


Development and Functional Characterization of Nutrient-Dense Snack Bars Enriched with Banana Blossom and Jackfruit Seed Powder


ABSTRACT
The present study focused on the development and evaluation of texture, total phenolic content, antioxidants and titratable acidity of date and fig bars incorporated with banana blossom and jackfruit seed powders. Six formulations (T0 to T5) were prepared, with T0 serving as the control (comprising Medjool dates, dried figs, and jaggery powder), while T1 to T5 included varying proportions of jackfruit seed and banana blossom powders. Nutritional profiling revealed total phenolic content and antioxidant activity were highest in T5 (2.78g GAE/100g and 41.35% DPPH scavenging activity, respectively), correlating with the high polyphenol content of banana blossom. Titratable acidity increased due to the presence of organic acids in the added powders. Texture profile analysis showed that T3 sample had the best textural parameters. The study concludes that banana blossom and jackfruit seed powders are promising ingredients for enhancing the functional and nutritional profile of fruit- based snack bars, contributing to product diversification, dietary fiber intake, and sustainable utilization of agro-biodiversity.
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INTRODUCTION
The demand for ready -to- eat convenience products has been increasing as there is a vast change in daily routine of a large portion of world population. Today, the concern of people in food is not only to satisfy hunger but also to consume a product which could be beneficial for health or may decrease the change of development of various diseases. Snack foods are comparatively growing very fast as compared to other food products. There are several locally manufactured and imported snacks bars available at supermarkets like protein bars, energy bars, brain - boosting and meal replacement bars. This study aimed to formulate a bar rich in total phenolic content, anti-oxidants and titratable acidity. These bars mainly consist of dates, figs, jaggery, almonds. The main ingredients which were incorporated in these bars were banana blossom powder and jack fruit seed powder.
        Fast growing food processing industry in most countries across the world, generates huge quantity of by-products, which have less use and create considerable environmental pollution. These by-products can be directly (or after certain modifications for isolation or purification of fibre) used for the manufacture of various foods (Sharma, et al., 2016).	Comment by kiranmoyeeh@gmail.com: Remove comma 
The banana blossom is a good source of high-quality protein, dietary fibre, vitamins, and minerals like magnesium, iron, and copper, all of which have anti-cancer properties (Tasnim et al., 2020). Banana blossom contains biologically active compounds such as antioxidant activity, total phenolic compounds, vitamins, and minerals that aid in the treatment of diabetes, weight loss, gastrointestinal health, and the relief of menstrual cramps (Thaweesang, 2019).
Dates have a consortium of nutrients that are prolific with high carbohydrate content mainly in the form of sugars, a rich dietary fibre content, an abundance of vitamins and minerals, and, ultimately, high levels of both antioxidant activity and phenolic content. The sweet–savoury sensation derived from dates is attributed to the enormous abundance of natural sugars that are sucrose, glucose and fructose. The chemical composition of dates has been linked to many important health benefits ranging from the treatment of cardiovascular disease to the treatment of stomach disorders (Vayalil, 2012).
The texture of date fruit can be described as dense and tacky, which easily facilitates binding and mixing with complementary ingredients such as cereals. Therefore, date fruit can be used in many applications during product development to improve the binding capacity. The role of diet in the well-being, metabolic development and prevention of diseases cannot be overemphasized (Aljaloud et al).	Comment by kiranmoyeeh@gmail.com: Add the year for the reference
 	Figs (Ficus carica) is one of the largest genera of angiosperms from the mulberry family with more than 800 species of trees, shrubs, hemi epiphytes, climbers and creepers in the tropical and subtropical region all over the world. Different plant parts like fruits, seeds, leaves, tender, bark, shoots and latex have numerous medicinal applications. So, figs are an important harvest throughout the world and consumed both in dried and in a fresh state (Solomon et al).	Comment by kiranmoyeeh@gmail.com: Add the year for the reference
 	Jackfruit (Artocarpus heterophyllus Lam) is popular fruit crop that is widely grown in Bangladesh and other tropical areas. The ripe fruit contains well flavoured yellow sweet bulbs and seeds (embedded in the bulb). The edible bulbs of ripe jackfruit are consumed fresh or processed into canned products. Seeds make-up around 10 to 15% of the total fruit weight and have high carbohydrate and protein contents (Kumar et al.,2019).	Comment by kiranmoyeeh@gmail.com: Add “a” after is	Comment by kiranmoyeeh@gmail.com: Not mentioned in the reference
 	The seeds are usually discarded as waste, but when stored in a cool, moist environment, they have a shelf-life of about one month. To extend the shelf- life, the roasted seeds can be made into powders and used to add value to different products. The demand for jackfruit seeds has been increased due to increased consumer awareness regarding the diet-disease relationship. 
Despite their nutritional potential, both banana blossom and jackfruit seed powders are rarely incorporated into processed foods such as bars. Moreover, the ingredients of the bar are not subjected to high heat treatment (frying, baking, etc.) to ensure that the nutrient loss is minimum. Therefore, these underutilized by- products are made more accessible to the consumers in the form of ready-to-eat food such as bars.
MATERIALS AND METHODS
Processing of Banana Blossom Powder and Jackfruit Seed Powder
The banana blossom and jackfruit seeds were directly procured from the local market, with proper and hygiene package. The inedible florets of the banana blossom were peeled, removed, cleaned and chopped. The jackfruit seeds were subjected to steaming for 1 hour. The outer brown skin was peeled. Both the banana blossom and jackfruit seeds were sun-dried for 2 days until they were completely dried. The florets and seeds were then ground in a blender and sieved.
	Samples
	Dates (g)
	Figs (g)
	Jaggery (g)
	Jackfruit Seed Powder (g)
	Banana Blossom Powder (g)

	T0 (control)
	60
	30
	10
	-
	-

	T1
	60
	15
	10
	15
	-

	T2
	60
	15
	10
	10
	5

	T3
	60
	15
	10
	7.5
	7.5

	T4
	60
	15
	10
	5
	10

	T5
	60
	15
	10
	-
	15


Treatment and Combinations for the Bars 
Table 1. Treatment and Combination of Bars with Different Proportions of Jackfruit Seed and Banana Blossom Powder

Several trials were made to standardize the recipe for the preparation of the acceptable products. Ingredients used are dates, dried figs, banana blossom powder, jackfruit seed powder and jaggery powder.
Dates and figs were pitted, chopped and roasted in ghee for 1-2 minutes. The banana blossom and jackfruit seed powder were added and mixed till uniform consistency was achieved. This was followed by molding, coating in almonds and storing in air-tight containers.
[image: A row of brown and black rectangular objects  AI-generated content may be incorrect.]




Fig. 1 Different Combinations of Bars
Texture Profile Analysis
An instrumental texture profile analysis was carried out for both treatments and control samples using a TA-XT2 Texturometer (Stable Microsystems, UK). The analysis of the texture profile consisted of two compression cycles using a cylindrical probe with a 75mm base diameter, spaced by an interval of 5 seconds between cycles. The texture attributes: hardness (gf), adhesiveness(g.sec), springiness(g.sec), cohesiveness(g.sec), gumminess(g.sec), chewiness(g.sec) and resilience(g.sec) were calculated.
Determination of Total Phenolic Content (Singleton et al., 1999)
The Folin-Ciocalteau colorimetric technique was applied to measure the total phenol concentration of extracts. The Folin-Ciocalteau reagent (1mL) and 1 mL of 7.5% sodium carbonate were combined with extract solution (3mL). The absorbance was measured at 765 nm after 30 minutes of incubation in the dark. The standard curve was formed with gallic acid, and the results were represented as mg of gallic acid equivalents per 100g of extract.
Total Phenolic Content (mg GAE/100g) = 
C= concentration of iron from standard curve
V= final volume of digested solution
W= weight of sample
Determination of Antioxidant Activity (Seelam et al., 2014)
The DPPH radical scavenging activity was determined using a modified version of the Yen and Chen (1995) approach. The produced ethanolic extracts of samples were employed in the free radical scavenging test. 1mL of extract was mixed with 1mL of DPPH. Then the test tubes were incubated in the dark for 30 minutes. The absorbance was measured at 517nm.
DPPH scavenging activity (%) = 
                          x 100
Determination of Titratable Acidity
Take 1 ml of sample and dilute it to 15 ml with carbonate free double-distilled water. Add 2 drops of phenolphthalein indicator into it. Now titrate it with standardized (0.097N) NaOH solution and note the volume of NaOH used till pink colour persist for at least 15 seconds (AOAC 2005).	Comment by kiranmoyeeh@gmail.com: Rewrite it in “past tense” as done by the author
                      Titratable Acidity = 
Statistical Analysis
The statistical analysis was done using Analysis of Variance (ANOVA) technique with Critical Difference (C.D) followed by Tukey’s Test. All values are represented in Mean ± Standard Deviation with three replications. 
Results and Discussion 	Comment by kiranmoyeeh@gmail.com: Discussion can be extended, give proper reasoning for the results obtained comparing with results of some similar works done and providing supporting references.

Texture Profile Analysis
[bookmark: _GoBack]The double compression test, also known as the two-bite test, is used in texture profile analysis to simulate the chewing action in the mouth. In this test, the sample is compressed twice to measure texture properties such as hardness, adhesiveness, cohesiveness, springiness, and resilience. Hardness indicates the force required to bite the food, adhesiveness shows how much it sticks to surfaces, cohesiveness reflects how well it holds together, springiness describes how quickly it returns to its original shape after compression, and resilience measures how well it recovers immediately after the first compression.
T5 sample showed highest values for hardness (38852.52 gf), springiness (0.10 g.sec), gumminess (1099.891 g.sec), chewiness (94.35 g.sec) and resilience (0.017 g.sec). T0 sample showed the lowest value for hardness (18722.52 gf), adhesiveness (-1135.65 gf) and springiness (0.04 g.sec). T1 sample showed the lowest value for cohesiveness (0.026 g.sec), gumminess (485.116 g.sec) and chewiness (55.31 g.sec). T1 sample showed the lowest value for resilience (0.013 g.sec).
The control sample, T0, exhibited a hardness of 18722.52±0.02 gram-force (gf), representing the softest bar. T1 recorded 23521±0.02 gf, followed by T2 at 27206.62±0.02 gf, T3 at 30663.58±0.02 gf, and T4 at 33432.23±0.02 gf. The highest hardness was recorded in T5, reaching 38852.52±0.01 gf. 
Adhesiveness, values ranged from −1135.65±0.04 gf for T0 to −1692.93±0.02 gf for T3. T0 had a springiness of 0.04±0.00, which progressively rose to 0.05±0.00 for T1, 0.07±0.00 for T2, and peaked at 0.09±0.00 for T3 and T4, and 0.10±0.00 for T5.  
	Samples
	Hardness (gf)
	Adhesiveness (g.sec)
	Springiness (g.sec)
	Cohesiveness (g.sec)
	Gumminess (g.sec)
	Chewiness (g.sec)
	Resilience (g.sec)

	T0 (C)
	18722.52±0.02f
	-1135.65±0.04a
	0.04±0.00a
	0.03±0.00a
	485.116±0.008f
	55.31±0.09f
	0.014±0.00b

	T1
	23521±0.02e
	-1392.41±0.01e
	0.05±0.00c
	0.026±0.00b
	623.322±0.11d
	57.76±0.17e
	0.013±0.00b

	T2
	27206.62±0.02d
	-1314.3±0.01c
	0.07±0.00b
	0.031±0.00a
	835.3907±0.30a
	70.82±0.09d
	0.015±0.001a

	T3
	30663.58±0.02c
	-1692.93±0.02b
	0.09±0.00a
	0.031±0.00a
	923.642±0.25b
	82.78±0.17c
	0.015±0.001a

	T4
	33432.23±0.02b
	-1296.93±0.02b
	0.09±0.00a
	0.031±0.00a
	1099.891±0.12c
	94.35±0.35a
	0.017±0.001ab

	T5
	38852.52±0.01a
	-1321.35±0.02d
	0.10±0.00a
	0.031±0.00ab
	1099.891±0.12c
	100.827±0.35b
	0.017±0.001b


Values are expressed as Mean ± SD with three replications. Means that do not share a letter are significantly
different (p<0.05)
Table 2. Variation in hardness, Adhesiveness, Springiness, Cohesiveness, Gumminess, Chewiness and Resilience


Total Phenolic Content 
The total phenolic content of the different treatments varied from 1.89±0.00 g GAE/100g in T0 (control) to 2.78±0.01 g GAE/100g in T5. T5 exhibited the highest TPC, followed by T4 (2.66±0.00 g GAE/100g), T3 (2.59±0.01 g GAE/100g), T2 (2.53±0.01 g GAE/100g), and T1 (2.39±0.01 g GAE/100g). T0 showed the lowest TPC.
                 [image: ]
Fig 2. Total Phenolic Content for Different Samples
Antioxidant Activity
The antioxidant activity of the different samples ranged from 36.24±0.25% in T0 (control) to 41.35±0.06% in T5. T5 exhibited the highest antioxidant activity, followed by T4 (39.98±0.04%), T3 (39.24±0.03%), T2 (38.55±0.04%), and T1 (37.17±0.02%). T0 showed the lowest antioxidant activity.
               [image: ]
Fig 3. Antioxidant Activity for Different Sample
	Parameters
	T0
	T1
	T2
	T3
	T4
	T5

	TPC (g GAE/100g)
	1.89±0.00f
	2.39±0.01e
	2.53±0.01d
	2.59±0.01c
	2.66±0.00b
	2.78±0.01a

	Antioxidant (%)
	36.24±0.25f
	37.17±0.02e
	38.55±0.04d
	39.24±0.03c
	39.98±0.04b
	41.35±0.06a

	Titratable Acidity (%)
	0.51±0.01b
	0.48±0.01c
	0.46±0.01d
	0.52±0.01b
	0.52±0.01b
	0.54±0.01a


Values are expressed as Mean ± SD with three replications. Means that do not share a letter are significantly different (p<0.05)
Table 3. TPC, Antioxidant Activity and Titratable Acidity of Different Samples
Titratable Acidity 
The titratable acidity of the samples ranged from 0.46±0.01% in T2 to 0.54±0.01% in T5. T0 (0.51±0.01%), T3 (0.52±0.01%), and T4 (0.52±0.01%) showed statistically similar, slightly lower values compared to T5. T1 (0.48±0.01%) and T2 (0.46±0.01%) had the lowest Titratable Acidity.
               [image: ]
Fig 4. Titratable Acidity for Different Samples
Conclusion	Comment by kiranmoyeeh@gmail.com: In conclusion, no need to repeat the values of all treatment groups in every parameters. Instead, only the best treatment group obtained from each parameter can be mentioned.
The development of functional bars using Medjool dates, dried figs, jackfruit seed powder, and banana blossom powder demonstrated the potential of incorporating underutilized plant-based ingredients into nutritious snack formulations. 
A Total of 6 formulations was prepared with varying combinations of JFSP and BBP, where T0 served as a control. 
T5 sample showed the highest value (2.78±0.01 g GAE/100g) and T0 sample showed the lowest value (1.89±0.00 g GAE/100g) in TPC. T5 sample showed the highest value (41.35±0.06%) and T0 sample showed the lowest value (36.24±0.25%) in antioxidant activity. T5 sample showed the highest value (0.54±0.01%) and T0 sample showed the lowest value (0.51±0.01%) in titratable acidity. 
In TPA, T5 showed highest values for hardness (38852.52 gf), springiness (0.10 g.sec), gumminess (1099.891 g.sec), chewiness (94.35 g.sec) and resilience (0.017 g.sec). T0 sample showed the lowest value for hardness (18722.52 gf), adhesiveness (-1135.65 gf) and springiness (0.04 g.sec). T1 sample showed the lowest value for cohesiveness (0.026 g.sec), gumminess (485.116 g.sec) and chewiness (55.31 g.sec). T1 sample showed the lowest value for resilience (0.013 g.sec). 
These findings support the application of banana blossom and jackfruit seed powders in snack bar formulations for health-conscious consumers, especially in the development of plant-based functional foods that can help combat nutrient deficiencies while promoting sustainable ingredient use. 
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