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ABSTRACT

	The study evaluates the effect of various pre-treatments and dehydration techniques on two ber varieties—Gola and Thar Apple to improve drying efficiency, nutritional quality, and economic value. Nine treatments (T1–T9), including traditional sun drying, blanching, KMS (Potassium Metabisulfite) treatment, microwave blanching, and osmo-dehydration, were tested under sun, solar, and oven drying systems. Significant differences were observed among treatments for moisture content, drying rate, rehydration ratio, total soluble solids (TSS), sugars, and organoleptic quality. T5 (NaOH + citric acid with oven drying) and T8 (microwave blanching) emerged as most effective in retaining product quality. Economically, T1 (control) yielded the highest net return (₹109/kg) and benefit-cost ratio (2.20). Gola showed slightly better adaptability to treatments. This study suggests tailored pretreatment-drying combinations can enhance ber products' marketability and nutritional profile.
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1. INTRODUCTION

Ber (Ziziphus mauritiana Lamk.) is a drought-hardy fruit tree species of significant economic and nutritional value in India, especially suited for cultivation in arid and semi-arid agro-climatic zones. It is extensively grown across several Indian states including Rajasthan, Punjab, Haryana, Uttar Pradesh, Maharashtra, and Gujarat, where soil fertility is often poor and irrigation resources are limited. Its adaptability to adverse environmental conditions, combined with low input requirements and high productivity, makes ber an ideal fruit crop for farmers in marginal and resource-poor regions (Das et al., 2025; Naz et al., 2023). According to the Agricultural and Processed Food Products Export Development Authority (APEDA), the total area under ber cultivation in India during 2021–22 was around 81,000 hectares, with a total production estimated at approximately 860,000 tonnes. States such as Madhya Pradesh, Gujarat, and Chhattisgarh contributed the largest shares of this national output (Apeda, 2025). Despite its resilience and cultivation potential, ber is often classified as an underutilized or “minor” fruit, particularly in terms of post-harvest processing and market value addition.

Nutritionally, ber holds substantial promise as a health-supportive fruit. It is rich in essential nutrients including ascorbic acid (65.8–76.0 mg/100g), phosphorus (26.8 mg/100g), and iron (0.76–1.8 mg/100g), and contains moderate amounts of protein (0.8 g/100g) (Bal & Mann, 1978). These attributes, combined with its therapeutic applications in Ayurvedic and Yunani medicinal systems, have led to its popular moniker—the “poor man’s apple”. Yet, its market presence is hindered by major limitations, primarily its extremely short post-harvest shelf-life of just 2 to 4 days. This limited storage capacity, coupled with weak infrastructure for cold storage and handling, leads to post-harvest losses estimated at up to 30%. To combat these challenges, value addition through dehydration offers a promising post-harvest strategy. Dehydration not only extends the shelf life of fresh produce but also facilitates easier packaging, reduces microbial spoilage, and minimizes bulk for transportation and storage (Hiwale, 2015). Fruits, which typically contain more than 80% water, are highly perishable, making drying a particularly effective method to improve their commercial usability (Orsat et al., 2006). In India, where cold-chain logistics remain underdeveloped, dehydration presents a sustainable and economically viable alternative to conventional preservation techniques.

Despite its nutritional richness and suitability for processing into dried forms such as fruit bars, candies, or snacks, ber remains largely neglected in industrial processing. Data indicate that less than 2% of India’s total fruit production undergoes processing, and among these, ber is significantly underrepresented (Dalal et al., 2019). Traditional sun-drying methods are still widely practiced, especially in rural communities, but these techniques lack standardization and are often unhygienic and inefficient. Moreover, they result in suboptimal product quality in terms of appearance, nutritional retention, and consumer appeal (Dalal et al., 2019). Modern dehydration techniques, when integrated with effective pretreatment strategies, can significantly enhance the quality and value of dehydrated ber products (Sablani, 2006). Pretreatments such as blanching (water or chemical), osmotic dehydration, microwave exposure, and freezing are known to influence drying kinetics, reduce nutrient degradation, and improve rehydration properties and sensory characteristics (Yadav & Singh, 2014). Yet, a standardized approach tailored to ber fruits, particularly cultivar-specific responses to these treatments, remains underdeveloped.

Ber is a seasonal crop, with limited harvesting periods, which further necessitates reliable preservation to extend its availability and economic viability throughout the year. Dehydration enables not only the year-round marketing of ber products but also helps in creating income opportunities through small- and medium-scale processing units in rural areas (Dalal et al., 2019). Furthermore, selecting the most effective pretreatment method is critical for balancing drying efficiency, nutrient preservation, and consumer acceptability factors essential for successful commercialization. This study evaluates the comparative effects of nine pre-treatment and dehydration combinations on two distinct ber varieties Gola and Thar Apple. The objective is to identify techniques that enhance physico-chemical attributes, organoleptic appeal, and economic feasibility. By standardizing drying protocols specific to cultivar response, the study improves the processing and commercialization of ber as a nutritious, value-added product.

2. MATERIALS AND METHODS

2.1 Experimental Site and Material

The study was conducted in 2025 at the Post-Harvest and Value Addition Laboratory, Department of Agriculture (Horticulture), Mewar University, Gangrar, Chittorgarh, Rajasthan, from January to June 2025. Ber varieties used include Gola, an indigenous variety, and Thar Apple, developed by ICAR-CIAH, Bikaner

2.2 Experimental Design

A Completely Randomized Design (CRD) was employed to evaluate the effects of different pre-treatment and dehydration methods on ber fruit. The experiment included nine treatments replicated three times.

2.3 Pre-treatment and Dehydration Combinations

The study involved nine treatments for Ber processing: T1 – no blanching with sun drying (control); T2 – blanching in boiling water followed by sun drying; T3 – treatment with 0.5% KMS and solar drying; T4 – 0.5% KMS combined with freezing and oven drying; T5 – a mix of 0.5% NaOH and 0.5% citric acid with oven drying; T6 – boiling with boric acid followed by sun drying; T7 – 0.5% KMS with a 40°B sugar solution; T8 – microwave blanching (150W for 3×1 min) followed by oven drying; and T9 – osmo-dehydration using a 50°B sugar solution with 0.1% MS and 0.2% citric acid.

2.4 Parameters Observed
The parameters observed during the study included moisture content, drying rate, rehydration ratio, TSS (total soluble solids), acidity, total and reducing sugars, ascorbic acid content, bulk density, browning index, and organoleptic score

2.5 Statistical Analysis

All recorded data were statistically analyzed using Analysis of Variance (ANOVA) under the CRD framework as per the method described by Gomez and Gomez, (1984). The treatment means were compared using the critical difference (C.D.) at a 5% level of significance to ascertain the statistical reliability of the observed differences.

3. RESULTS AND DISCUSSION

3.1 Physico-Chemical Profile of Fresh Ber
The physico-chemical analysis of fresh Ber fruits revealed varietal differences between Gola and Thar Apple (Table 1). Thar Apple exhibited higher moisture content (82.01%) compared to Gola (78.06%), and slightly higher total soluble solids (10.5%) and total sugars (6.32%). Both varieties had identical acidity (0.27%), while Thar Apple showed marginally higher ascorbic acid content (114.0 mg/100g) than Gola (112.0 mg/100g). Reducing sugars were nearly similar in both varieties, with Gola at 3.08% and Thar Apple at 3.11%. In terms of appearance, Gola had a light green color, while Thar Apple was yellowish green.
3.2 Moisture Loss and Drying Efficiency
Moisture content plays a pivotal role in determining fruits' drying behavior and shelf stability. The present study observed significant differences in moisture loss across different treatments and varieties (Table 2). The initial moisture content ranged from 82.50% (Gola) to 84.27% (Thar Apple), consistent with earlier findings by Bal and Singh (2011), who reported high initial water content in fresh ber, making it highly perishable.
Among the treatments, T5 (NaOH + citric acid with oven drying) demonstrated the most rapid and effective moisture reduction, achieving final moisture levels of 0.97% (Gola) and 1.67% (Thar Apple) by day 15. These findings corroborate those of Kumar et al. (2020), who found that alkali pre-treatment accelerates cellular breakdown and facilitates faster water diffusion during drying. Conversely, treatments like T3 (KMS + solar drying) and T6 (boiling + boric acid) retained higher moisture, indicating relatively inefficient dehydration.
Overall, Gola exhibited a slightly faster drying rate than Thar Apple, potentially due to its lower initial moisture and firmer texture, aligning with the varietal differences highlighted by Pareek et al. (2007) in ber cultivars under thermal stress.
3.3 Physical Attributes
Physical parameters such as bulk density, browning index, and dehydration/rehydration ratios are critical for processing quality and consumer acceptability. As shown in Table 3, T5 showed the highest bulk density (0.65 kg/L for Gola and 0.74 kg/L for Thar Apple), facilitating better packaging and transportation efficiency (Singh et al., 2017).
Browning index, measured at 440 nm, was lowest in T4 and T7, indicating minimal enzymatic and non-enzymatic browning due to effective pre-treatments like KMS and freezing (Kumar et al., 2020). In contrast, T1 (control) exhibited the highest browning values due to the absence of any pre-treatment, confirming earlier findings by Akbarian et al. (2014) that heat-sensitive fruits require blanching or chemical dips to retain color.
Rehydration ratio, an indicator of structural preservation, was highest in T3, T4, T7, and T9—suggesting these pre-treatments preserved cellular integrity and porosity (Bal and Singh, 2011). T5, although excellent in drying efficiency, had relatively lower rehydration capacity, likely due to more intense cellular breakdown.
Sensory Evaluation
Organoleptic scores, rated on a 9-point hedonic scale, ranged significantly among treatments (Table 3). T7 (KMS + sugar solution) and T9 (osmo-dehydration) received the highest scores (7.34–8.24), demonstrating superior color, taste, and texture retention. These results align with Mousa et al., (2024), who emphasized that osmo-dehydration enhances sensory appeal by reducing enzymatic degradation and concentrating natural sugars.
Microwave blanching (T8) and freezing + oven drying (T4) also maintained good organoleptic quality due to controlled thermal exposure and minimal oxidation. These findings align with Oyenihi et al. (2016), who emphasized the role of pretreatments in enhancing the sensory quality of dried fruits.
Biochemical Composition
The biochemical profile of dried ber, including total soluble solids (TSS), acidity, ascorbic acid, and sugar content, varied significantly across treatments (Table 4). T8 (microwave blanching) showed the highest TSS values—66.63% in Gola and 67.80% in Thar Apple—indicating better flavor concentration, consistent with the findings of Singh et al. (2017).
T5 (NaOH + citric acid) and T9 (osmo-dehydration) retained the highest ascorbic acid content—123.55 mg/100g and 121.33 mg/100g in Gola, respectively. These results validate the vitamin C-preserving potential of acidulated and osmo-osmotic treatments, as discussed by Verma et al. (2014). In contrast, T2 (hot water blanching) and T1 (control) had the highest vitamin C degradation due to prolonged exposure to heat and air, leading to oxidative losses.
Total sugar content was maximized in T8 and T9 treatments (45.57% and 40.60%, respectively), likely due to pre-concentration effects during microwave exposure and sugar infusion during osmosis. These elevated sugar levels also explain the higher organoleptic scores in these treatments.
Economic Feasibility
Although T5, T8, and T9 offered superior quality, the economic analysis revealed T1 (control) as the most cost-effective with a benefit-cost ratio of 2.20 and a net return of ₹109/kg. This supports the findings of Ranganna (1986), who suggested that traditional sun drying, despite quality compromises, remains viable for small-scale and resource-limited farmers. Nonetheless, for premium markets and health-conscious consumers, value-added treatments like T8 and T9 could be justified by the higher product appeal and nutritional value.

[bookmark: _Hlk203997435]Table 1. Physico-chemical Characteristics of Fresh Ber Fruit (Per 100g Pulp)

	Parameter
	Gola
	Thar Apple

	Colour
	Light green
	Yellowish green

	Moisture (%)
	78.06 ± 1.15
	82.01 ± 1.01

	Total Soluble Solids (%)
	10.2 ± 0.14
	10.5 ± 0.10

	Acidity (%)
	0.27 ± 0.02
	0.27 ± 0.02

	Ascorbic Acid (mg/100g)
	112.0 ± 3
	114.0 ± 4

	Total Sugars (%)
	5.93 ± 0.15
	6.32 ± 0.12

	Reducing Sugars (%)
	3.08 ± 0.05
	3.11 ± 0.05



Table 2. Effect of pre- treatments on moisture content during drying (Gola variety and Thar apple variety)

	Treatments
	Dehydration time (Days)

	
	0 Days
	3 Days
	6 Days
	9 Days
	12 Days
	15 Days

	
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple

	T1
	82.50
	83.20
	72.63
	73.33
	60.47
	61.17
	38.43
	39.13
	16.63
	17.33
	7.10
	7.80

	T2
	83.57
	84.27
	72.13
	72.83
	53.93
	54.63
	31.17
	31.87
	13.03
	13.73
	6.40
	7.10

	T3
	82.97
	83.67
	72.07
	72.77
	59.33
	60.03
	38.83
	39.53
	17.07
	17.77
	7.70
	8.40

	T4
	83.40
	84.10
	66.40
	67.10
	35.40
	36.10
	7.00
	7.70
	5.00
	5.70
	3.00
	3.70

	T5
	82.87
	83.57
	56.63
	57.33
	15.20
	15.90
	3.87
	4.57
	1.87
	2.57
	0.97
	1.67

	T6
	81.07
	81.77
	71.87
	72.57
	61.63
	62.33
	41.33
	42.03
	18.70
	19.40
	7.20
	7.90

	T7
	81.23
	81.93
	70.67
	71.37
	58.00
	58.70
	38.73
	39.43
	18.27
	18.97
	5.97
	6.67

	T8
	82.90
	83.60
	68.67
	69.37
	48.87
	49.57
	16.43
	17.13
	14.30
	15.00
	6.10
	6.80

	T9
	83.27
	83.97
	62.60
	63.30
	20.37
	21.07
	5.53
	6.23
	3.53
	4.23
	1.53
	2.23

	C.D.
	0.91
	0.83
	7.90
	7.99
	13.03
	13.15
	18.91
	19.02
	11.95
	12.11
	3.11
	2.88

	SE(m)
	0.30
	0.28
	2.64
	2.67
	4.35
	4.39
	6.31
	6.35
	3.99
	4.04
	1.04
	0.96

	CV (%)
	0.63
	0.58
	6.70
	6.71
	16.41
	16.32
	44.47
	43.49
	57.41
	54.97
	35.23
	28.67




Table 3. Physical and Sensory Characteristics of Dehydrated Ber
	Treatments
	Bulk density (kg/L)
	Browning (O.D. at 440nm)
	Dehydration Ratio
	Rehydration Ratio
	Organoleptic Score (9-point basis)

	
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple

	T1
	0.56
	0.65
	0.36
	0.43
	5.20
	6.17
	2.07
	2.74
	5.13
	6.02

	T2
	0.55
	0.65
	0.32
	0.39
	5.00
	5.97
	1.95
	2.62
	5.72
	6.61

	T3
	0.53
	0.63
	0.29
	0.36
	5.09
	6.06
	2.13
	2.80
	6.28
	7.17

	T4
	0.51
	0.61
	0.26
	0.34
	5.07
	6.04
	2.11
	2.78
	7.09
	7.99

	T5
	0.65
	0.74
	0.31
	0.38
	5.43
	6.40
	1.83
	2.50
	5.66
	6.56

	T6
	0.60
	0.69
	0.30
	0.37
	4.93
	5.90
	2.08
	2.75
	5.44
	6.34

	T7
	0.57
	0.66
	0.26
	0.34
	4.76
	5.73
	2.08
	2.75
	7.34
	8.24

	T8
	0.56
	0.65
	0.29
	0.37
	5.21
	6.18
	2.06
	2.73
	6.92
	7.81

	T9
	0.58
	0.67
	0.33
	0.40
	4.98
	5.95
	2.09
	2.76
	7.23
	8.12

	SE(m)±
	0.02
	0.03
	0.00
	0.01
	0.10
	0.13
	0.09
	0.10
	0.11
	0.11

	C.D. (P=0.05)
	NS
	NS
	0.02
	0.02
	0.31
	NS
	NS
	NS
	0.33
	0.33

	CV (%)
	4.70
	4.69
	2.89
	2.70
	2.07
	2.11
	4.76
	3.65
	1.78
	1.58



Table 4. Biochemical Composition of Dried Ber (Dry Weight Basis)
	Treatment
	TSS (%)
	Acidity (%)
	Ascorbic Acid (mg/100g)
	Reducing Sugar (%)
	Total Sugar (%)

	
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple
	Gola
	Thar Apple

	T1
	57.75
	58.92
	1.557
	1.82
	570.23
	575.24
	17.23
	18.07
	35.49
	36.50

	T2
	57.30
	58.47
	1.653
	1.92
	77.37
	80.04
	15.37
	16.21
	34.67
	35.67

	T3
	47.50
	48.67
	1.543
	1.81
	89.44
	92.11
	15.15
	15.99
	33.16
	34.16

	T4
	51.53
	52.70
	1.38
	1.65
	116.67
	119.34
	15.64
	16.48
	33.62
	34.63

	T5
	51.60
	52.77
	1.367
	1.63
	123.55
	126.22
	15.41
	16.24
	33.37
	34.38

	T6
	45.06
	46.23
	1.49
	1.76
	108.11
	110.78
	14.81
	15.65
	30.96
	31.96

	T7
	57.50
	58.67
	1.69
	1.82
	88.077
	90.74
	14.26
	15.09
	34.72
	35.73

	T8
	66.63
	67.80
	1.22
	1.49
	108.56
	111.23
	15.29
	16.12
	45.57
	46.57

	T9
	58.40
	59.57
	1.53
	1.80
	121.33
	124.00
	15.42
	16.26
	40.60
	41.60

	C.D.
	1.80
	1.75
	0.12
	0.14
	31.82
	31.90
	0.95
	0.96
	1.42
	1.43

	SE(m)
	0.60
	0.59
	0.04
	0.05
	10.62
	10.65
	0.31
	0.32
	0.47
	0.48

	CV (%)
	1.11
	1.06
	3.04
	2.86
	10.01
	9.91
	2.04
	2.00
	1.39
	1.37




4. CONCLUSION

This study underscores the significant impact of pre-treatment and drying methods on the quality, nutritional value, and economic return of dehydrated ber (Zizyphus mauritiana) fruits. Microwave blanching (T8) and NaOH + citric acid with oven drying (T5) emerged as the most effective treatments for preserving nutritional quality, enhancing sensory attributes, and improving drying efficiency. Osmo-dehydration (T9) also demonstrated superior organoleptic appeal and vitamin C retention, making it suitable for premium dried fruit markets.  From an economic standpoint, T1 (control, sun drying) remains the most cost-effective for small-scale processors, despite lower quality outcomes. Among the two cultivars, Gola generally showed better adaptability to pre-treatments, resulting in faster drying, higher nutrient retention, and slightly better rehydration properties than Thar Apple. T5, T8, and T9 treatments are recommended for commercial-scale operations targeting high-value health food markets. Further studies on consumer preference, shelf-life analysis, and energy optimization could refine these protocols for broader adoption.
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