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Evaluation of biochemical attributes of custard apple (Annona squamosa L.) genotypes in Mohla Manpur Ambagarh Chowki district, Chhattisgarh, India

Abstract
	Background: Custard apple (Annona squamosa L.) exhibits variation in fruit biochemical characteristics that may be relevant to the selection of local genetic material.
Aims: To evaluate the biochemical characteristics and fruit quality of custard apple genotypes in Mohla Manpur Ambagarh Chowki district of Chhattisgarh and identify superior genotypes with desirable biochemical attributes and nutritional quality.
Objectives of the Study: 1. To characterise indigenous custard apple genotypes based on their biochemical composition. 2. To evaluate and compare the biochemical quality of custard apple genotypes collected from Mohla Manpur Ambagarh Chowki district of Chhattisgarh. 3. To identify superior genotypes with desirable biochemical characteristics for future selection and improvement programmes.
Study Design: The study was conducted using 31 custard apple genotypes, comprising 30 indigenous seedling genotypes and one check variety (Balanagar), with four replications.
Place and Duration of Study: The experiment was carried out in Mohla Manpur Ambagarh Chowki district of Chhattisgarh over two consecutive years, 2024–25 and 2025–26.
Methodology: Biochemical characterisation was carried out by evaluating quality parameters, including Total Soluble Solids (TSS), titratable acidity, ascorbic acid, total sugars, reducing sugars, non-reducing sugars, TSS: acid ratio, sugar:acid ratio and pH. The analysis of fruit samples was conducted in the Horticulture Processing Laboratory, Department of Fruit Science, College of Agriculture, Raipur, Chhattisgarh, India. Three blocks were selected, with five villages from each block.
Results: The pooled analysis revealed considerable variation in biochemical traits among custard apple genotypes. Balanagar recorded the highest TSS (23.83 °Brix), total sugars (23.12%), TSS:acid ratio (116.28), sugar:acid ratio (112.84) and pH (5.13), whereas ACA-10 exhibited the highest titratable acidity (0.33%). ACA-7, ACA-6 and ACA-15 recorded the highest ascorbic acid (15.23 mg/100 g), reducing sugar (15.24%) and non-reducing sugar (11.15%), respectively. The minimum TSS and total sugars were observed in ACA-10, while ACA-22 recorded the minimum ascorbic acid and reducing sugar. ACA-6 exhibited the minimum non-reducing sugar (3.94%), ACA-25 had the minimum pH (4.01), and ACA-10 recorded the minimum TSS:acid ratio (54.49) and sugar:acid ratio (53.26).
Conclusion: The study identified promising custard apple genotypes with superior biochemical composition and fruit quality, providing valuable information for selection and crop improvement programmes.



Keywords: Custard apple; Annona squamosa L.; Indigenous genotypes; Biochemical characterisation; Fruit quality; Total soluble solids; Titratable acidity; Ascorbic acid; Sugar composition; Genotypic variability.

1. INTRODUCTION
Custard apple (Annona squamosa L.), commonly known as sugar apple, is an important fruit crop belonging to the family Annonaceae. It has a diploid chromosome number of 2n = 14. In India, it is commonly known as ‘Sitaphal’ in South India and ‘Sharifa’ in North India (Jagtap & Bapat, 2012). The fruit is well known for its pleasant flavour, mild aroma and sweet taste. Custard apple is well adapted to dryland conditions and can grow successfully in areas where water availability is limited. The genus Annona comprises 166 species, of which six produce edible fruits, including A. squamosa, A. reticulata, A. cherimola, A. muricata, A. atemoya and A. glabra (Larranaga and Hormaza, 2015). Recent genomic research on Annona squamosa has identified sucrose-related metabolic pathways, providing a basis for further investigation of fruit sugar traits (Bisht et al., 2025).
The custard apple plant is small and generally has a shrub-like growth habit. It sheds its leaves during winter and produces flowers on the current season’s young shoots. The flowers are bisexual and show distinct protogyny, where the female part matures before the male part (Sampath Kumar & Jalikop, 2000). The fruit is nutritious and contains about 23.5 per cent carbohydrates, 73.5 per cent moisture, 1.6 per cent protein, 0.3 per cent fat and 0.9 per cent minerals (Gyamfi et al. 2011). It also contains 22.30° Brix TSS, pH 5.6 and 0.5 per cent tannins (Gopalan et al., 1989). Custard apples are used both in Ayurvedic and Yunani systems of medicine (Jamkhande et al., 2017). The immature fruits, seeds, leaves, and roots of custard apple have important medicinal value (Saleem et al. 2009). The bark, leaves, unripe fruit and seeds contain alkaloids such as annonain, liriodenine and reticuline (muricinine). A decoction of the roots is used to reduce fever. Custard apple is rich in copper, which helps in the formation of haemoglobin in the body. The seeds contain approximately 3 per cent oil, which is used in the preparation of pesticides, tannin, cosmetics, soaps and paints. The seed cake, which contains about 4 per cent nitrogen, is used as cattle feed and as organic manure.
The fruits are mainly consumed fresh as table fruits because of their delicious taste. The pulp is also used in ice cream and other milk-based products (Nath et al., 2008). On a limited scale, the fruit is used for preparing jam, jelly and other value-added products (Rao, 1974). Since custard apple is a climacteric fruit, it undergoes rapid changes after harvest. Mature fruits ripen quickly and become very soft and unsuitable for consumption within 3–4 days at room temperature (Baraily and Kaushik, 2015). The use of custard apple pulp in lassi formulations has also been investigated, illustrating its application in milk-based preparations (Meshram et al., 2024).
Custard apple is mainly a cross-pollinated crop and therefore shows considerable variation in fruit size, shape, pulp colour and other characters. Several varieties and selections such as Balanagar, Purandar Selection, Barbadose, British Guinea, Washington, Red Sitaphal, Hyderabad Selection, APK-1 and Salem Selection are known in India (Meghana et al., 2020). However, the performance and expression of many morphological and biochemical characters may vary with environmental conditions and the stage of plant development. A recent study of wild and semi-wild Annona squamosa genotypes in eastern India documented variation in soluble solids, sugar content, titratable acidity and ascorbic acid (Rajpoot et al., 2026). Research on orchard management has also associated growing conditions with fruit-quality indicators in Annona squamosa, supporting careful interpretation of quality traits within their production context (Wang et al., 2025).
In Chhattisgarh, custard apple is an important fruit crop, particularly in areas with suitable dryland conditions. The Mohla Manpur Ambagarh Chowki district has considerable natural diversity of indigenous custard apple plants, but these local genotypes have not been adequately studied and characterised. The presence of variation among indigenous genotypes provides an opportunity to identify superior types with desirable fruit, growth, flowering, yield and quality characters. An assessment of local custard apple genotypes in Kanker district of Chhattisgarh likewise recorded variation in fruit morphological traits, indicating the value of evaluating germplasm from individual districts (Rana et al., 2025).
Objective of the study: The present study aimed to compare the biochemical quality characteristics of indigenous custard apple genotypes from Mohla Manpur Ambagarh Chowki district with those of the Balanagar check variety and to identify genotypes with desirable fruit-quality attributes for further evaluation and selection.
2. MATERIAL AND METHODS
The present investigation was conducted during 2024–25 and 2025–26 in Mohla Manpur Ambagarh Chowki district of Chhattisgarh to characterise and evaluate indigenous custard apple genotypes for biochemical traits. The experimental material comprised 31 indigenous custard apple genotypes along with one check variety, Balanagar. The genotypes were maintained under field conditions and evaluated in a Randomised Block Design (RBD) with four replications.
The study area comprised three selected blocks, each with five villages. The Balanagar check variety provided a comparator for indigenous genotypes, which are identified by Ambagarh Custard Apple (ACA) codes in the results tables.
Fully mature fruits were harvested from each genotype at the appropriate stage of maturity and used to estimate biochemical quality parameters. The observations were recorded on total soluble solids (TSS), titratable acidity, ascorbic acid, total sugars, reducing sugars, non-reducing sugars, TSS ratio, sugar ratio and pH.
Biochemical characterisation of the harvested fruits was undertaken at the Horticulture Processing Laboratory, Department of Fruit Science, College of Agriculture, Raipur, Chhattisgarh, India. The selected variables covered soluble solids, organic-acid-related characteristics, ascorbic acid content and the principal reported sugar fractions. Total soluble solids were expressed in degrees Brix (°Brix); titratable acidity, total sugars, reducing sugars and non-reducing sugars were reported as percentages; and ascorbic acid was expressed in mg/100 g. Fruit pH was recorded separately. The TSS:acid and sugar:acid ratios were included to describe the relationships between soluble solids or sugar content and titratable acidity.
Observations were reported for 2024–25 and 2025–26 separately, as well as in a pooled analysis of the two study years. This presentation allowed the biochemical characteristics of the evaluated genotypes to be compared within each year and across the combined dataset. The results tables provide the reported treatment means, standard errors of the mean [S.E. (m) ±], critical differences (C.D.) at the 5% level of significance and coefficients of variation [C.V. (%)]. Superscript letters accompanying treatment means indicate the statistical groupings described in the corresponding table notes. The recorded values were used to identify genotypes with comparatively favourable attributes for individual traits.
3. RESULTS AND DISCUSSIONS
1. Total Soluble Solids (°Brix)
Significant variation in total soluble solids (TSS) was observed among the custard apple genotypes during both years and in the pooled analysis. During 2024–25, the maximum TSS was recorded in Balanagar (23.73 °Brix), which was statistically at par with ACA-23 (23.29 °Brix), ACA-17 (23.26 °Brix) and ACA-15 (23.13 °Brix), while the minimum was recorded in ACA-25 (17.85 °Brix). During 2025–26, Balanagar recorded the maximum TSS (23.92 °Brix), statistically at par with ACA-23 (23.64 °Brix) and ACA-17 (23.12 °Brix), whereas ACA-10 recorded the minimum value (18.05 °Brix). In pooled analysis, Balanagar exhibited the maximum TSS (23.83 °Brix), while ACA-10 recorded the minimum (17.97 °Brix). The variation in TSS among genotypes may be attributed to genotypic differences in sugar accumulation, enzymatic activity and starch hydrolysis during fruit ripening. Similar variability in TSS among custard apple genotypes was reported by Jalikop and Kumar (2000), Ghosh et al. (2001), Ghavale et al. (2016), Nag (2017) and Gaurha et al. (2024).
2. Titratable acidity (%)
Considerable differences in titratable acidity were recorded among the custard apple genotypes in both years and in the pooled analysis. In 2024–25, the maximum acidity was noted in ACA-10 (0.32%), whereas Balanagar showed the minimum value (0.20%). During 2025–26, ACA-10 again exhibited the highest acidity (0.34%), while the minimum value was recorded in Balanagar (0.21%). The pooled data also showed a similar trend, with ACA-10 registering the maximum acidity (0.33%) and Balanagar the minimum acidity (0.21%). The variation in acidity may be associated with genetic differences among genotypes that influence the production and accumulation of organic acids during fruit growth and maturation. Similar variations in titratable acidity have been reported by Ghosh et al. (2001), Sousa et al. (2006), Mathakar (2005) and Jadhav (2008).
3. Ascorbic acid (mg/100g)
In 2024–25, the maximum ascorbic acid content was recorded in ACA-7 (14.98 mg/100 g), while the minimum was observed in ACA-22 (10.99 mg/100 g). During 2025–26, ACA-7 again recorded the maximum value (15.48 mg/100 g), whereas ACA-22 showed the minimum (11.10 mg/100 g). In the pooled analysis, the maximum ascorbic acid content was recorded in ACA-7 (15.23 mg/100 g), while ACA-22 recorded the minimum (11.04 mg/100 g). The variation among genotypes may be associated with differences in their genetic potential for vitamin C synthesis and retention during fruit development and ripening. The present findings are in agreement with Jalikop and Kumar (2000), Ghosh et al. (2001), Ghavale et al. (2016), Nag (2017) and Gaurha et al. (2024), who reported considerable variation in ascorbic acid content among custard apple genotypes.
4. Total sugar (%)
Substantial variability in total sugar content was observed among the custard apple genotypes during both years and in the pooled analysis. In 2024–25, the maximum total sugar content was recorded in Balanagar (23.04%), whereas ACA-25 recorded the minimum (16.56%). During 2025–26, Balanagar again exhibited the maximum value (23.20%), while ACA-10 recorded the minimum (16.85%). In the pooled analysis, the maximum total sugar content was observed in Balanagar (23.12%), followed by ACA-23 (22.85%) and ACA-17 (22.71%), whereas ACA-10 recorded the minimum (17.54%). The differences among genotypes may be associated with their genetic potential for carbohydrate synthesis, translocation and sugar accumulation during fruit development and ripening. The present findings are comparable with the reports of Ghosh et al. (2001), Onimawo (2002), Sousa et al. (2006), Dikshit et al. (2008) and Jadhav (2008), who also observed considerable variation in sugar content among Annona genotypes.
5. Reducing sugar (%)
Marked variation in reducing sugar content was observed among the custard apple genotypes in both years and in the pooled analysis. During 2024–25, the maximum reducing sugar content was recorded in ACA-6 (15.31%), whereas ACA-22 recorded the minimum (11.02%). In 2025–26, ACA-28 showed the maximum value (15.32%), while ACA-22 again recorded the minimum (11.17%). The pooled analysis revealed that ACA-6 had the maximum reducing sugar content (15.24%), statistically at par with ACA-7 (15.21%), ACA-19 (15.21%) and ACA-28 (15.04%), whereas ACA-22 recorded the minimum (11.09%). The observed differences may be associated with genotype-specific variation in carbohydrate metabolism and the conversion of starch and sucrose into reducing sugars during fruit maturation. Similar variations in reducing sugar content have been reported by Ghosh et al. (2001), Onimawo (2002), Sousa et al. (2006), Jadhav (2008), Nag (2017) and Gaurha et al. (2024).
6. Non-reducing sugar (%)
Considerable variation in non-reducing sugar content was observed among the custard apple genotypes during both years and in pooled analysis. During 2024–25, the maximum non-reducing sugar content was recorded in ACA-15 (11.00%), while ACA-6 showed the minimum (3.50%). In 2025–26, ACA-15 again recorded the maximum value (11.31%), whereas ACA-16 had the minimum (4.30%). The pooled analysis also showed that ACA-15 exhibited the maximum non-reducing sugar content (11.15%), while ACA-6 recorded the minimum (3.94%). The observed variability may be attributed to genotypic differences in sugar accumulation and the biochemical conversion of sucrose into reducing sugars during fruit ripening. Similar variations in non-reducing sugar content have been reported by Ghosh et al. (2001), Onimawo (2002), Sousa et al. (2006) and Jadhav (2008).
7. TSS: acid ratio
The genotypes exhibited substantial diversity in the TSS:acid ratio in both years and the pooled analysis. In 2024–25, Balanagar registered the maximum ratio (118.65), whereas ACA-10 showed the minimum (55.88). Likewise, in 2025–26, the maximum ratio was recorded in Balanagar (113.92) and the minimum was in ACA-10 (53.09). The pooled results followed a similar pattern, with Balanagar attaining the maximum TSS:acid ratio (116.28) and ACA-10 the minimum ratio (54.49). The differences in the TSS:acid ratio could be linked to genotype-dependent variation in soluble solids and organic acid accumulation during fruit maturation. Comparable variation in the TSS:acid ratio among Annona genotypes was also documented by Ghavale et al. (2016) and Gaurha et al. (2024).

8. Sugar: acid ratio 
During 2024–25, Balanagar recorded the maximum ratio (115.20), while ACA-10 showed the minimum (56.97). In 2025–26, the highest ratio was again observed in Balanagar (110.48), whereas ACA-10 recorded the minimum (49.56). The pooled analysis followed a similar trend, with Balanagar exhibiting the maximum sugar:acid ratio (112.84) and ACA-10 the minimum (53.26). The variation in sugar:acid ratio may be attributed to genotypic differences in sugar accumulation and organic acid utilization during fruit ripening. Genotypes with higher sugar and lower acidity generally exhibited a higher ratio. Similar variability in sugar:acid ratio among annona genotypes was reported by Ghavale et al. (2016) and Gaurha et al. (2024).
9. pH
Considerable variation in fruit pH was observed among the custard apple genotypes during both years and in the pooled analysis. During 2024–25, the maximum fruit pH was recorded in Balanagar (5.09), whereas ACA-25 showed the minimum (3.95). In 2025–26, Balanagar again exhibited the maximum pH (5.16), while ACA-14 and ACA-25 recorded the minimum (4.07). The pooled analysis showed that Balanagar had the maximum fruit pH (5.13), whereas ACA-25 recorded the minimum (4.01). The variation in fruit pH may be associated with genotypic differences in the accumulation and utilization of organic acids during fruit maturation. As ripening progresses, organic acids are utilized in metabolic processes, resulting in changes in fruit pH. Similar variability in fruit pH among custard apple genotypes was reported by Nag (2017) and Gaurha et al. (2024).










Table: 1 Variability in total soluble solids (ᵒBrix) and titratable acidity (%) of custard apple genotypes.
	Custard apple genotypes
	Total soluble solids (ᵒ Brix)
	Titratable acidity (%)

	
	2024-25
	2025-26
	Pooled
	2024-25
	2025-26
	Pooled

	ACA-1
	21.15defgh
	21.59defghi
	21.37fghi
	0.22a
	0.23a
	0.23a

	ACA-2
	21.6cdef
	21.69defghi
	21.65efgh
	0.21a
	0.23a
	0.22a

	ACA-3
	22.62abc
	22.73abcde
	22.67bcde
	0.21a
	0.22a
	0.22a

	ACA-4
	21.02efgh
	21.55efghi
	21.28fghij
	0.30a
	0.29a
	0.30a

	ACA-5
	21.27defg
	21.64defghi
	21.46fghi
	0.26a
	0.27a
	0.27a

	ACA-6
	18.96ij
	19.63jk
	19.29lmn
	0.24a
	0.23a
	0.24a

	ACA-7
	20.09ghi
	20.52hij
	20.30jkl
	0.27a
	0.30a
	0.29a

	ACA-8
	22.40bcd
	22.17cdefg
	22.29cdef
	0.23a
	0.22a
	0.23a

	ACA-9
	20.83efgh
	21.25fghi
	21.04ghijk
	0.21a
	0.22a
	0.22a

	ACA-10
	17.88j
	18.05m
	17.97o
	0.32a
	0.34a
	0.33a

	ACA-11
	18.36j
	18.90klm
	18.63no
	0.28a
	0.27a
	0.28a

	ACA-12
	21.15defgh
	21.67defghi
	21.41fghi
	0.25a
	0.26a
	0.26a

	ACA-13
	19.03ij
	19.48jk
	19.26mn
	0.23a
	0.22a
	0.23a

	ACA-14
	21.38cdefg
	21.67defghi
	21.53fgh
	0.27a
	0.26a
	0.27a

	ACA-15
	23.13ab
	22.91abcd
	23.02abcd
	0.26a
	0.29a
	0.28a

	ACA-16
	19.18ij
	19.41jkl
	19.30lmn
	0.28a
	0.29a
	0.29a

	ACA-17
	23.26ab
	23.12abc
	23.19abc
	0.27a
	0.26a
	0.27a

	ACA-18
	22.65abc
	22.77abcde
	22.71bcde
	0.30a
	0.29a
	0.30a

	ACA-19
	19.84hi
	20.43ij
	20.13klm
	0.28a
	0.29a
	0.29a

	ACA-20
	21.61cdef
	21.66defghi
	21.63efgh
	0.27a
	0.28a
	0.28a

	ACA-21
	21.71cdef
	21.59defghi
	21.65efgh
	0.21a
	0.22a
	0.22a

	ACA-22
	21.18defg
	21.81defgh
	21.50fghi
	0.27a
	0.28a
	0.28a

	ACA-23
	23.29ab
	23.64ab
	23.47ab
	0.31a
	0.33a
	0.32a

	ACA-24
	20.68fgh
	20.99ghi
	20.84hijk
	0.28a
	0.27a
	0.28a

	ACA-25
	17.85j
	18.28lm
	18.06o
	0.29a
	0.31a
	0.30a

	ACA-26
	21.68cdef
	22.14cdefg
	21.91efgh
	0.23a
	0.24a
	0.24a

	ACA-27
	20.18ghi
	20.63hij
	20.41ijk
	0.25a
	0.26a
	0.26a

	ACA-28
	21.63cdef
	22.50bcdef
	22.07defg
	0.23a
	0.25a
	0.24a

	ACA-29
	22.20bcde
	22.13cdefg
	22.17cdef
	0.24a
	0.23a
	0.24a

	ACA-30
	20.85efgh
	21.12ghi
	20.99ghijk
	0.27a
	0.29a
	0.28a

	Balanagar (check)
	23.73a
	23.92a
	23.83a
	0.20a
	0.21a
	0.21a

	S.E (m) ±
	0.65
	0.60
	0.44
	0.01
	0.01
	0.01

	C.D @ 5%
	1.91
	1.78
	1.30
	0.02
	0.01
	0.39

	C.V (%)
	6.14
	5.62
	5.89
	3.11
	3.07
	2.08



Note: Custard apple genotypes were coded as Ambagarh Custard Apple (ACA) and ACA-1 for Ambagarh custard apple-1, ACA-2 for Ambagarh Custard Apple-2 and so on. The superscript letter indicate that the treatment means with the same letter at par at 5 % level of significance, while the means with different letter are significantly different at 5% level of significance. These letters have been affixed based on CD- value comparison of treatment means. 




Fig: 1 Variability in total soluble solids (ᵒ Brix) among custard apple genotypes during 2024–25, 2025–26 and pooled analysis.


Fig: 2 Variability in titratable acidity (%) among custard apple genotypes during 2024–25, 2025–26 and pooled analysis.
Table: 2 Variability in ascorbic acid (mg/100g) and total sugar (%) of custard apple genotypes.

	Custard apple genotypes
	Ascorbic acid (mg/100g)
	Total sugar (%)

	
	2024-25
	2025-26
	Pooled
	2024-25
	2025-26
	Pooled

	ACA-1
	12.19ijkl
	12.88fghijk
	12.54ghi
	20.70efghijk
	20.95fghij
	20.83ghij

	ACA-2
	13.07efghij
	13.11efghij
	13.09efg
	21.34cdefgh
	21.56cdefghi
	21.45defgh

	ACA-3
	12.11jkl
	12.19jklm
	12.15hij
	22.03abcd
	22.54abcd
	22.29abcd

	ACA-4
	12.15jkl
	12.33ijklm
	12.24hij
	20.38ghijk
	20.8ghij
	20.59hijk

	ACA-5
	13.57cdef
	13.58defg
	13.57def
	21.24defghi
	21.09fghi
	21.17efghij

	ACA-6
	14.87a
	15.34a
	15.11a
	18.81lmn
	19.54klm
	19.18lm

	ACA-7
	14.98a
	15.48a
	15.23a
	19.80jkl
	19.81jkl
	19.81kl

	ACA-8
	13.5cdefg
	13.8def
	13.65def
	21.89abcde
	22.31abcde
	22.10bcde

	ACA-9
	11.69klm
	11.8lmn
	11.74ijk
	20.16hijk
	20.69hijk
	20.43hijk

	ACA-10
	12.46hijk
	12.57hijkl
	12.52ghi
	18.23n
	16.85n
	17.54n

	ACA-11
	13.17efghi
	13.43defgh
	13.3efg
	18.43mn
	18.65m
	18.54mn

	ACA-12
	14.36abc
	14.91ab
	14.63abc
	20.46fghijk
	21.47cdefghi
	20.97fghij

	ACA-13
	13.86bcde
	13.94cde
	13.9cde
	18.85lmn
	18.91lm
	18.88lm

	ACA-14
	12.88efghij
	13.28defghi
	13.08efg
	21.34cdefgh
	21.35defghi
	21.35defgh

	ACA-15
	11.41lm
	11.6mn
	11.50jk
	22.34abcd
	22.82ab
	22.58abc

	ACA-16
	14.41abc
	14.8abc
	14.6abc
	19.45klm
	18.87lm
	19.16lm

	ACA-17
	13.05efghij
	13.13efghij
	13.09efg
	22.60abc
	22.82ab
	22.71abc

	ACA-18
	14.16abcd
	14.25bcd
	14.21bcd
	22.05abcd
	22.56abc
	22.31abcd

	ACA-19
	14.96a
	14.85ab
	14.9ab
	19.55klm
	19.60klm
	19.58kl

	ACA-20
	11.67klm
	11.88lmn
	11.78ijk
	21.36cdefgh
	21.2efghi
	21.28defghij

	ACA-21
	12.51ghijk
	12.6ghijkl
	12.55ghi
	21.73bcdef
	20.89fghij
	21.31defghi

	ACA-22
	10.99m
	11.10n
	11.04k
	21.06defghij
	21.89bcdefgh
	21.48defgh

	ACA-23
	12.24ijkl
	12.09klmn
	12.16hij
	22.75ab
	22.94ab
	22.85ab

	ACA-24
	12.75fghij
	13.13efghij
	12.94fgh
	20.02ijkl
	20.55ijk
	20.29ijk

	ACA-25
	12.08jkl
	12.12klmn
	12.1ij
	16.56o
	18.56m
	17.56n

	ACA-26
	13.16efghi
	13.45defgh
	13.31efg
	21.53bcdefg
	22.04abcdef
	21.79cdefg

	ACA-27
	13.82bcde
	13.61def
	13.72def
	19.97ijkl
	20.52ijk
	20.25jk

	ACA-28
	14.69ab
	14.93ab
	14.81ab
	21.43cdefgh
	22.42abcd
	21.93bcdef

	ACA-29
	13.32defgh
	13.51defgh
	13.42def
	21.76bcde
	21.96bcdefg
	21.86bcdefg

	ACA-30
	13.32defgh
	13.64def
	13.48def
	20.21hijk
	20.68hijk
	20.45hijk

	Balanagar (check)
	13.56cdef
	13.57defg
	13.56def
	23.04a
	23.20a
	23.12a

	S.E (m) ±
	0.36
	0.35
	0.25
	0.60
	0.53
	0.40

	C.D @ 5%
	0.57
	0.61
	0.70
	0.84
	0.89
	1.12

	C.V (%)
	3.06
	3.03
	4.40
	2.89
	3.00
	4.46



Note: Custard apple genotypes were coded as Ambagarh Custard Apple (ACA) and ACA-1 for Ambagarh custard apple-1, ACA-2 for Ambagarh Custard Apple-2 and so on. The superscript letter indicate that the treatment means with the same letter at par at 5 % level of significance, while the means with different letter are significantly different at 5% level of significance. These letters have been affixed based on CD- value comparison of treatment means. 





Fig: 3 Variability in ascorbic acid (mg/100g) among custard apple genotypes during 2024–25, 2025–26 and pooled analysis.

Fig: 4 Variability in total sugar (%) among custard apple genotypes during 2024–25, 2025–26 and pooled analysis.



Table: 3 Variability in reducing sugar (%) and non-reducing sugar (%) of custard apple genotypes.


	Custard apple genotypes
	Reducing sugar (%)
	Non-reducing sugar (%)

	
	2024-25
	2025-26
	Pooled
	2024-25
	2025-26
	Pooled

	ACA-1
	12.23hijkl
	12.40ghijk
	12.32hijkl
	8.47e
	8.55d
	8.51d

	ACA-2
	13.01efghi
	13.12defghi
	13.07efgh
	8.33ef
	8.44de
	8.38d

	ACA-3
	11.87jklm
	12.33hijk
	12.10jklm
	10.16bc
	10.21bc
	10.19bc

	ACA-4
	12.03ijklm
	12.31ijk
	12.17jklm
	8.35ef
	8.49de
	8.42d

	ACA-5
	13.62cdef
	13.95bcde
	13.78cde
	7.63fg
	7.14fg
	7.38e

	ACA-6
	15.31a
	15.17a
	15.24a
	3.50m
	4.37j
	3.94i

	ACA-7
	15.22a
	15.19a
	15.21a
	4.58l
	4.62ij
	4.6hi

	ACA-8
	13.54cdef
	13.83bcde
	13.68de
	8.35ef
	8.48de
	8.42d

	ACA-9
	11.65klm
	12.01jkl
	11.83klmn
	8.51e
	8.68d
	8.60d

	ACA-10
	12.32ghijkl
	12.4ghijk
	12.36hijkl
	5.91ij
	4.45j
	5.18gh

	ACA-11
	13.25defg
	13.32defghi
	13.29defg
	5.18kl
	5.33i
	5.26gh

	ACA-12
	14.69ab
	14.81ab
	14.75ab
	5.78jk
	6.66gh
	6.22f

	ACA-13
	13.71cde
	13.78cdef
	13.74cde
	5.14kl
	5.14ij
	5.14gh

	ACA-14
	13.08efgh
	13.24defghi
	13.16efg
	8.26ef
	8.11de
	8.19d

	ACA-15
	11.34lm
	11.51kl
	11.43mn
	11.00a
	11.31a
	11.15a

	ACA-16
	14.40abc
	14.57abc
	14.49abc
	5.05kl
	4.30j
	4.67ghi

	ACA-17
	12.95efghi
	13.08defghi
	13.01efghi
	9.65c
	9.74c
	9.70c

	ACA-18
	14.09bcd
	13.99bcd
	14.04bcd
	7.96efg
	8.57d
	8.26d

	ACA-19
	15.12a
	15.30a
	15.21a
	4.43l
	4.31j
	4.37i

	ACA-20
	11.78jklm
	11.68kl
	11.73lmn
	9.58c
	9.53c
	9.55c

	ACA-21
	12.35ghijk
	12.76fghij
	12.56ghijk
	9.38cd
	8.13de
	8.75d

	ACA-22
	11.02m
	11.17l
	11.09n
	10.04bc
	10.72ab
	10.38b

	ACA-23
	12.25hijkl
	12.39ghijk
	12.32hijkl
	10.50ab
	10.55ab
	10.52b

	ACA-24
	12.66fghij
	12.91efghij
	12.78fghij
	7.36g
	7.64ef
	7.50e

	ACA-25
	12.07ijkl
	12.38hijk
	12.23ijkl
	4.49l
	6.18h
	5.33g

	ACA-26
	13.34def
	13.36defgh
	13.35defg
	8.19ef
	8.68d
	8.44d

	ACA-27
	13.38def
	13.89bcde
	13.63de
	6.59hi
	6.63gh
	6.61f

	ACA-28
	14.76ab
	15.32a
	15.04a
	6.67h
	7.10fg
	6.88ef

	ACA-29
	13.02efghi
	13.42defg
	13.22defg
	8.74de
	8.54d
	8.64d

	ACA-30
	13.65cdef
	13.84bcde
	13.74cde
	6.57hi
	6.85fgh
	6.71f

	Balanagar (check)
	13.46cdef
	13.60cdef
	13.53def
	9.58c
	9.60c
	9.59c

	S.E (m) ±
	0.36
	0.38
	0.25
	0.24
	0.29
	0.19

	C.D @ 5%
	0.57
	1.01
	0.71
	0.37
	0.33
	0.52

	C.V (%)
	3.07
	5.39
	5.41
	3.45
	3.13
	6.92



















Note: Custard apple genotypes were coded as Ambagarh Custard Apple (ACA) and ACA-1 for Ambagarh custard apple-1, ACA-2 for Ambagarh Custard Apple-2 and so on. The superscript letter indicate that the treatment means with the same letter at par at 5 % level of significance, while the means with different letter are significantly different at 5% level of significance. These letters have been affixed based on CD- value comparison of treatment means. 





Fig: 5 Variability in reducing sugar (%) among custard apple genotypes during 2024–25, 2025–26 and pooled analysis.


Fig: 6 Variability in non-reducing sugar (%) among custard apple genotypes during 2024–25, 2025–26 and pooled analysis.


Table: 4 Variability in TSS: acid ratio and sugar: acid ratio of custard apple genotypes.
	[bookmark: _Hlk221141922]Custard apple genotypes
	TSS: acid ratio
	Sugar: acid ratio

	
	2024-25
	2025-26
	Pooled
	2024-25
	2025-26
	Pooled

	ACA-1
	96.15ef
	93.87f
	95.01e
	94.09de
	91.09ef
	92.59e

	ACA-2
	102.86c
	94.32ef
	98.59d
	101.62c
	93.74cd
	97.68c

	ACA-3
	107.70b
	103.32b
	105.51b
	104.90b
	102.45b
	103.68b

	ACA-4
	70.07rs
	74.29k
	72.18qr
	67.93no
	71.72n
	69.83pq

	ACA-5
	81.82kl
	80.16i
	80.99jk
	81.69hi
	78.11kl
	79.90ijk

	ACA-6
	78.98mno
	85.35h
	82.16j
	78.38j
	84.96i
	81.67hi

	ACA-7
	74.39q
	68.39no
	71.39r
	73.33kl
	66.03qr
	69.68pq

	ACA-8
	97.39de
	100.79c
	99.09cd
	95.17de
	101.41b
	98.29c

	ACA-9
	99.19d
	96.59d
	97.89d
	96.00d
	94.05c
	95.02d

	ACA-10
	55.88v
	53.09q
	54.49u
	56.97p
	49.56t
	53.26t

	ACA-11
	65.56t
	69.99mn
	67.78s
	65.82o
	69.07p
	67.45r

	ACA-12
	84.59ij
	83.33h
	83.96i
	81.84hi
	82.58j
	82.21gh

	ACA-13
	82.74jk
	88.55g
	85.64i
	81.96hi
	85.95hi
	83.96g

	ACA-14
	79.20mno
	83.36h
	81.28jk
	79.04j
	82.12j
	80.58hij

	ACA-15
	88.96h
	79.00ij
	83.98i
	85.92g
	78.69k
	82.31gh

	ACA-16
	68.50s
	66.93o
	67.72s
	69.46mn
	65.07r
	67.27r

	ACA-17
	86.13i
	88.93g
	87.53h
	83.70h
	87.77gh
	85.74f

	ACA-18
	75.48pq
	78.51ij
	77.00mn
	73.50kl
	77.79klm
	75.65m

	ACA-19
	70.86r
	70.43mn
	70.64r
	69.82mn
	67.59pq
	68.70qr

	ACA-20
	80.04lmn
	77.35j
	78.69lm
	79.11j
	75.71m
	77.41l

	ACA-21
	103.37c
	98.14d
	100.75c
	103.48bc
	94.95c
	99.22c

	ACA-22
	78.44no
	77.89j
	78.17m
	78.00j
	78.18kl
	78.09kl

	ACA-23
	75.14q
	71.63lm
	73.38pq
	73.39kl
	69.52op
	71.45op

	ACA-24
	73.87q
	77.74j
	75.80no
	71.50lm
	76.11lm
	73.81n

	ACA-25
	61.55u
	58.96p
	60.26t
	57.10p
	59.87s
	58.49s

	ACA-26
	94.27fg
	92.25f
	93.26fg
	93.61e
	91.83de
	92.72e

	ACA-27
	80.72lm
	79.35ij
	80.03kl
	79.88ij
	78.92k
	79.40jk

	ACA-28
	94.06g
	90.01g
	92.03g
	93.17e
	89.68fg
	91.43e

	ACA-29
	92.49g
	96.23de
	94.36ef
	90.67f
	95.48c
	93.07e

	ACA-30
	77.22op
	72.83kl
	75.02op
	74.85k
	71.31no
	73.08no

	Balanagar (check)
	118.65a
	113.92a
	116.28a
	115.20a
	110.48a
	112.84a

	S.E (m) ±
	1.85
	2.10
	1.40
	2.27
	1.98
	1.51

	C.D @ 5%
	5.20
	5.89
	3.90
	6.38
	5.56
	4.20

	C.V (%)
	4.44
	4.88
	4.67
	5.55
	4.69
	5.12



Note: Custard apple genotypes were coded as Ambagarh Custard Apple (ACA) and ACA-1 for Ambagarh custard apple-1, ACA-2 for Ambagarh Custard Apple-2 and so on. The superscript letter indicate that the treatment means with the same letter at par at 5 % level of significance, while the means with different letter are significantly different at 5% level of significance. These letters have been affixed based on CD- value comparison of treatment means. 






Fig: 7 Variability in TSS: acid ratio among custard apple genotypes during 2024–25, 2025–26 and pooled analysis



Fig: 8 Variability in sugar: acid ratio among custard apple genotypes during 2024–25, 2025–26 and pooled analysis.

Table: 5 Variability in pH of custard apple genotypes.

	Custard apple genotypes
	pH

	
	2024-25
	2025-26
	Pooled

	ACA-1
	4.16a
	4.18a
	4.17cdef

	ACA-2
	4.18a
	4.17a
	4.17cdef

	ACA-3
	4.03a
	4.10a
	4.06ef

	ACA-4
	4.36a
	4.40a
	4.38bcdef

	ACA-5
	4.13a
	4.26a
	4.19cdef

	ACA-6
	4.21a
	4.21a
	4.21cdef

	ACA-7
	4.53a
	4.56a
	4.55bcde

	ACA-8
	4.27a
	4.25a
	4.26bcdef

	ACA-9
	4.34a
	4.47a
	4.40bcdef

	ACA-10
	4.18a
	4.27a
	4.22cdef

	ACA-11
	4.48a
	4.45a
	4.47bcdef

	ACA-12
	4.22a
	4.18a
	4.20cdef

	ACA-13
	4.13a
	4.15a
	4.14def

	ACA-14
	4.11a
	4.07a
	4.09ef

	ACA-15
	4.43a
	4.39a
	4.41bcdef

	ACA-16
	4.70a
	4.80a
	4.75ab

	ACA-17
	4.36a
	4.48a
	4.42bcdef

	ACA-18
	4.26a
	4.32a
	4.29bcdef

	ACA-19
	4.68a
	4.65a
	4.67bc

	ACA-20
	4.26a
	4.30a
	4.28bcdef

	ACA-21
	4.48a
	4.52a
	4.50bcdef

	ACA-22
	4.63a
	4.63a
	4.63bcd

	ACA-23
	4.75a
	4.74a
	4.74ab

	ACA-24
	4.17a
	4.16a
	4.16cdef

	ACA-25
	3.95a
	4.07a
	4.01f

	ACA-26
	4.02a
	4.13a
	4.08ef

	ACA-27
	4.48a
	4.50a
	4.49bcdef

	ACA-28
	4.08a
	4.14a
	4.11def

	ACA-29
	4.32a
	4.18a
	4.25bcdef

	ACA-30
	4.01a
	4.08a
	4.04ef

	Balanagar (check)
	5.09a
	5.16a
	5.13a

	S.E (m) ±
	2.27
	1.98
	0.09

	C.D @ 5%
	0.19
	0.18
	0.12

	C.V (%)
	3.05
	2.97
	3.86




















Note: Custard apple genotypes were coded as Ambagarh Custard Apple (ACA) and ACA-1 for Ambagarh custard apple-1, ACA-2 for Ambagarh Custard Apple-2 and so on. The superscript letter indicate that the treatment means with the same letter at par at 5 % level of significance, while the means with different letter are significantly different at 5% level of significance. These letters have been affixed based on CD- value comparison of treatment means. 




Fig: 9 Variability in fruit pH among custard apple genotypes during 2024–25, 2025–26 and pooled analysis.

4. CONCLUSION
The present investigation revealed considerable variability in biochemical characteristics among the custard apple genotypes during both years and in the pooled analysis, indicating the availability of diverse genetic resources for fruit quality improvement. Among the evaluated genotypes, Balanagar exhibited superior performance for total soluble solids, total sugar content, TSS:acid ratio, sugar:acid ratio and fruit pH, along with the lowest titratable acidity. ACA-7 recorded the maximum ascorbic acid content, while ACA-6 showed the maximum reducing sugar and ACA-15 exhibited the maximum non-reducing sugar content. These findings highlight the potential of different genotypes for biochemical traits. The identified superior genotypes may serve as valuable genetic material for further evaluation, selection and breeding programmes aimed at improving the biochemical composition, nutritional quality and overall fruit quality of custard apple.

5. LIMITATION OF THE STUDY
The study was restricted to custard apple genotypes evaluated in Mohla Manpur Ambagarh Chowki district of Chhattisgarh during 2024–25 and 2025–26. Further multi-location trials are required to validate the findings under diverse agro-climatic conditions.
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Total sugar (%)

Total sugar (%) 2024	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	20.7	21.34	22.03	20.38	21.24	18.809999999999999	19.8	21.89	20.16	18.23	18.43	20.46	18.850000000000001	21.34	22.34	19.45	22.6	22.05	19.55	21.36	21.73	21.06	22.75	20.02	16.559999999999999	21.53	19.97	21.43	21.76	20.21	23.04	Total sugar (%) 2025	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	20.95	21.56	22.54	20.8	21.09	19.54	19.809999999999999	22.31	20.69	16.850000000000001	18.649999999999999	21.47	18.91	21.35	22.82	18.87	22.82	22.56	19.600000000000001	21.2	20.89	21.89	22.94	20.55	18.559999999999999	22.04	20.52	22.42	21.96	20.68	23.2	Total sugar (%) pooled	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	20.824999999999999	21.45	22.285	20.59	21.164999999999999	19.174999999999997	19.805	22.1	20.425000000000001	17.54	18.54	20.965	18.880000000000003	21.344999999999999	22.58	19.16	22.71	22.305	19.575000000000003	21.28	21.310000000000002	21.475000000000001	22.844999999999999	20.285	17.559999999999999	21.785	20.244999999999997	21.925000000000001	21.86	20.445	23.119999999999997	



Reducing sugar (%)

Reducing sugar (%)  2024	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	12.23475	13.014749999999999	11.8735	12.02675	13.615250000000001	15.3065	15.22475	13.542249999999999	11.646750000000001	12.321249999999999	13.252500000000001	14.685499999999999	13.70675	13.076499999999999	11.33975	14.40475	12.947500000000002	14.090999999999999	15.1195	11.779249999999999	12.354249999999999	11.018750000000001	12.253	12.655999999999999	12.073	13.337249999999999	13.3805	14.76075	13.01925	13.6455	13.46475	 Reducing sugar (%) 2025	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	12.3985	13.1165	12.326750000000001	12.309250000000002	13.947749999999999	15.173500000000001	15.19275	13.82625	12.0085	12.4025	13.317499999999999	14.811500000000001	13.775250000000002	13.23725	11.5105	14.57075	13.07925	13.99225	15.295250000000001	11.674999999999999	12.757250000000001	11.166	12.388750000000002	12.905750000000001	12.384	13.357250000000001	13.888	15.32075	13.41675	13.835000000000001	13.599499999999999	Reducing sugar (%) pooled 	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	12.316625	13.065625000000001	12.100125	12.168000000000001	13.781500000000001	15.24	15.20875	13.684249999999999	11.827625000000001	12.361875	13.285	14.7485	13.741	13.156874999999999	11.425125000000001	14.48775	13.013375	14.041625	15.207375000000001	11.727124999999999	12.55575	11.092375000000001	12.320875000000001	12.780875	12.2285	13.347249999999999	13.63425	15.040749999999999	13.218	13.74025	13.532125000000001	



Non-reducing sugar (%)

Non -reducing sugar (%)  2024	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	8.4649999999999999	8.3249999999999993	10.157	8.3529999999999998	7.625	3.5029999999999997	4.5750000000000002	8.3480000000000008	8.5129999999999999	5.9089999999999998	5.1770000000000005	5.7750000000000004	5.1430000000000007	8.2639999999999993	11	5.0449999999999999	9.6519999999999992	7.9589999999999996	4.4309999999999992	9.5809999999999995	9.3759999999999994	10.040999999999999	10.497	7.363999999999999	4.4870000000000001	8.1929999999999996	6.5900000000000007	6.6690000000000005	8.7409999999999997	6.5649999999999995	9.5749999999999993	Non -reducing sugar (%)  2025	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	8.5510000000000002	8.4429999999999996	10.212999999999999	8.4909999999999997	7.1420000000000003	4.367	4.617	8.484	8.6820000000000004	4.4480000000000004	5.3330000000000002	6.6580000000000004	5.1349999999999998	8.1129999999999995	11.308999999999999	4.2990000000000004	9.7409999999999997	8.5679999999999996	4.3049999999999997	9.5250000000000004	8.1329999999999991	10.724	10.551	7.6440000000000001	6.1760000000000002	8.6829999999999998	6.6319999999999997	7.0990000000000002	8.5429999999999993	6.8449999999999998	9.6010000000000009	Non -reducing sugar (%) pooled	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	8.5079999999999991	8.3840000000000003	10.184999999999999	8.4220000000000006	7.3834999999999997	3.9349999999999996	4.5960000000000001	8.4160000000000004	8.5975000000000001	5.1784999999999997	5.2550000000000008	6.2164999999999999	5.1390000000000002	8.1884999999999994	11.154499999999999	4.6720000000000006	9.6965000000000003	8.2635000000000005	4.3679999999999994	9.5530000000000008	8.7545000000000002	10.3825	10.524000000000001	7.5039999999999996	5.3315000000000001	8.4379999999999988	6.6110000000000007	6.8840000000000003	8.6419999999999995	6.7050000000000001	9.588000000000001	



TSS:acid ratio 

TSS:acid ratio (2024)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	96.149999999999991	102.85714285714286	107.70476190476188	70.066666666666663	81.819230769230757	78.979166666666657	74.388888888888886	97.391304347826065	99.19047619047619	55.884374999999999	65.564285714285717	84.591999999999999	82.739130434782609	79.196296296296268	88.961538461538453	68.499999999999986	86.129629629629619	75.483333333333334	70.857142857142847	80.037037037037024	103.37142857142857	78.444444444444443	75.138709677419357	73.867857142857133	61.551724137931046	94.27391304347826	80.72	94.056521739130417	92.491666666666674	77.222222222222229	118.64999999999999	TSS:acid ratio (2025)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	93.869565217391298	94.317391304347836	103.31818181818184	74.293103448275872	80.159259259259258	85.347826086956516	68.393333333333345	100.78636363636362	96.590909090909093	53.088235294117645	69.992592592592572	83.326923076923066	88.545454545454533	83.35769230769229	79	66.931034482758619	88.93461538461537	78.510344827586209	70.431034482758633	77.349999999999994	98.13636363636364	77.892857142857125	71.630303030303025	77.740740740740733	58.961290322580645	92.25	79.34615384615384	90.012	96.230434782608683	72.827586206896555	113.9190476190476	TSS:acid ratio (pooled)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	95.009782608695645	98.587267080745349	105.51147186147186	72.179885057471267	80.989245014245	82.163496376811594	71.391111111111115	99.088833992094834	97.890692640692635	54.486305147058822	67.778439153439137	83.959461538461539	85.642292490118564	81.276994301994279	83.980769230769226	67.715517241379303	87.532122507122494	76.996839080459779	70.644088669950747	78.693518518518516	100.7538961038961	78.168650793650784	73.384506353861184	75.804298941798933	60.256507230255849	93.261956521739137	80.033076923076919	92.034260869565202	94.361050724637678	75.024904214559399	116.28452380952379	



Sugar:acid ratio

 Sugar :acid ratio (2024)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	94.090909090909093	101.61904761904762	104.90476190476191	67.933333333333337	81.692307692307679	78.375	73.333333333333329	95.173913043478265	96	56.96875	65.821428571428569	81.84	81.956521739130437	79.037037037037038	85.92307692307692	69.464285714285708	83.703703703703709	73.5	69.821428571428569	79.1111111111111	103.47619047619048	77.999999999999986	73.387096774193552	71.499999999999986	57.103448275862071	93.608695652173907	79.88	93.173913043478251	90.666666666666671	74.851851851851848	115.19999999999999	 Sugar : acid ratio (2025)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	91.086956521739125	93.739130434782595	102.45454545454545	71.724137931034491	78.1111111111111	84.956521739130423	66.033333333333331	101.40909090909091	94.045454545454547	49.558823529411768	69.074074074074062	82.576923076923066	85.954545454545453	82.115384615384613	78.689655172413794	65.068965517241381	87.769230769230774	77.793103448275858	67.58620689655173	75.714285714285708	94.954545454545453	78.178571428571416	69.515151515151516	76.111111111111114	59.87096774193548	91.833333333333329	78.92307692307692	89.68	95.478260869565219	71.310344827586206	110.47619047619048	 Sugar : acid ratio (pooled)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	92.588932806324109	97.679089026915108	103.67965367965368	69.828735632183907	79.901709401709383	81.665760869565219	69.683333333333337	98.291501976284593	95.02272727272728	53.263786764705884	67.447751322751316	82.208461538461535	83.955533596837938	80.576210826210826	82.306366047745357	67.266625615763544	85.736467236467234	75.646551724137936	68.703817733990149	77.412698412698404	99.21536796536796	78.089285714285694	71.451124144672534	73.805555555555543	58.487208008898776	92.721014492753625	79.401538461538451	91.426956521739129	93.072463768115938	73.081098339719034	112.83809523809524	



pH

pH (2024)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	4.1580000000000004	4.1779999999999999	4.0250000000000004	4.3550000000000004	4.13	4.2130000000000001	4.5279999999999996	4.2679999999999998	4.343	4.1749999999999998	4.4800000000000004	4.2149999999999999	4.133	4.1130000000000004	4.4279999999999999	4.6950000000000003	4.3579999999999988	4.258	4.68	4.254999999999999	4.4829999999999997	4.6329999999999991	4.7450000000000001	4.1680000000000001	3.95	4.0229999999999997	4.4800000000000004	4.08	4.3150000000000004	4.0049999999999999	5.093	pH (2025)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	4.1779999999999999	4.1679999999999993	4.0979999999999999	4.3979999999999997	4.258	4.2050000000000001	4.5629999999999997	4.2449999999999992	4.4649999999999999	4.2649999999999997	4.4499999999999993	4.1829999999999998	4.1449999999999996	4.07	4.3849999999999998	4.8029999999999999	4.4800000000000004	4.3149999999999995	4.6500000000000004	4.3	4.5199999999999996	4.6280000000000001	4.74	4.1580000000000004	4.07	4.13	4.5	4.1399999999999997	4.1749999999999989	4.0750000000000002	5.1580000000000004	pH (pooled)	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	4.1680000000000001	4.173	4.0615000000000006	4.3765000000000001	4.194	4.2089999999999996	4.5454999999999997	4.2564999999999991	4.4039999999999999	4.2199999999999989	4.4649999999999999	4.1989999999999998	4.1389999999999993	4.0914999999999999	4.4064999999999994	4.7490000000000006	4.4190000000000005	4.2865000000000002	4.665	4.2774999999999999	4.5015000000000001	4.6304999999999996	4.7424999999999997	4.1630000000000003	4.01	4.0764999999999993	4.49	4.1099999999999994	4.2450000000000001	4.0399999999999991	5.1255000000000006	



Total soluble solids (ᵒ Brix) 

Total soluble solids (ᵒ Brix) 2024	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	21.152999999999999	21.6	22.617999999999995	21.019999999999996	21.272999999999996	18.954999999999998	20.085000000000001	22.399999999999995	20.83	17.882999999999999	18.358000000000001	21.148	19.03	21.382999999999996	23.13	19.18	23.254999999999999	22.645	19.84	21.61	21.707999999999998	21.18	23.292999999999999	20.683	17.850000000000001	21.683	20.18	21.632999999999996	22.198	20.85	23.73	Total soluble solids (ᵒ Brix) 2025	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	21.59	21.693000000000005	22.730000000000004	21.545000000000002	21.643000000000001	19.63	20.518000000000001	22.172999999999995	21.25	18.05	18.897999999999996	21.664999999999999	19.479999999999997	21.672999999999995	22.909999999999997	19.41	23.122999999999998	22.768000000000001	20.425000000000001	21.658000000000001	21.59	21.81	23.638000000000002	20.99	18.277999999999999	22.14	20.63	22.503	22.132999999999999	21.12	23.922999999999995	Total soluble solids (ᵒ Brix) pooled	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	21.371499999999997	21.646500000000003	22.673999999999999	21.282499999999999	21.457999999999998	19.292499999999997	20.301500000000001	22.286499999999997	21.04	17.9665	18.628	21.406500000000001	19.254999999999999	21.527999999999995	23.019999999999996	19.295000000000002	23.189	22.706499999999998	20.1325	21.634	21.649000000000001	21.494999999999997	23.465499999999999	20.836500000000001	18.064	21.9115	20.405000000000001	22.067999999999998	22.165500000000002	20.984999999999999	23.826499999999996	



Titratable acidity (%)

Titratable acidity (%) 2024	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	0.22	0.21	0.21	0.3	0.26	0.24	0.27	0.23	0.21	0.32	0.28000000000000003	0.25	0.23	0.27	0.26	0.28000000000000003	0.27	0.3	0.28000000000000003	0.27	0.21	0.27	0.31	0.28000000000000003	0.28999999999999998	0.23	0.25	0.23	0.24	0.27	0.2	Titratable acidity (%) 2025	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	0.23	0.23	0.22	0.28999999999999998	0.27	0.23	0.3	0.22	0.22	0.34	0.27	0.26	0.22	0.26	0.28999999999999998	0.28999999999999998	0.26	0.28999999999999998	0.28999999999999998	0.28000000000000003	0.22	0.28000000000000003	0.33	0.27	0.31	0.24	0.26	0.25	0.23	0.28999999999999998	0.21	Titratable acidity (%) pooled	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	0.22500000000000001	0.22	0.215	0.29499999999999998	0.26500000000000001	0.23499999999999999	0.28500000000000003	0.22500000000000001	0.215	0.33	0.27500000000000002	0.255	0.22500000000000001	0.26500000000000001	0.27500000000000002	0.28500000000000003	0.26500000000000001	0.29499999999999998	0.28500000000000003	0.27500000000000002	0.215	0.27500000000000002	0.32	0.27500000000000002	0.3	0.23499999999999999	0.255	0.24	0.23499999999999999	0.28000000000000003	0.20500000000000002	



Ascorbic acid (mg/100g)

Ascorbic acid (mg/100g) 2024	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	12.193	13.073	12.108000000000001	12.145	13.565	14.868	14.98	13.5	11.685	12.46	13.169999999999998	14.358000000000001	13.858000000000001	12.88	11.404999999999998	14.404999999999999	13.048	14.163	14.955	11.667999999999999	12.504999999999999	10.984999999999999	12.238	12.747999999999999	12.079999999999998	13.163	13.818	14.693	13.323	13.323	13.555	Ascorbic acid (mg/100g) 2025	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	12.882999999999999	13.113	12.189999999999998	12.324999999999999	13.574999999999999	15.343	15.48	13.803000000000001	11.8	12.573	13.428000000000001	14.91	13.935	13.278	11.598000000000001	14.798	13.132999999999999	14.25	14.849999999999998	11.882999999999999	12.594999999999999	11.095000000000002	12.085000000000001	13.129999999999999	12.115	13.452999999999999	13.613	14.924999999999999	13.51	13.643000000000001	13.567999999999998	Ascorbic acid (mg/100g) pooled	ACA-1	ACA-2	ACA-3	ACA-4	ACA-5	ACA-6	ACA-7	ACA-8	ACA-9	ACA-10	ACA-11	ACA-12	ACA-13	ACA-14	ACA-15	ACA-16	ACA-17	ACA-18	ACA-19	ACA-20	ACA-21	ACA-22	ACA-23	ACA-24	ACA-25	ACA-26	ACA-27	ACA-28	ACA-29	ACA-30	Balanagar	12.538	13.093	12.148999999999999	12.234999999999999	13.569999999999999	15.105499999999999	15.23	13.651499999999999	11.7425	12.516500000000001	13.298999999999999	14.634	13.8965	13.079000000000001	11.5015	14.6015	13.090499999999999	14.2065	14.9025	11.775499999999999	12.55	11.04	12.1615	12.938999999999998	12.0975	13.308	13.715499999999999	14.808999999999999	13.416499999999999	13.483000000000001	13.561499999999999	






