


Revised Original Research Article:
Development and Characterization of Banana Syrup from Disqualified Export-Grade Bananas

ABSTRACT 
Banana is a highly perishable tropical fruit, and significant post-harvest losses occur due to rapid ripening and the rejection of export-grade fruits based on external morphological defects, despite their nutritional adequacy. Utilization of such disqualified bananas for value-added products can reduce food waste and improve economic returns. This study aimed to develop banana syrup from disqualified export-grade bananas and evaluate its physicochemical characteristics, sensory acceptability, and storage stability. Banana juice was extracted from ripe banana and concentrated to obtain syrup with a total soluble solids content of 75.0 ± 1.0 °Brix. The developed syrup contained 30.6 ± 1.2% moisture, 60.64 ± 1.54% carbohydrates, 1.42 ± 0.76% crude protein, 3.54 ± 0.21% crude fat, 6.0 ± 0.5% fibre, and 3.80 ± 0.56% ash. The syrup exhibited pH 4.18 ± 0.01, titratable acidity 0.783 ± 0.04% (malic acid), reducing sugars 33.89 ± 3.87 g%, and viscosity 707.0 ± 0.80 cP. Color analysis showed CIE L* 79.9 ± 0.6, a* 5.1 ± 0.5, and b* 67.9 ± 0.4, indicating a yellow appearance. Sensory evaluation using a 9-point hedonic scale revealed high overall acceptability (8.55 ± 0.37). During storage at room temperature, the syrup remained stable with no significant changes in quality parameters for 21 days (P > 0.05); however, fermentation signs appeared by 28 days. The results demonstrate the potential of banana syrup as a nutritious natural sweetener while providing a sustainable approach to reduce post-harvest losses.
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1. INTRODUCTION
Banana ranks among the most extensively cultivated tropical fruits worldwide and is valued for its high carbohydrate content, dietary fiber, and essential micronutrients (FAO, 2022). Owing to its climacteric nature, banana undergoes rapid ripening and senescence after harvest, making it highly susceptible to mechanical damage, microbial spoilage, and enzymatic browning. As a result, post-harvest losses of bananas are reported to be substantial, particularly in tropical and subtropical regions where cold-chain infrastructure and processing facilities are limited (Kader, 2005; Wills et al., 2016).
A substantial share of these losses arises during export grading and packing operations, where fruits are rejected because of cosmetic defects, size non-uniformity, minor bruising, or peel blemishes, despite being nutritionally acceptable. Such grading-related rejections have been reported to account for approximately 20-30 % of total harvested bananas, especially within export-oriented supply chains that apply stringent quality standards (Neuvo et al., 2017). These losses reduce marketable yield and economic returns, underscoring the need for value-addition strategies to utilize disqualified export-grade bananas and mitigate post-harvest waste.
Processing bananas into shelf-stable value-added products is considered an effective approach to reduce post-harvest losses and enhance economic returns. Fruit syrups and concentrates are widely used in the food and beverage industry as sweeteners, flavoring agents, and beverage bases due to their extended shelf life and ease of storage (Ranganna, 2014). Banana syrup, in particular, has potential for diversified applications; however, its commercial utilization remains limited compared with syrups derived from fruits such as mango, apple, and grape (Sharma et al., 2018). Development of banana-based syrup can therefore contribute to improved utilization of surplus and overripe fruits.
The quality of fruit syrups is strongly influenced by clarity, color, flavor stability, and shelf life. Banana juice presents additional processing challenges due to its high starch content, suspended solids, and susceptibility to enzymatic browning, which often result in turbidity and undesirable color in the final product (Wang et al., 2019). Clarification is a critical step in fruit juice and syrup processing, as it improves visual appeal and storage stability; however, inappropriate clarification may negatively affect sugar composition and sensory attributes (Sandri et al., 2011). 
Several studies have reported the development of banana-based beverages, juices, and concentrates with varying degrees of success (Jothi et al., 2014; Pathak et al., 2017). Nevertheless, limited information is available on the systematic evaluation of clarified banana syrup, particularly with respect to its physicochemical quality, sensory acceptability, and storage stability. Therefore, the present study was undertaken to develop clarified banana syrup and to assess its physicochemical characteristics, sensory attributes, and storage stability, with the objective of establishing a feasible value-addition process suitable for potential commercial application.
2. MATERIAL AND METHODS
2.1. Raw Materials 
Disqualified export-grade bananas (Musa spp., Grand Naine variety) at the seventh stage of maturity were procured from a farmer in Anand, Gujarat, India. Although rejected for export based on market standards, fruits with uniform ripeness and peel color and without physical damage or microbial spoilage were selected for analysis. Commercial food-grade pectinase and cellulase (activity: 3000 U/g) were used for enzymatic juice extraction. Chemicals required for analysis were procured from standard suppliers.
2.2. Preparation of Banana Pulp and Enzymatic Juice Extraction
Bananas were washed thoroughly under running tap water, peeled manually, and sliced. The pulp was homogenized using a laboratory juicer to obtain a uniform slurry. The freshly prepared pulp was immediately subjected to enzymatic treatment without storage. Pectinase and cellulase were each added to the pulp at a concentration of 0.15% (w/w, based on pulp weight) to achieve maximum juice extraction. Enzymatic hydrolysis was performed in a thermostatically controlled water bath at 50 °C for 120 minutes. At the end of incubation, enzyme activity was terminated by heating the samples in boiling water (100 °C) for 15 minutes, followed by immediate cooling in an ice bath (0-4 °C). The treated pulp was then centrifuged at 8,000 rpm for 25 minutes at 4 °C, and the clear supernatant (banana juice) was collected for syrup preparation and further analysis. The overall process flow for enzymatic juice extraction and syrup preparation is illustrated in Figure 1 (Tadakittisarn et al., 2007).
2.3. Development of Banana Syrup
Clarified banana juice obtained under optimized enzymatic conditions was concentrated to syrup form using open-pan heating until it reaches final TSS content of 75 °Brix. Hot syrup was immediately filled into sterilized glass jars, sealed, cooled to room temperature, and stored at ambient conditions for further characterization, as depicted in Figure 1.
Figure 1. Flowchart of preparation of banana syrup	
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2.4. Proximate Analysis of Banana Syrup
The proximate composition of the date syrup samples was determined following AOAC (2012) procedures. Moisture content was measured by drying the samples in a hot air oven at 105 °C until a constant weight was achieved. Crude protein was estimated using the Kjeldahl method, with values calculated accordingly. Fibre content was determined following standard laboratory procedures. Total ash was obtained by incinerating the samples in a muffle furnace at 550 °C for 3 hours until a white residue was formed. Crude fat was extracted using hexane in a Soxhlet apparatus. Carbohydrate content was calculated by difference using the equation:
Carbohydrate (%) =100 − (Moisture + Protein + Ash + Fat)
2.5. Physicochemical Analysis of Banana Syrup
The physicochemical properties of banana syrup were analyzed using standard analytical methods. The pH of the syrup was measured using a digital pH meter (Cyberscan PH 510). Buffer solutions of pH 4 and 7 were used to calibrate the equipment before measurement.
Titratable acidity was determined by diluting 10 g of syrup with 75 mL of distilled water, followed by titration with 0.1 N sodium hydroxide until an endpoint pH of 8.3 was reached.
Color characteristics of the banana syrup were evaluated according to the Commission Internationale de l’Éclairage (CIE) color system. Lightness (L*), redness/greenness (a*), and yellowness/blueness (b*) values were recorded using a tintometer (Lovibond, RT850i). Browning index was assessed by measuring absorbance at 420 nm using a UV-visible spectrophotometer (Varian Cary 50).
Viscosity was determined using a viscometer (Brookfield DV-II+ Pro) at 50 rpm and 23.7 °C. A similar methodology was adopted by Handique et al. (2019) to evaluate the flow behavior of enzyme-treated banana juice and syrup.
Reducing sugar content was determined using the Somogyi-Nelson method (Lam et al., 2021). 
2.6. Sensory Evaluation
Sensory evaluation of the banana syrup was carried out using a modified AOAC (2012) method. Panelists from the College of Food Processing Technology and Bio Energy, Anand Agricultural University, evaluated the samples on a 9-point hedonic scale for appearance, aroma, consistency, taste, and overall acceptability.
2.7. Shelf-Life Study
The shelf life of banana syrup during storage was evaluated by monitoring changes in pH, titratable acidity, viscosity, and color parameters (CIE L*, a*, b*). The syrup samples were stored at ambient conditions and analyzed at predetermined intervals (0, 7, 14, 21, and 28 days). pH and titratable acidity were measured using standard AOAC methods, viscosity was determined using a rotational viscometer, and color parameters were recorded using a colorimeter. 
2.8. Statistical Analysis
All analyses were conducted in triplicate, and results were expressed as mean ± standard deviation (SD). Data were analyzed using one-way analysis of variance (ANOVA). Significant differences among storage periods were determined at P < .05, and mean comparisons were performed using the critical difference (CD) test.
3. RESULTS AND DISCUSSION 
3.1. Proximate Analysis of Banana Syrup
As presented in Table 1, the developed banana syrup showed a moisture content of 30.6 ± 1.2%, comparable to thermally concentrated banana and date syrups, where moisture values typically range between 28-38% due to evaporation during boiling (Farahnaky et al., 2016; Derouich et al., 2020). The crude protein content (1.42 ± 0.76%) is consistent with reports on banana-based syrups and fruit concentrates, which generally contain less than 2% protein owing to the inherently low protein content of fruits and the effects of thermal. The dietary fibre content, derived from retained soluble fibres such as pectin, reflects the persistence of banana pulp constituents after concentration and contributes to syrup viscosity and functional properties (Maduwanthi & Marapana, 2019). The total ash content (3.80 ± 0.56%) indicates a concentrated mineral fraction, comparable to date syrup (2.5-4.5%), where potassium- and magnesium-rich mineral residues increase as a result of moisture reduction during processing (Farahnaky et al., 2016; Derouich et al., 2020). The crude fat content (3.54 ± 0.21%), although low, was slightly higher than values reported for clarified date syrup (<1%), which may be attributed to lipid retention from banana pulp during concentration. The carbohydrate content (60.64 ± 1.54%), calculated by difference excluding dietary fibre, constituted the major component of the syrup and reflects the concentration of natural sugars (glucose, fructose, and sucrose), a defining characteristic of banana and date syrups, where carbohydrates typically account for 60-75% of total solids (Derouich et al., 2020).
3.2. Physicochemical Composition of Banana Syrup
The physicochemical characteristics of the developed banana syrup are summarized in Table 1. The syrup exhibited a total soluble solids (TSS) content of 75.0 ± 1.0 °Brix, confirming effective concentration of banana juice solids during thermal processing. Similar concentration trends were observed by Saenz et al. (1996), who documented TSS values of approximately 68-72 °Brix in thermally concentrated banana-based products. Comparable values (70-78 °Brix) have also been observed for date syrup by Al-Farsi et al. (2007), indicating that the present value lies within the typical range for fruit syrups.
The pH of the syrup (4.18 ± 0.01) reflects a mildly acidic nature that contributes to product stability and microbial safety. Banana and other fruit syrups commonly exhibit pH values between 4.0 and 4.5 (Al-Farsi et al., 2007). The titratable acidity, expressed as malic acid, was 0.783 ± 0.04%, which aligns with acidity levels of 0.6-0.9% observed in concentrated fruit syrups, reflecting the concentration of inherent organic acids during processing.
Color evaluation revealed high lightness (CIE L* = 79.9 ± 0.6), positive a* values (5.1 ± 0.5), and high b* values (87.9 ± 0.4), indicating a bright yellow coloration characteristic of banana-based products. Taleb (2016) documented L* values between 75-82 and b* values of 70-90 for thermally concentrated fruit syrups, supporting the acceptable color retention observed in the present syrup.
The viscosity of the banana syrup was 707.0 ± 0.80 cP, which can be attributed to the high soluble solids content and the presence of soluble polysaccharides such as pectin. Date syrup with similar soluble solids content exhibits viscosity values in the range of 650-900 cP (Al-Farsi et al., 2007), indicating comparable rheological behavior. The reducing sugar content of the syrup (33.895 ± 3.87 g%) reflects the concentration of glucose and fructose during processing and contributes significantly to sweetness and energy value. Date syrup typically contains higher reducing sugar fractions (40-55 g%), whereas banana-based concentrates show comparatively lower values, consistent with the compositional differences between the fruits (Saenz et al., 1996; Al-Farsi et al., 2007).
Table 1. Characteristics of the developed banana syrup
	Sl No.
	Parameter
	Result

	1
	Moisture content (%)
	30.6 ± 1.2

	2
	Crude protein (%) 
	1.42 ± 0.76

	3
	Fibre content (%)
	6.0 ± 0.5

	4
	Total ash (%)
	3.80 ± 0.56

	5
	Crude fat (%)
	3.54 ± 0.21

	6
	Carbohydrate (%)
	60.64 ± 1.54

	7
	Total Soluble Solids (°Brix)
	75.0 ± 1.0

	8
	pH
	4.18 ± 0.01

	9
	Acidity (% malic acid/100g)
	0.783 ± 0.04

	

10
	Color:
	

	
	CIE L*
	79.9 ± 0 6

	
	        a*
	5.1 ± 0 5

	
	        b*
	67.9 ± 0 4

	11
	Viscosity (cP)
	707.0 ± 0.80

	12
	Reducing sugar (g %)
	33.895 ± 3.87


All analyses were carried out in triplicate, and results are presented as mean ± SD (n = 3).
3.3 Sensory Attributes of Banana Syrup
The sensory evaluation results of the developed banana syrup are presented in Table 2. The syrup received high acceptability scores across all evaluated attributes, indicating favorable sensory quality. Appearance scored 8.15 ± 0.34, reflecting an appealing color and visual consistency typical of fruit syrups. Aroma, consistency, and taste exhibited similarly high scores of 8.55 ± 0.28, 8.60 ± 0.39, and 8.55 ± 0.37, respectively, suggesting that the characteristic banana flavor was well retained during processing and that the syrup possessed a desirable thickness and mouthfeel. Overall acceptability recorded a high mean score of 8.55 ± 0.37, demonstrating strong panelist preference and confirming the combined influence of favorable appearance, flavor, and texture. These scores fall within the “like very much” category of the 9-point hedonic scale, indicating excellent consumer acceptability. Similar high sensory ratings have been reported for banana- and date-based syrups produced through thermal concentration, where high soluble solids content and balanced acidity contributed positively to sensory perception (Al-Farsi et al., 2007; Saenz et al., 1996). The consistently high sensory scores observed in the present study highlight the suitability of disqualified export-grade bananas for the development of a value-added syrup product with desirable sensory attributes.
Table 2. Sensory scores of the developed banana syrup
	Sl. No.
	Sensory attribute
	Score

	1
	Appearance
	8.15 ± 0.34

	2
	Aroma
	8.55 ± 0.28

	3
	Consistency
	8.60 ± 0.39

	4
	Taste
	8.55 ± 0.37

	5
	Overall acceptability
	8.55 ± 0.37


Values are expressed as mean ± standard deviation (SD) (n = 10). Scores were based on a 9-point hedonic scale (1 = dislike extremely, 9 = like extremely). 
3.4 Shelf Life Study
The shelf life of banana syrup during storage was assessed through changes in pH, titratable acidity, viscosity, and color parameters (L*, a*, b*), as presented in Table 3.
A statistically significant (P = .05) decrease in pH from 4.18 (day 0) to 3.89 (day 21) was observed, accompanied by a significant increase in titratable acidity from 0.783 to 0.892% malic acid. The magnitude of these changes exceeded the corresponding CD0.05 values (0.11 for pH and 0.056 for acidity), confirming the influence of storage duration on acid development. Comparable trends have been reported by García-Quiroga et al. (2015) for kiwifruit stored in syrup, where pH values decreased from approximately 4.3 to 3.7, while titratable acidity increased from 0.62 to 0.88% citric acid equivalent during storage. Despite these statistically significant changes, the authors reported no adverse impact on overall sensory acceptance, suggesting that moderate acidification in syrup-based products remains within acceptable sensory limits. Similarly, in date syrup, Ogbonyomi et al. (2021) reported pH values ranging from 4.10 to 3.85 and acidity values between 0.70 and 0.95%, which were considered desirable for flavor balance and shelf stability. The pH and acidity values obtained in the present study fall well within these reported ranges, indicating comparable sensory acceptability.
Viscosity of banana syrup did not show significant variation (p > 0.05) during storage, with values ranging narrowly from 707 ± 0.80 cP to 713 ± 0.11 cP, remaining below the CD0.05 value of 3.12 cP. García-Quiroga et al. (2015) reported viscosity values for kiwifruit syrup in the range of 680-730 cP, with no significant changes during storage, attributing this stability to high soluble solids and reduced water mobility. Likewise, date syrup viscosity values of 650-750 cP were reported by Ogbonyomi et al. (2021), supporting the observation that fruit syrups generally exhibit stable rheological behavior during short-term storage.
Instrumental color parameters (CIE L*, a*, b*) of banana syrup remained statistically unchanged (p > 0.05) throughout storage. The L* value showed minimal variation from 79.998 to 79.905, while a* ranged between 5.109 and 5.141, and b* between 67.865 and 67.948, with all differences remaining below their respective CD0.05 values (0.18 for L*, 0.06 for a*, and 0.24 for b*). Similar color stability was observed by García-Quiroga et al. (2015), who reported L* values of 78-81, a* values of 4.5-5.8, and b* values of 65-70 for kiwifruit syrup during storage. In date syrup, Ogbonyomi et al. (2021) reported L* values of 40-45 and b* values of 55-62, noting that color changes were minimal when non-enzymatic browning was effectively controlled.
According to Pathare et al. (2013), small variations in L*, a*, and b* values that remain below critical difference thresholds are not perceptible to consumers and therefore do not negatively influence sensory acceptance. The color stability observed in the present study suggests effective control of browning reactions and supports the retention of desirable visual quality during storage. Overall, the minimal variation in viscosity and color attributes, along with acceptable changes in pH and acidity, indicates that the banana syrup retained desirable sensory quality during storage, consistent with previously reported fruit syrup studies.



Table 3. Shelf-life study of banana syrup
	Days
	pH

	Acidity
(% malic acid /100g)
	Viscosity
(cP)
	Color

	
	
	
	
	L*
	a*
	b*

	0
	4.18
	0.783
	707 ± 0.80
	79.998
	5.126
	67.931

	7
	4.12
	0.812
	707 ± 0.97
	79.954
	5.141
	67.902

	14
	3.99
	0.865
	709 ± 0.18
		79.912



	



	5.109
	67.948

	21
	3.89
	0.892
	710 ± 0.31
	79.936
	5.133
	67.889

	28
	3.85
	0.899
	713 ± 0.11
	79.905
	5.118
	67.865

	SEm±
	0.04
	0.019
	1.35
	0.06
	0.02
	0.08

	CV (%)
	1.62
	2.41
	0.38
	0.14
	0.40
	0.18

	CD (0.05)
	0.11
	0.056
	3.12
	0.18
	0.06
	0.24


Values are expressed as mean ± standard deviation (SD) of three independent replicates (n = 3). SEm± indicates standard error of mean; CV denotes coefficient of variation; CD (0.05) represents critical difference at P ≤ 0.05.
4. CONCLUSION
This study demonstrated the successful development and characterization of banana syrup from disqualified export-grade bananas using enzymatic juice extraction followed by concentration. The resulting syrup exhibited desirable proximate and physicochemical characteristics, along with favorable sensory acceptability, indicating its suitability as a fruit-based sweetener. Rather than relying on refined sugars or chemical preservatives, the process leveraged the inherent sugar composition of ripe bananas to achieve a stable and palatable product. The findings underscore the potential of utilizing under-utilized or rejected bananas for the production of value-added food ingredients, thereby contributing to waste reduction and sustainable fruit processing. The developed banana syrup shows promise for incorporation into beverages, breakfast cereals, and other food formulations as a natural sweetening agent. Overall, this approach offers a viable pathway for improving resource efficiency in the banana value chain while expanding the range of nutritious, plant-based sweeteners available to consumers.
5. FUTURE SCOPE
Future studies should focus on process scale-up and the evaluation of microbiological stability of banana syrup under different storage conditions. Investigation of alternative concentration methods and their effects on product quality, nutritional retention, and processing efficiency would provide valuable insights for industrial application. Studies on the influence of various packaging materials and storage environments on shelf life and product stability are also warranted. Further research may explore the development of low-glycemic variants through formulation strategies or blending with bakery foods to broaden product applications. Exploration of by-product utilization, such as banana peel, could enhance process sustainability and resource efficiency. In addition, large-scale consumer sensory acceptance studies and comprehensive economic feasibility analyses are essential to support commercial adoption and market viability.
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