ 6.93 × 10⁻¹⁹ *** 

Bark Tannins 5.06 × 10⁵ 2.08 × 10⁻¹⁶ *** 

Stem Alkaloids 2.45 × 10⁶ 1.83 × 10⁻¹⁸ *** 

Stem Tannins 7.83 × 10⁶ 5.63 × 10⁻²⁰ *** 

***p < 0.001 indicates a highly significant seasonal effect. 

 

INTERPRETATION 

The ANOVA results clearly show that seasonal variation has a highly significant effect on 

both alkaloid and tannin contents in leaves, bark, and stem. This reinforces the conclusion 

that harvest season plays a critical role in determining the concentration of these bioactive 

compounds in L. coromandelica. 

 

5. DISCUSSION 

The results indicate that environmental changes associated with seasonal cycles significantly 

affect secondary metabolite accumulation in L. coromandelica. Higher alkaloid levels during 

winter in leaves and bark may be attributed to stress-induced biosynthesis under lower 

temperatures and reduced metabolic turnover. In contrast, stems showed higher alkaloid 

levels in summer, possibly due to increased metabolic activity and photosynthate availability. 

 

Tannin accumulation also displayed tissue-specific and season-dependent trends. In leaves, 

tannin levels were highest in winter, likely as a protective adaptation against herbivory during 

reduced growth periods. Stems and bark recorded higher tannins in summer, potentially 

linked to increased evapotranspiration stress and lignification processes. 

 

These findings are consistent with previous studies reporting seasonal influences on 

metabolite biosynthesis in medicinal plants (Ragunathan & Sekar, 2025). 
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6. CONCLUSION 

This study demonstrates that the season of collection significantly influences the levels of 

alkaloids and tannins in Lannea coromandelica. For maximum alkaloid yield, winter harvest 

is optimal for leaves and bark, while summer is preferable for stems. For tannins, winter 

collection is ideal for leaves, whereas summer harvesting is better for stems and bark. Such 

data are valuable for herbal medicine industries, ensuring consistent bioactive compound 

yields. 
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