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 Effect of Blending Ratio and Storage on Bioactive Compounds and Microbial Quality of Apricot and Ginger Fruit Rolls
ABSTRACT
This study was designed to optimize the formulation of apricot–ginger fruit rolls as a functional snack by systematically evaluating the trade-offs between bioactive enhancement, nutritional retention, and microbial stability across varying blending ratios and storage durations. Seven formulations were prepared by blending apricot (Prunus armeniaca L.) and ginger (Zingiber officinale Roscoe) pulp in ratios ranging from 100:0 to 40:60, followed by cooking to 30–35°Brix, tray drying at 55°C, and storage at ambient conditions for 90 days. Results revealed that increasing ginger proportion significantly enhanced antioxidant activity and total phenolic content, with the highest values observed in the 40:60 blend, attributable to ginger’s rich phenolic profile. In contrast, ascorbic acid and β-carotene contents declined with higher ginger incorporation due to the naturally lower levels of these nutrients in ginger compared with apricot. All bioactive components exhibited a gradual decrease during storage, primarily due to oxidative degradation. Microbial analysis showed no detectable growth up to 60 days, with minimal counts appearing at 90 days across treatments, indicating good product stability under proper hygienic processing. Overall, the study demonstrates that apricot–ginger blending improves the functional properties of fruit rolls, and the 40:60 formulation presents the highest antioxidant potential while maintaining acceptable nutritional and microbial quality over 90 days of storage.
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1. INTRODUCTION
Zingiber officinale Roscoe, commonly known as ginger, is a globally significant spice highly valued for its distinct aroma, pungency, and rich oleoresin content (Zagórska et al., 2023). Its versatility extends across the food industry, where it is employed in the production of functional foods, seafood products, meat preservation, food packaging, and edible coatings (Bitari et al., 2023). According to Bag, (2018), the rhizome of ginger primarily comprises terpenes, lipids, phenolic compounds such as gingerols, and carbohydrates, which constitute approximately 50–70% of the plant's composition. Compounds like paradols and shogaols further contribute to its characteristic flavour and fragrance (Zagórska et al., 2023). Ginger has been revered since antiquity as both a culinary spice and a therapeutic herb used widely in traditional medical systems such as Ayurveda, Traditional Chinese Medicine, and Unani-Tibb to treat diverse ailments (Nour et al., 2017; Memudu et al., 2012). Its bioactive constituents exhibit potent antimicrobial properties, making it effective against bacterial infections (Tan and Vanitha, 2004). In addition to pungent compounds like gingerols and shogaols, aromatic compounds such as zingiberene and bisabolene enhance its sensory quality (Tyler, 1994). Ginger also contains essential amino acids, dietary fibre, ash, proteins, phytosterols, vitamins, and minerals (Shukla and Singh, 2007), contributing to its nutritional and functional value. The rhizome’s adaptability facilitates numerous value-added applications. Fresh ginger is utilized in the production of ginger wine, while dried rhizomes are ground into powder for tea bags, spice mixes, and oleoresin extraction. Furthermore, it serves as a nutritional supplement in the form of pills, capsules, tablets, and medicinal liquors, often combined with honey. Black ginger varieties have been traditionally used to manage conditions such as diabetes, peptic ulcers, gout, diarrhoea, allergies, asthma, and impotence (Toda et al., 2016).
	Apricot (Prunus armeniaca L.) is regarded as one of the most palatable temperate fruits (Bhat et al., 2002). Beyond its appealing colour and flavour, apricot is rich in carbohydrates, primarily glucose, fructose, sucrose, sorbitol, malic acid, and citric acid, while containing minimal protein and fat. It also provides vital minerals such as potassium, sodium, and iron (Hui, 1992). The fruit’s sensory and nutritional attributes are significantly influenced by its phytochemical profile, particularly carotenoids and polyphenols, including phenolic acids and flavonoids (Dragovic-Uzelac et al., 2007). These bioactive compounds confer antioxidant, cardioprotective, anti-aging, anticancer, and antiparasitic activities (Leccese et al., 2011). Wild apricot varieties typically exhibit lower sugar content and higher acidity (Sharma et al., 2013). In traditional Chinese medicine, apricot kernels are used to strengthen the respiratory system and alleviate cough, while the fruit is believed to aid rehydration, purification, and thirst relief (Kan and Bostan, 2010). According to Chauhan et al., (2001), apricots can be eaten fresh, dried, and frozen, or they can be used to make jam, jellies, marmalades, juices, nectars, and extruded goods.
	Fruit leather production offers a practical approach for preserving the flavour and nutritional quality of fruits (Laxman et al., 2017). Fruit leather, also referred to as fruit bars or fruit rolls, is a sheet of dehydrated and pureed fruit prepared by blending fruit pulp with optional ingredients such as fat or milk solids, along with other functional additives, which can then be shaped and sized as desired (FSSAI, 2011). These products are generally consumed as snack foods or desserts and are appreciated for their unique texture and sensory appeal. The characteristic texture of fruit leather is soft, pliable, and slightly rubbery, resulting from the drying of homogenized fruit pulp. Fruit leathers and rolls are prepared by pureeing the edible portion of fruits, incorporating various ingredients to enhance their physicochemical and sensory characteristics, followed by heating, shaping, and dehydrating the mixture on flat trays until a uniform, leather-like texture is achieved. To ensure proper preservation, fruit leathers typically maintain a low moisture content, generally between 15 per cent and 25 per cent. The high sugar concentration and the natural acidity of the fruit play crucial roles in extending the product’s shelf life. Fruit leathers offer a convenient and appealing method for incorporating fruit solids into the human diet, particularly for children and adolescents, due to their attractive appearance, chewy texture, and storage stability without refrigeration. This method also serves as an effective strategy to utilize overripe fruits that might otherwise go to waste. Recent innovations in fruit leather development involve the addition of flavour-enhancing and aromatic ingredients such as thyme seeds, salt, black salt, and mint, which improve the product’s sensory and nutritional quality (Phimpharian et al., 2011). These fruit pulp-based products are not only nutrient-dense but also aesthetically appealing, being rich sources of dietary fibre, vitamins, minerals, and natural antioxidants that contribute to both their health benefits and consumer acceptability.
2.       MATERIALS AND METHODS
2.1	Preparation of Apricot-Ginger rolls
Apricot–ginger fruit rolls were prepared using a standardized processing method comprising sequential unit operations as shown in Figure 1. Initially, seven treatment blends, viz., T1, T2, T3, T4, T5, T6 and T7 were formulated by mixing apricot and ginger pulp in varying ratios (100:0, 90:10, 80:20, 70:30, 60:40, 50:50, and 40:60), respectively, ensuring uniform homogeneity in each blend. To the mixtures, sugar at 50% w/w and citric acid at 1% w/w of total pulp were incorporated and thoroughly mixed to facilitate proper dissolution. The blends were then cooked in stainless steel pans over medium heat with continuous stirring until a semi-solid, glossy, and spreadable consistency was achieved, corresponding to a total soluble solids (TSS) level of approximately 30–35°Brix. The cooked mass was evenly spread on butter-smeared stainless-steel trays to form thin sheets of 0.40–0.50 cm thickness, ensuring a smooth surface without air pockets. The sheets were subsequently dried in a tray dryer at 55°C for 12 hours, with periodic monitoring to maintain uniform drying and prevent case hardening. After drying, the trays were cooled to ambient temperature (25 ± 2°C) to allow proper setting and texture development. The dried sheets were then carefully peeled, cut into uniform rectangular strips, and rolled manually into cylindrical fruit rolls. The finished rolls were packaged in laminated, food-grade pouches and sealed using a heat-sealing machine to prevent moisture reabsorption. Finally, the packaged rolls were stored at ambient conditions (25 ± 2°C) in airtight containers, and their physico-chemical, sensory, microbial, and nutritional attributes were evaluated periodically at 0, 30, 60, and 90 days of storage.
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Figure 1: Flow sheet showing method of preparation of apricot-ginger fruit rolls
2.2	Bioactive compounds and Microbial Analysis of Apricot-Ginger rolls
2.2.1 	Ascorbic acid
Vitamin C content was determined following the method described Ranganna, 2014 by using 2,6-dichlorophenol indophenol as the titration dye. To establish the dye factor, 5 ml of standard ascorbic acid solution was mixed with 5 ml of 3% metaphosphoric acid and titrated against the dye solution until a faint pink colour persisted for approximately 15 seconds. The dye factor was then calculated based on the volume of dye utilized. For the estimation of vitamin C in the sample, 10 ml of the extract was diluted to 100 ml using 3% metaphosphoric acid and filtered through Whatman filter paper. A 10 ml aliquot of the filtrate was titrated with the dye solution until a stable light pink endpoint was observed, which remained for 15 seconds.
2.2.2	Total phenols
Total phenols were determined using Folin Ciocalteu's method (Icier, 2012). 1 gram of sample was placed in a screw-capped vial, and 10ml of distilled water was added. The contents were kept at 100°C for 5 minutes until sufficient extraction was achieved, after which they were cooled and filtered through filter paper. To filter, 0.5 ml of Folin Ciocalteu's reagent was added, thoroughly mixed, and allowed to stand at room temperature for approximately 7 minutes. After this, 1.5 ml of 20% (w/w) sodium carbonate solution was added and kept in the dark for another 2 hours. The absorbance was measured at a wavelength of 756 nm using a UV/VIS spectrophotometer and computed against the previously generated standard curve.
2.2.3	Antioxidant activity
The free radical scavenging activity was calculated using 1, 1-diphenyl-2-picrylhydrazyl (DPPH). Mix 500 µl of 0.5 M DPPH solution, 2 ml of 80% methanol aqueous solution, and 25 µl of sample methanolic extract. Measure absorbance at 517 nm using a blank of 80% methanol and tris buffer at 20°C. The reaction mixture was held in the dark for approximately 30 minutes. The free radical scavenging activity was determined by comparing the absorbance of the prepared sample solution to a control solution containing distilled water instead of the sample (Luo et al., 2009).
2.2.4	β-Carotene
After saponification with acetone, carotenoids present in the unsaponifiable fraction of lipids are extracted into solvent layer and measured spectrophotometrically. Take 5g of fresh sample and crush in 10-15 ml acetone, adding few crystals of anhydrous sodium sulphate, with the help of pestle and mortar. Decant the supernatant   in   to   beaker. Repeat   the   process   twice   and   transfer   the   combined supernatant to separating funnel, add 10-15 ml petroleum ether and mix thoroughly. Two layers will separate out on standing.  Discard the lower layer and collect upper layer in a 100 ml volumetric flask. Repeat the procedure until sample became colourless and note down the extract volume present in 100 ml volumetric flask. Record the optical density at 450nm using petroleum ether as blank. (Ranganna, 1997).
2.3 Microbial analysis
The microbial count (total plate count) was estimated by using standard method of FSSAI (2011). Serial dilution technique and pour plate methods were used (all operations were performed in laminar air flow chamber using sterilized glassware). 1 ml of each sample was aseptically transferred to 9 ml of sterile water in a separate tube and mixed vigorously. 1ml of resulting mixture was again transferred to 9 ml of sterile water in a separate tube. The process was continued till the 3rd (103) dilution. 1 ml of appropriate dilution was transferred to sterilized petri plates and sterilized media (nutrient agar media was used for total plate count whereas, potato dextrose agar media was used for yeast and mold count) was poured on the petri plates, sample was spread over the molten media and media was allowed to solidify. After solidification, petri plates were incubated at 35°C for about 24 hours in inverted position. The colonies were counted after incubation period by colony counter.
3.	RESULTS AND DISCUSSIONS
3.1	Effect of blending apricot and ginger on bioactive compounds of rolls
3.1.1	Ascorbic Acid
Ascorbic acid, an essential and thermolabile nutrient abundant in fruit-based products, functions as a potent natural antioxidant. In the present study, a gradual decline in ascorbic acid content was observed with increasing proportions of ginger in apricot–ginger fruit rolls. The maximum concentration (8.16 mg/100 g) was recorded in treatment T1 (100:0 apricot:ginger), whereas the minimum (6.78 mg/100 g) was found in T7 (40:60 apricot:ginger) (Figure 2). This decrease can be attributed to the inherently lower ascorbic acid content of ginger compared to apricot. Apricots are recognized for their richness in vitamin C, whereas ginger primarily contributes phenolic bioactive such as gingerols and shogaols but contains comparatively lower amounts of vitamin C (Ali et al., 2021). Similar declining patterns have been reported by Yadav et al., (2013) in guava–papaya leather and Kumar et al., (2018) in papaya–pineapple leather, where blending with fruits of lower vitamin C content reduced the overall ascorbic acid concentration. Hence, the formulation composition significantly influences the nutritional profile of fruit leathers, particularly for heat-labile nutrients such as vitamin C.
Additionally, a significant reduction in ascorbic acid was noted during the 90-day storage period, with mean values decreasing from 7.51 to 6.39 mg/100 g. This degradation is primarily attributed to oxidative losses induced by exposure to oxygen, light, and temperature fluctuations. Similar degradation trends were reported by Jain and Nema (2007) in mango leather and Patil et al., (2006) in jackfruit leather, where progressive oxidation and non-enzymatic browning contributed to vitamin C loss during storage. A comparable decline in ascorbic acid has also been reported by Kaushal et al., (2017) in ginger–plum leather, Singh et al., (2019) in plum leather, Anand (2020) in Aloe vera–mango functional fruit bars, and Shailja (2020) in calcium-enriched Aloe vera–plum functional fruit bars.

Figure 2: Effect of blending and storage period on ascorbic acid (mg/100g) of apricot-ginger rolls
3.1.2	Antioxidant Activity
Antioxidant activity reflects a product’s ability to scavenge free radicals and prevent oxidative degradation, thereby influencing both its nutritional quality and shelf-life stability. In the present investigation, antioxidant activity varied significantly across formulations and declined during storage. Treatment T7 (40:60 apricot:ginger) exhibited the highest mean antioxidant activity (51.56%), while T1 (100:0 apricot:ginger) recorded the lowest (41.87%) (Table 1). This enhancement in antioxidant capacity with higher ginger incorporation can be ascribed to the presence of phenolic compounds and bioactive constituents in ginger, which possess strong radical-scavenging properties (Baliga et al., 2011). These findings corroborate those of Ahmed et al., (2016), who demonstrated that the inclusion of ginger markedly improved the antioxidant potential of blended fruit products. Although apricot also contains antioxidants such as vitamin C and carotenoids, its overall antioxidant potential is comparatively lower than that of ginger (Ali et al., 2021).
A significant decline in antioxidant activity was observed during 90 days of storage, decreasing from 50.33% at day 0 to 42.96% at day 90. This reduction may be attributed to oxidative degradation of phenolic compounds, vitamin C loss, and polymerization reactions occurring during prolonged storage (Jain and Nema, 2007; Yadav et al., 2013). Such reactions are often accelerated by exposure to light, oxygen, and residual moisture, which destabilize antioxidant molecules (Saxena et al., 2009). These results are in accordance with previous findings by Chandel (2011) in apple, peach, pear, and persimmon fruit rolls; Anand (2020) in Aloe vera–mango functional fruit bars; and Shailja (2020) in calcium-enriched Aloe vera–plum fruit bars.
Table 1: Effect of blending and storage period on antioxidant activity (%) of apricot-ginger rolls
	Treatment
	Storage Period (Day)

	
	0
	30
	60
	90
	Mean

	T1 
	45.75
	43.04
	40.27
	38.45
	41.87

	T2 
	46.07
	43.75
	40.90
	37.65
	42.09

	T3
	47.34
	44.47
	42.82
	41.03
	43.91

	T4 
	50.48
	47.43
	45.49
	43.28
	46.67

	T5 
	52.90
	50.41
	48.03
	45.93
	49.31

	T6
	54.53
	51.23
	49.30
	46.93
	50.49

	T7 
	55.27
	52.84
	50.69
	47.45
	51.56

	Mean
	50.33
	47.59
	45.35
	42.96
	


3.1.3	β-Carotene
The β-carotene content of apricot–ginger fruit rolls showed a significant reduction with increasing levels of ginger in the formulation. The maximum β-carotene concentration (6.11 mg/100 g) was recorded in T1 (100:0 apricot:ginger), while the lowest (2.44 mg/100 g) was observed in T7 (40:60 apricot:ginger) (Figure 3). The mean β-carotene content significantly declined from 4.27 to 3.87 mg/100 g over the 90-day storage period. This decreasing trend corresponds to the lower carotenoid content of ginger compared to apricot, which is naturally rich in β-carotene (Arvind et al., 2020). Similar findings were reported by Rajkumar et al., (2007), who observed reduced β-carotene in mango leather due to extended drying and viscous texture, and by Thakur (2022), who documented an increase in β-carotene content in pumpkin-based crackers owing to pumpkin’s high carotenoid concentration. Consistent patterns have also been reported by Bhat and Bhat (2013) in pumpkin flour–fortified cakes, Bertagnolli et al., (2014) in guava peel flour–enriched biscuits, and Wani and Sood (2014) in cauliflower leaf powder–based biscuits.
During storage, oxidative degradation of pigments was the primary cause of β-carotene loss (Wani and Sood, 2014). Thakur (2022) also reported a similar decline in β-carotenoids during three months of storage of pumpkin-based crackers. Sunette (2010) noted that prolonged processing, high temperatures, cutting, and maceration significantly accelerate β-carotene degradation, as carotenoids cannot be re-synthesized post-processing, and their degradation continues during storage.

Figure 3: Effect of blending and storage period on β- carotene of of apricot-ginger rolls
3.1.3	Total Phenolic Content
The total phenolic content (TPC) of apricot–ginger fruit rolls increased significantly with higher ginger incorporation (Table 2). The highest TPC was recorded in T7 (40:60 apricot:ginger), attributable to the rich polyphenolic composition of ginger, while T1 (100:0 apricot:ginger) exhibited the lowest. These findings align with the reports of Stoilova et al., (2007) and Ghasemzadeh et al., (2010), who identified ginger rhizome as a potent source of polyphenols with pronounced antioxidant capacity. Similarly, Zhou et al., (2011) demonstrated that the inclusion of spice or herbal extracts enhances phenolic concentration in functional fruit products.
However, TPC decreased significantly during 90 days of ambient storage, from 28.80 to 21.85 mg GAE/100 g. This decline can be attributed to oxidative degradation of phenolics induced by light, temperature, and oxygen exposure. Similar reductions were reported by Goula and Adamopoulos (2010) in fruit leathers and Patil et al., (2018) in stored fruit-based snacks, where enzymatic oxidation and polymerization reduced antioxidant efficacy. Casas-Forero et al., (2022) further highlighted that higher water activity accelerates phenolic degradation due to increased molecular mobility, while Tutunchi et al., (2019) reported that gelatin–phenolic interactions may lower phenolic bioavailability by reducing accessibility for hydrolysis and oxidation.
Table 2: Effect of blending and storage period on total phenols (mgGAE/100g) of apricot-ginger rolls
	Treatment
	Storage Period (Day)

	
	0
	30
	60
	90
	Mean

	T1 
	25.37
	22.66
	19.89
	18.05
	21.49

	T2 
	26.16
	24.84
	21.99
	18.74
	22.93

	T3
	26.99
	25.12
	22.47
	20.68
	23.81

	T4 
	28.54
	26.49
	23.55
	21.34
	24.98

	T5 
	29.88
	28.39
	25.01
	23.91
	26.79

	T6
	31.45
	29.15
	26.22
	24.85
	27.92

	T7 
	33.21
	30.78
	28.63
	25.39
	29.50

	Mean
	28.80
	26.77
	23.96
	21.85
	


3.2 	Microbial Analysis
Microbial safety is a key determinant of product quality and consumer health, as microbial contamination may lead to food-borne illnesses. The microbial load observed during 0–90 days of storage is presented in Table 3. No microbial growth was detected up to 60 days, indicating effective processing and hygienic handling. These findings concur with those of Gawale (2014), who reported negligible microbial growth during the storage of pineapple–papaya leather. Babalola et al., (2002) similarly observed a decline in total mould counts in pawpaw and guava leathers over time. Laxman et al., (2017) found that yeast and mould count in papaya fruit bars increased slightly (from nil to 0.6 × 10² cfu/g) during 60 days of storage. The eventual rise in microbial count may result from handling or packaging contamination, as suggested by Shakir et al., (2009) in apple–pear jam. Rehman et al., (2012) also reported increased microbial populations in apple–date bars with storage progression, while Fulchand et al., (2015) noted similar trends in papaya–apple leather. Gujral and Brar (2003) emphasized that maintaining a final moisture content of 12–15% and adhering to strict sanitary handling can effectively minimize microbial risks in fruit-based snacks.
Table 3: Effect of blending and storage period on Total plate count (104×cfu/g) of apricot-ginger rolls

	Treatment
	Storage Period (Day)

	
	0
	30
	60
	90

	T1 
	ND
	ND
	ND
	0.15

	T2 
	ND
	ND
	ND
	0.14

	T3
	ND
	ND
	ND
	0.11

	T4 
	ND
	ND
	ND
	0.08

	T5 
	ND
	ND
	ND
	0.07

	T6
	ND
	ND
	ND
	0.05

	T7 
	ND
	ND
	ND
	0.04

	Mean
	
	
	
	0.09



CONCLUSION
The study demonstrated the successful development of nutritionally enriched and shelf-stable apricot–ginger fruit rolls using different blending ratios. Increasing ginger proportion significantly enhanced total phenolic content and antioxidant activity, with T7 (40% apricot and 60 % ginger) formulation showing the highest functional potential, while ascorbic acid and β-carotene decreased due to their higher natural abundance in apricot. During 90 days of ambient storage, a gradual decline in bioactive compounds was observed; however, appreciable antioxidant levels were retained. Microbial analysis confirmed product safety, with no growth up to 60 days and minimal counts at 90 days, indicating effective processing and hygienic handling. Overall, apricot–ginger fruit rolls, especially with higher ginger incorporation, represent a promising functional snack and a viable value-addition approach to reduce post-harvest losses. 
ABBREVIATIONS

TSS: Total soluble solids
T0-T7: Treatment formulations with varying apricot-ginger ratios
µl: microlitre
ml: mililitre
w/w: weight by weight
mg: miligram
cfu: colony forming unit
ND: Not detected
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