



Biochemical characteristics of different genotypes of wood apple under Tamil Nadu condition



ABSTRACT
	Aim: Wood apple (Feronia limonia L.) is a hardy, underutilized indigenous fruit tree known for its exceptional adaptability to harsh agro-climatic conditions, including drought, salinity, and degraded soils. Despite its rich nutritional and medicinal profile comprising vitamins, minerals, phenolic compounds, and pectin wood apple has seen limited attention in terms of systematic breeding, biochemical evaluation, and commercial cultivation. In the context of growing demand for nutritious, climate-resilient fruit crops and the need for value addition in lesser-known species, a deeper understanding of its genetic variability in quality traits is critical. Thus, this study was undertaken to explore the genetic diversity in key biochemical traits among selected wood apple genotypes with the aim of identifying elite lines suitable for varietal development, industrial processing, and nutritional enhancement.

Methodology: A field evaluation was conducted at the Department of Fruit Science, Horticultural College and Research Institute, TNAU, Periyakulam, Tamil Nadu during 2019-2024. A total of nine genotypes (WFL-01 to WFL-09), shortlisted from prior germplasm collections based on preliminary quality traits, were subjected to detailed biochemical assessment under Randomized Block Design (RBD) with three replications

Results: The Current shows the significant variability among the genotypes for quality parameters such as total soluble solids (TSS) ranging from 13.4 - 15.0 °Brix, acidity (2.40 - 3.60 %), TSS/acidity ratio (3.72 - 7.00), ascorbic acid (13.8 - 16.5 mg 100 g-1), calcium (130 - 245 mg 100 g-1), potassium (670 - 740 mg 100 g-1), pectin content (4.70 - 5.40 %), total sugars (1.83 - 2.38 %), reducing sugars (0.96 - 1.29 %), and non-reducing sugars (0.85 - 1.06 %).	Comment by HP: The current study shows significant 

Conclusion: Among the evaluated genotypes, WFL-03 consistently recorded superior performance across quality traits, followed by WFL-08 and WFL-04, indicating their potential for varietal development and commercial exploitation. The observed genetic variability suggests ample scope for selection and genetic improvement in wood apple for enhanced fruit quality. . .	Comment by HP: The exact number of traits evaluated or their names are not mentioned in the summary.	Comment by HP: It is best to clarify whether the results are for one year or more.	Comment by HP: The numerical values (range, mean, highest, and lowest) were not mentioned in the abstract, which weakens the strength of its scientific impact.	Comment by HP: It is not explained how superior varieties (such as WFL-03) could be used in breeding programs or in the food industry, although this is generally indicated in the conclusion.
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1. INTRODUCTION

Wood apple (Feronia limonia L.) is a monotypic species belonging to the family Rutaceae with a chromosome number of 2n = 18 (Dowarah et al., 2021). It is an underutilized indigenous fruit crop known for its hard shell and aromatic pulp. The unripe fruit is acidic, but when ripe, it develops a pleasant flavor suitable for culinary and processing applications (Shukla et al., 2025). In India, it is known by various vernacular names such as Vilam Pazham (Tamil), Kaitha (Hindi), Kapitha (Sanskrit), Bal (Assamese), Koth bel (Bengali), Kothu (Gujarati), Beladahannu (Kannada), Vilam kai (Malayalam), Kavath (Marathi), Kaitha (Oriya), and Vellagapandu (Telugu) (Shukla et al., 2024). The crop is widely distributed in Southeast Asian countries including Thailand, Malaysia, and Cambodia, and within India, it is naturally found in the plains of southern Maharashtra, West Bengal, Uttar Pradesh, Chhattisgarh, and Madhya Pradesh (Thakur et al., 2020).

Wood apple (Limonia acidissima L.) is known for its exceptional tolerance to drought, salinity, and nutrient-deficient soils, making it ideal for cultivation in arid and semi-arid climatic zones (Bairwa et al., 2021). Though rarely grown in organized orchards, it is commonly seen along field borders, roadways, rail lines, and homestead gardens (Kumar & Deen, 2017). It is a deciduous, medium-sized tree that can grow up to 10 meters in height with a trunk girth ranging from 0.6 to 1.6 meters. The fruit is valued for its versatility, being consumed raw or processed into products like juices, jams, jellies, chutneys, and a traditional beverage called sarbat (Lamani et al., 2022). Nutritionally, the pulp is rich in β-carotene (a precursor to vitamin A), B-complex vitamins (especially riboflavin and thiamine), and moderate levels of vitamin C (Dyuti et al., 2022). It also offers a good amount of protein (up to 10 %) and phenolic compounds (38.67 mg GAE/g DW), which contribute to its antioxidant properties (Sonawane & Arya, 2013). With pectin contents ranging from 3–8%, wood apple holds significant value for the processing industry (Kerkar et al., 2020). Phytochemical studies have identified compounds including flavonoids, phytosterols, glycosides, tannins, coumarins, and triterpenoids (Mahour et al., 2008; Ilango & Chitra, 2009). Its compositional profile reveals high carbohydrate (70.14 %), protein (13.8 %), moderate dietary fiber (1.7 %), and essential minerals like calcium, magnesium, iron, and zinc, with comparatively low fat (4.3 %), making it beneficial for bone health and anemia prevention (Das & Sahoo, 2021).

Despite its nutritional richness and adaptability, wood apple remains an underutilized crop with limited systematic breeding and evaluation programs. However, wide genetic variability exists among native accessions, offering significant potential for crop improvement and development of superior genotypes for commercial cultivation. Therefore, in view of its underexploited potential and nutritional benefits, an evaluation study was undertaken to assess the diversity in biochemical traits among selected wood apple genotypes, aiming to identify elite accessions for future varietal development and value addition.

2. material and methods

Experimental Details
The present investigation on the evaluation of biochemical traits in wood apple (Feronia limonia L.) genotypes was carried out at the Department of Fruit Science, Horticultural College and Research Institute, Tamil Nadu Agricultural University, Periyakulam, Tamil Nadu, India, during the period 2019–2024. Nine promising genotypes (WFL-01 to WFL-09) were selected from diversity-rich regions across Tamil Nadu and established under ex-situ field gene bank conditions. The experiment was laid out in a Randomized Block Design (RBD) with three replications, and standard cultivation practices were followed. 	Comment by HP: Missing environmental details: No information was provided about soil type, rainfall, temperature, irrigation, or fertilization schedule.

Missing treatment data: The age of the trees at the time of measurement and the number of fruits per replicate were not mentioned.

Missing number of replications for chemical analyses: While the number of field replicates was stated, the number of analytical replications for each sample was not specified.
	Comment by HP: Randomized Complete Block Design (RCBD)

Observation Recorded
Total soluble solids (°Brix)
Total soluble solids are determined by placing a few drops of clear fruit juice onto the prism of a hand-held refractometer and reading the value in °Brix (Brito et al., 2021).

Titratable acidity (%)
Titratable acidity is measured by titrating a known quantity of juice with standardized 0.1N sodium hydroxide solution, using phenolphthalein as an indicator (AOAC, 2005).

TSS/Acidity Ratio
It is used to calculate by dividing the value of total soluble solids (°Brix) by titratable acidity (%):
TSS/Acidity Ratio= 


Ascorbic Acid (mg 100 g‑1)
The ascorbic acid content is estimated by extracting the sample in an oxalic acid solution and titrating with 2,6-dichlorophenolindophenol dye until a persistent pink color is observed. The concentration is calculated from a standard curve or titration factor 	Comment by HP: A reference is cited here

Calcium (mg 100 g-1)
Calcium is analyzed using atomic absorption spectrophotometry (AAS), in which the fruit extract is compared against calcium standards (Zade, 2017).

Potassium (mg 100 g-1)
Potassium content is measured using flame photometry on digested fruit samples. The concentration is determined by calibration with potassium standards (Mutalik et al., 2011)

Pectin (%) 
Pectin is extracted from fruit, precipitated as calcium pectate, and then dried and weighed, or alternatively quantified by reaction with copper and spectrophotometric determination (Roman‑Benn et al., 2023). 

Total sugars, reducing sugars and non-reducing sugars
All the sugar fractions were analysed from the standard method outlined by Ranganna (1986).

Statistical Analysis	Comment by HP: There is no indication of whether homogeneity of variance was tested or if statistical assumptions were verified.

The formulas for the analysis of variance were not mentioned, nor whether the values were pooled across years (e.g., repeated measures ANOVA).
The pooled data recorded over multiple seasons were statistically analyzed using Analysis of Variance (ANOVA) in R software (version 2.4.1), employing the agricolae package for performing mean comparisons and experimental design analysis (De Mendiburu, 2020). Treatment means were compared at the 5 % level of significance using the Critical Difference (CD) method to identify statistically significant differences among wood apple genotypes. 

3. results and discussion	Comment by HP: No precise values were provided, such as mean ± standard deviation or statistical significance differences.

The data presented in Figure 1 and Table 1 reflect considerable genetic variability among the wood apple genotypes for key biochemical parameters such as TSS, acidity, ascorbic acid, pectin, calcium, and potassium content. This variation indicates significant potential for identifying superior genotypes for nutritional enhancement, processing quality, and value-added product development.	Comment by HP: Table 1" was referenced but not attached.

Total Soluble Solids	Comment by HP: It was not explained, for example, why WFL-03 was the best—was it due to the environment or genetic origin?

The relationships between traits were not clarified (for instance, whether higher TSS is associated with higher sugar content).

The Total Soluble Solids (TSS) content ranged from 13.4 °Brix (WFL-01) to 15.0 °Brix (WFL-03), suggesting the presence of genotypes with high sweetness and juice extraction potential. Genotypes WFL-03, WFL-08, and WFL-04 exhibited higher TSS values (>14.5 °Brix), which are considered desirable for palatability and processing. Similar findings were reported by Sharma et al. (2024) and Das & Sahoo (2021), who noted that TSS content above 14 °Brix is preferred in processing industries due to improved taste and concentration efficiency.
Titratable acidity
Titratable acidity ranged from 2.40 % (WFL-03) to 3.60 % (WFL-01 and WFL-07). Lower acidity values, as observed in WFL-03 and WFL-08, are desirable for fresh consumption and juice processing as they offer better consumer acceptability. Higher acidity, noted in genotypes like WFL-01, may be suitable for products like chutneys, pickles, and savory pastes (Savitha & Kumari, 2023). The TSS/Acidity ratio, a reliable indicator of sweetness perception and flavor balance, varied significantly across genotypes. The highest ratio was recorded in WFL-03 (7.00), followed by WFL-08 (5.10) and WFL-04 (4.82), indicating a favorable sweet-acid balance. These genotypes are excellent candidates for juice processing and fresh fruit consumption. Lower ratios, as in WFL-01 (3.72) and WFL-07 (3.86), suggest their stronger suitability for culinary processing and traditional uses, as highlighted by Das & Sahoo (2021) and Kerkar et al. (2020), who emphasized sugar-acid balance as a key parameter in fruit-based product development.
Ascorbic acid
Ascorbic acid content showed considerable variation, with the highest content in WFL-03 (16.50 mg 100 g-1), followed by WFL-08 (15.50 mg 100 g-1) and WFL-04 (15.00 mg 100 g-1). These genotypes can contribute significantly to daily vitamin C intake and dietary antioxidant enhancement. These values align with those reported in the nutritional evaluation of Limonia acidissima by Dyuti et al. (2022) and Das & Sahoo (2021), indicating genotypic influence on ascorbic acid accumulation.
Calcium and Potassium
Calcium and Potassium content varied widely, ranging from 130.00 mg 100 g-1 (WFL-01) to 245.00 mg 100 g-1 (WFL-03). Elevated calcium is beneficial for bone health and postharvest shelf life due to enhanced cell wall strength. Potassium content peaked in WFL-03 (740 mg 100 g-1), followed by WFL-08 (720 mg 100 g-1), indicating their contribution to cardiovascular health and fruit taste quality. These findings were similarly reported by Rajangam & Sankar (2022) in wood apple.
Pectin
Pectin content, critical for jelly and jam preparation, ranged from 4.70 % (WFL-07) to 5.40 % (WFL-03). Genotypes with pectin values above 5% (WFL-03, WFL-04, WFL-08) are excellent raw materials for pectin extraction, jam/jelly production, and food industry value addition. These observations are consistent with findings of Kerkar et al. (2020), who reported that higher pectin levels in specific genotypes of Limonia acidissima significantly enhance processing suitability.
Total sugar, reducing sugar and non-reducing sugar
Sugar fractions also demonstrated genotype-dependent diversity. Total sugars ranged from 1.55 % to 2.38 %, with WFL-03 (2.38 %), WFL-08 (2.36 %), and WFL-09 (2.34 %) recording the highest values. High non-reducing sugar content (>1.05%) in these genotypes further enhances sweetness perception and storage stability. Reducing sugars, essential for flavor and browning during thermal processing, ranged from 0.84 % to 1.29 %, with WFL-03 (1.29 %) and WFL-08 (1.26 %) recording the highest concentrations. These genotypes, with high reducing and non-reducing sugars and favorable TSS/acid ratios, are preferred in fruit pulp processing and confectionery applications (Das & Sahoo, 2021; Sharma et al., 2024).
[image: ]
Fig. 1. Biochemical traits diversity among wood apple genotypes
Test the significant at P < 0.05 and Each bar represents the mean value ± standard error (SE) of pooled data across multiple seasons.
=	Comment by HP: Although the use of ANOVA and CD was mentioned, the actual values of CD or LSD were not presented in the results.

It was not stated whether the differences between the genotypes were statistically significant or merely numerical variations.
4. Conclusion	Comment by HP: It is preferable to clarify the recommendations, such as what should be done next—breeding programs, testing in other environments, or molecular analysis.


The evaluation of biochemical parameters among the nine-wood apple (Feronia limonia L.) genotypes revealed substantial variation, reflecting the presence of rich nutritional diversity and processing potential. Among the genotypes, WFL-03 recorded superior biochemical composition with the highest TSS, ascorbic acid, calcium, potassium, pectin content, and TSS/acidity ratio, indicating its suitability for both table consumption and value-added products. Genotypes such as WFL-08 and WFL-04 also exhibited favorable traits like balanced acidity, high pectin, and sugar content, making them ideal for processing purposes. The observed differences in sweetness, acidity, vitamin C, and mineral levels among the genotypes emphasize the importance of selecting nutritionally rich accessions for varietal improvement and commercial exploitation. The study highlights the potential of wood apple as a health-promoting fruit and supports the identification of superior genotypes for future breeding and functional food development.
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