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Abstract: 
The present investigation was designed to study the effect of various drying methods and chemical treatments on the quality of the banana blossom of two different species namely Musa balbisiana (Bhimkal) and wild banana from hills. Florets of bhimkal and wild banana blossoms dipped into three different solution - 1% citric acid, 1% ascorbic acid and 5% salt solution for 30 minutes followed by drying in oven, under sunshine and with solar cabinet dryer. There were significant effects of drying methods, temperature and chemical treatments as well as their interaction on the different nutritional value of the processed products. Crude protein, crude fat, crude fibre were found highest in products treated with 1% citric acid and dried in oven at 500C. There were no significant effects of drying temperature, chemical treatment or interaction between temperature and chemical treatment on rehydration ratio which was decreasing with increasing temperature. 
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1. INTRODUCTION
Banana (Musa spp.) is the second most widely grown fruit after citrus, accounting for around 16% of global fruit production (Mohapatra et al., 2010). The entire banana plant can be used in food, feed, pharmaceuticals, packaging, and a variety of other industries. Banana blossom, on the other hand, is a nutritious edible flower found at the banana plant's tip. It's high in minerals and antioxidants, which have a variety of health benefits. Banana flower can be used to make a variety of goods, including dehydrated vegetables, pickles, and canned foods (Yunchalad et al., 1995; Wickramarachchi and Ranamukhaarachchi, 2005). The banana blossom, which is abundant in fiber, antioxidants, and essential minerals including potassium, calcium, magnesium, iron, zinc, and copper, promotes a number of physiological functions and helps in preventing digestive problems such as constipation (Devje, 2022). Banana blossoms provide many health advantages, such as improving mood, controlling diabetes, lowering anxiety, and supporting menstrual health (Bote et al., 2024).
However, due to time-consuming preparation techniques, banana flower consumption and use are restricted. Because of the high polyphenol oxidase activity, processing tends to increase browning, which reduces the aesthetic and organoleptic quality of the banana flower. Such issues can be avoided by developing a preserved banana blossom product.
Recent studies from European researchers have provided comprehensive reviews on the drying of plant raw materials, highlighting advances in convective, solar, vacuum, infrared, and hybrid drying technologies and their effects on product quality (Thamkaew, 2021; Skåra, 2023; Niemiec, 2018; Fernandes et al., 2024). These works emphasize that the drying kinetics of most fruits and vegetables follow a typical falling-rate pattern governed by internal moisture diffusion, and that appropriate pre-treatments can improve colour, nutrient retention, and rehydration characteristics. The present study draws upon these findings and applies them to banana blossoms to evaluate the effect of different drying methods and pre-treatments on quality attributes.
Dehydration of the flower is used to preserve the flower and maintain the nutritional content due to its perishability. Browning can be prevented by pre-treating dehydrated banana blossoms with natural antioxidants such as citric acid, ascorbic acid, and others. The nutritional makeup of food products has been discovered to be considerably affected by different drying techniques (Chan et al., 2005). In this study, three different drying methods were used to dehydrate banana florets pre-treated with three different compounds, including oven drying at three different temperatures, sun drying, and solar dryer drying, and the nutrient and phytochemical composition of two Musa species – Musa balbisiana (bhimkal) and Musa sp. (wild banana) – in fresh and across storage was evaluated.
.
	
2. MATERIALS AND METHODS 
[bookmark: _Hlk200461214]The present investigation was conducted at the Department of Biochemistry, Assam Agricultural University, Jorhat, to study the effect of various drying methods and chemical treatments on the quality of banana blossom from two species, namely Musa balbisiana (Bhimkal) and wild hill banana. The banana flower's bracts (the reddish-purple fibrous skin) were removed, and the florets were collected in three different solutions to prevent browning: 1% citric acid, 1% ascorbic acid, and 5% salt solution (Fig. 1a-1c). The cleaned florets were cut and left in the solutions for 30 minutes. The florets were then rinsed in cold water and the surplus water was fully drained. Florets were spread out separately on an aluminium tray to dry in the sun while being protected by a net. The electrical tray drier was used for oven drying, with temperatures adjusted at 50oC, 60oC, and 70oC. The slices were solar dried in a solar cabinet drier constructed by Rajasthan Agricultural University in Udaipur, India, with a maximum temperature rise of 210C over ambient (Fig. 2a-2e). The solar dryer consisted of a solar collector and drying chamber with trays, allowing efficient airflow and drying of banana blossoms under natural conditions The average ambient temperature, bright sunshine hours (BSSH) and relative humidity during the drying period were collected from Department of Agricultural Meteorology, Assam Agricultural University, Jorhat.  The weights of the drying slices were measured at regular intervals until they reached a constant weight. 
The weights of the drying slices were measured at regular intervals until they reached a constant weight, and the final moisture content of the samples was expressed on a wet basis (% w.b.) for quality evaluation. Although drying curves (moisture content vs. time) were not constructed in the present study, moisture loss generally followed a typical falling-rate trend indicative of diffusion-controlled drying.
The samples were allowed to cool before being placed in a clear zip lock polyethylene bag and stored at room temperature for subsequent examination.  For the estimate of various parameters, the following methods were used: crude fat (AOAC, 2000b) Crude protein (AOAC, 1984), crude fibre (AOAC, 1984) and rehydration ratio (Ranganna, 1986). Analyses of variance in factorial completely randomized design with 3 replications were used to interpret the results.




3. Result and discussion
3.1 Moisture content: The quality and chemical characteristics of fresh florets of Musa balbisiana (bhimkal) and Musa sp. (wild banana) are presented in Table 1. Tables 2(a)–2(c) show the effects of various drying processes and treatments on moisture content.
In the case of bhimkal florets, the lowest final moisture content (11.51 %) was recorded in 1 % citric acid–treated samples oven-dried at 70 °C. The average moisture content in Musa baxijiao and Musa paradisiaca was reported as 90.58 % and 89.42 % by Sheng et al. (2010). The moisture content (88.75 %) in Musa acuminata was reported by Wickramarachchi and Ranamukhaarachchi (2005). For banana florets, oven drying at 50 °C was the best option. The optimal temperature for dehydrating banana blossoms, according to Wickramarachchi and Ranamukhaarachchi (2005), is 50 °C. It took two days to lower the moisture content of bhimkal and wild banana florets to a safe level. The average moisture content in the sun-dried product was 12.77 % and in the solar-dried product 12.64 % after drying for 14.7 BSSH.
For wild banana florets, both sun drying and solar drying were completed in two days with 10.7 BSSH. The average moisture content in the sun-dried product was 13.09 % and in the solar-dried product 12.87 % for different treatments. The average ambient temperature and relative humidity during the experimental period were 21.5 °C and 71 %, respectively. The drying was done in the month of March.
Food scientists have found that by reducing the moisture content of food to between 10 and 20 %, bacteria, yeast, mould, and enzymes are all prevented from spoiling it. In vegetables, moisture content above 15 % promotes enzymatic reactions and interactions of other constituents of the dried product leading to loss of vitamins (Ukegbu and Okereke, 2013). All the drying methods used in the study were found effective for safe storage of banana blossom florets, with moisture content ranging from 11.51–13.32 % for bhimkal and 11.15–13.41 % for wild banana florets. With this range of moisture content, the product can easily be preserved. Solar-dryer drying was found to be more effective than sun drying in reducing moisture content and browning of the treated banana florets.
Although tabular data were used in this study to present the drying results, the overall trend followed the typical falling-rate pattern of moisture removal, indicating diffusion-controlled drying. In future work, we intend to include graphical representations such as drying curves (moisture content vs. time) and drying-rate plots to provide clearer visual interpretation of the drying behaviour.”
[bookmark: _Hlk200462387]3.2 Fat content: The fat content of fresh florets of Musa balbisiana (bhimkal) and Musa sp. (wild banana) were found to be 6.56±0.05 and 7.86±0.05 % respectively (Table 3). Sheng et al. (2010) found that banana flowers grown in China have a very low fat content (0.4–0.6%). Fingolo et al. (2012), on the other hand, found 4.04 percent crude fat concentration in banana inflorescence. Citric acid treated bhimkal flowers dried at 50°C had the highest fat content (6.54%), whereas ascorbic acid treated florets dried at 70°C had the lowest value (4.18%) (Table 3). For the same treatments and drying temperatures as the bhimkal florets, the highest and lowest fat levels in wild banana flowers were observed. Treatments, drying processes, and their interactions, on the other hand, have a big impact on the crude fat content of wild banana florets. In Musa species, drying resulted in a reduction of crude fat content. Abano and Sam-Amoah (2011) found that dried foods are high in fibre and carbohydrates and low in fat, making them healthy food choices. Higher the temperature, greater was the loss of fat. This might be because of volatilization of low molecular weight fatty materials. Oven drying at 500C was found best in retaining the fatty materials in both the Musa species.
[bookmark: _Hlk200462449]3.3 Crude protein: The crude protein of fresh florets of Musa balbisiana (bhimkal) and Musa sp. (wild banana) were found to be 13.54±0.04 and 14.53±0.05% respectively (Table 4). The crude protein content of Musa acuminata inflorescence, on the other hand, was found to be 14.50 percent Fingolo et al. (2012). The protein level of plantain (Musa paradisiaca) bract flour was reported to be 11.47 percent (Adeolu A T & Enesi D O, 2013) whereas ready-to-cook goods made from banana blossoms included 17.38-18.12 per cent protein (Elaveniya E & Jayamuthunagai J, 2014). The crude protein content of both Musa species was shown to be affected by drying. The maximum crude protein content was obtained by oven drying florets of both species at 50°C and treating them with 1% citric acid (Table 4). Drying caused decrease in crude protein content. Sun dried vegetables showed a higher protein content than sunlight dried samples, according to Elegbede (1998). In the current study, however, crude protein content was shown to be highest in florets oven dried at 500C for both species. In the case of wild banana blossoms, solar dried florets had a higher crude protein content than bhimkal florets. The crude protein concentration in dried florets decreased as the drying temperature increased. Oven dried at 500C and citric acid treated florets were found best for retention of crude protein in both the Musa species.
3.4 Crude fibre: The crude fibre of fresh florets of Musa balbisiana (bhimkal) and Musa sp. (wild banana) were found to be 14.63±0.03 and 14.18±0.04% respectively (Table 5). The florets dried at 50°C had the highest average crude fibre content for both Musa species, with 14.20 percent in bhimkal florets and 13.69 percent in wild banana florets (Table 5). Of the different treatments, 1% citric acid was found better over the other two. Drying caused decrease in crude fibre content. Banana flowers, according to Sheng et al. (2010), can supply 4.96-5.74g/100g dietary fibre. According to Wickramarachchi and Ranamukhaarachchi (2005), crude fibre content fell from 21.31g/100g dry weight in fresh blooms to 17.41g/100g dry weight in processed product. Plantain (Musa paradisiaca) bract flour contained 8.47 percent crude fibre, according to Adeolu and Enesi (2013). The fibre content of dried banana inflorescences was found to be as high as 49.83 percent (Fingolo et al.,2012). The crude fibre content of dehydrated banana blossom powder was found to be nearly identical to that of fresh samples (16%) (Elaveniya and Jayamuthunagai, 2014). The diversity in crude fibre content in banana flowers could be attributable to differences in the species' genetic makeup as well as the way the blooms were sampled for the study.
3.5 Rehydration ratio: In Musa florets, samples dried at 500C had the highest average rehydration ratio. Bhimkal florets had a rehydration ratio of 3.83 percent, while wild banana florets had a rehydration ratio of 3.89 percent (Table 6). The rehydration ratio decreased with increase in drying temperature. The rehydration ratio was observed to decrease as the drying temperature was raised. Higher drying temperatures may cause plant tissue cell and capillary distortion, resulting in textural changes and reducing water absorption and adsorption qualities, altering the rehydration ratio (Wickramarachchi K S & Ranamukhaarachchi, 2005).
4. Conclusion: Crude protein, crude fat, and crude fibre were found highest in products treated with 1 % citric acid and dried in an oven at 50 °C. The values of all studied parameters decreased with an increase in temperature. There were no significant effects of drying temperature, chemical treatment, or interaction between temperature and chemical treatment on rehydration ratio, which decreased with increasing temperature. With higher crude fibre, Musa balbisiana flowers were found superior to wild banana.
In the present study, simple and conventional dryers were employed; however, future research will utilize modern and automated drying systems such as hybrid solar, heat pump, or microwave-assisted dryers to achieve improved temperature control and energy efficiency. Future studies will also include detailed graphical representations and drying kinetics models to provide a more comprehensive understanding of moisture transfer mechanisms.
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	(a) 1% citric acid
	(b)1% ascorbic acid
	(c) 5% salt


Fig. 1(a-c). Representative photograph of treated with 1% citric acid, 1% ascorbic acid and 5% salt
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	(a) Dried at 500C
	(b) Dried at 600C
	(c ) Dried at 700C
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	(d) Sundried
	(e ) Solar dryer dried

	


Fig. 2(a-e) Representative photograph of florets oven dried at 500, 600 and 700C, sundried and solar dryer 








Table 1- Quality and chemical characteristics of Banana Blossom 
	Composition
	Musa balbisiana                  ( Bhimkal)
	Wild banana

	Moisture (%)
	88.52±0.05
	87.63±0.05

	Crude protein (%)
	13.54±0.04
	14.53±0.05

	Crude fat (%)
	6.56±0.05
	7.86±0.05

	Crude fibre (%)
	14.63±0.03
	14.18±0.04

	Rehydration ratio (%)
	3.92±0.04
	4.02±0.04



*Values represented in the table are mean ± SD of three replications















Table 2 a- Moisture content of oven dried (@500C; 600C; 700C) Banana blossom florets (% fresh basis)
	Time (hrs)
	                           Bhimkal
	                      Wild banana
	                           Bhimkal
	                      Wild banana
	                           Bhimkal
	                      Wild banana

	
	oven dried (@500C)
	oven dried (@600C)
	oven dried (@700C)

	
	Treatments
	Treatments
	Treatments
	Treatments
	Treatments
	Treatments

	
	1% citric acid
	1% ascorbic acid
	5% salt
	1% citric acid
	1% ascorbic acid
	5% salt
	1% citric acid
	1% ascorbic acid
	5% salt
	1% citric acid
	1% ascorbic acid
	5% salt
	1% citric acid
	1% ascorbic acid
	5% salt
	1% citric acid
	1% ascorbic acid
	5% salt

	1
	84.17±0.04
	83.28±0.04
	82.89±0.04
	84.54±0.05
	82.87±0.04
	84.92±0.05
	83.27±0.05
	82.04±0.04
	83.89±0.04
	82.90±0.04
	80.33±0.04
	82.64±0.04
	82.27±0.05
	83.95±0.04
	83.12±0.04
	82.68±0.04
	82.74±0.04
	84.03±0.04

	1.5
	78.32±0.04
	77.94±0.04
	77.31±0.05
	76.61±0.04
	77.72±0.05
	78.07±0.04
	76.12±0.04
	75.98±0.05
	77.56±0.04
	74.89±0.05
	77.71±0.05
	76.80±0.04
	71.93±0.05
	74.01±0.05
	72.45±0.04
	73.90±0.03
	74.89±0.04
	73.02±0.05

	2
	64.41±0.05
	62.23±0.04
	60.72±0.04
	62.32±0.04
	61.35±0.03
	62.84±0.05
	65.02±0.05
	66.23±0.05
	68.22±0.04
	66.01±0.03
	67.44±0.05
	65.25±0.04
	62.70±0.04
	59.97±0.05
	62.81±0.05
	64.02±0.04
	63.45±0.05
	62.55±0.05

	2.5
	48.02±0.05
	50.11±0.03
	47.65±0.04
	51.83±0.04
	53.16±0.05
	50.98±0.04
	51.60±0.04
	52.11±0.04
	49.96±0.05
	50.15±0.04
	52.07±0.04
	54.01±0.04
	48.06±0.05
	50.10±0.04
	50.78±0.05
	52.85±0.04
	48.17±0.04
	48.69±0.05

	3
	37.66±0.05
	39.76±0.04
	37.59±0.04
	39.12±0.05
	38.70±0.05
	35.81±0.05
	36.82±0.04
	35.67±0.04
	33.87±0.04
	37.56±0.04
	37.69±0.04
	36.77±0.04
	34.92±0.04
	36.12±0.03
	35.55±0.05
	35.90±0.04
	34.19±0.04
	36.78±0.04

	3.5
	29.42±0.05
	29.85±0.04
	27.02±0.05
	28.29±0.04
	24.03±0.05
	26.62±0.04
	27.57±0.05
	26.95±0.03
	25.40±0.04
	27.42±0.04
	25.99±0.04
	24.81±0.05
	22.86±0.05
	22.91±0.05
	24.89±0.04
	23.45±0.04
	25.07±0.04
	24.55±0.05

	4
	13.27±0.04
	13.11±0.04
	12.91±0.04
	12.77±0.04
	13.41±0.04
	12.63±0.04
	12.33±0.04
	12.35±0.04
	12.17±0.04
	12.12±0.05
	12.63±0.04
	12.07±0.04
	11.51±0.05
	11.72±0.04
	11.55±0.04
	11.31±0.03
	11.29±0.04
	11.15±0.04


*Values represented in the table are mean ± SD of three replications






Table 2 b- Moisture content of sun and solar dryer dried Bhimkal florets (%fresh basis)
	Duration of days
	Duration of drying
BSSH
	Sun dried
	                Solar dryer dried

	
	
	Treatments
	                    Treatments 

	
	
	1% citric acid
	1% ascorbic acid 
	5% salt
	1% citric acid
	1% ascorbic acid
	5% salt

	1
	8.1
	57.87±0.05
	56.56±0.05
	59.76±0.05
	55.94±0.04
	55.68±0.05
	54.04±0.04

	2
	6.6
	13.25±0.05
	12.51±0.04
	12.55±0.04
	13.17±0.04
	12.44±0.04
	12.33±0.05


	
*Values represented in the table are mean ± SD of three replications, BSSH-bright sun shine hours


Table 2 c- Moisture content of sun and solar dryer dried Wild Banana florets (%fresh basis)
	Duration of days
	Duration of drying
BSSH
	Sun dried
	Solar dryer dried

	
	
	Treatments
	Treatments

	
	
	1% citric acid
	1% ascorbic acid
	5% salt
	1% citric acid
	1% ascorbic acid
	5% salt

	1
	6.1
	57.77±0.05
	56.27±0.05
	54.56±0.05
	54.67±0.04
	54.52±0.04
	56.92±0.04

	2
	4.6
	13.32±0.04
	13.21±0.04
	12.75±0.04
	13.07±0.05
	13.24±0.04
	12.32±0.05



*Values represented in the table are mean ± SD of three replications, BSSH-bright sun shine hours.





Table 3- Crude fat content in banana blossom florets (% dry basis)
	        Bhimkal
	Wild banana

	Drying methods

Treatments
	Oven dried
	Sun
dried

	Solar dryer dried
	Mean
	Oven dried
	Sun
dried

	Solar dryer dried
	Mean

	
	50°C
	60°C
	70°C
	
	
	
	50°C
	60°C
	70°C
	
	
	

	1%citric acid
	6.54
	5.47
	5.38
	5.23
	6.12
	5.74
	7.84
	6.52
	4.48
	4.94
	6.88
	6.39

	1% ascorbic acid
	5.30
	4.87
	4.18
	4.32
	4.74
	4.68
	7.33
	6.26
	4.43
	5.13
	6.04
	6.17

	5% salt
	5.49
	5.43
	4.77
	5.17
	4.67
	5.16
	6.38
	5.90
	4.82
	4.75
	5.57
	5.61

	Mean
	5.77
	5.25
	4.87
	4.90
	5.17
	
	7.18
	6.22
	4.57
	4.94
	6.16
	

	
	S.Ed(±)
	
	C.D0.05
	
	
	
	S.Ed(±)
	
	C.D0.05
	
	
	

	Effect of treatments
	0.10
	
	0.20
	
	
	
	0.11
	
	0.23
	
	
	

	Effect of drying methods
	0.12
	
	0.26
	
	
	
	0.14
	
	0.30
	
	
	



	Interaction of
treatments and 
drying method
	0.22
	
	0.45
	
	
	
	0.25
	
	0.52
	
	
	



Table 4- Crude Protein content in banana blossom florets (% dry basis)
	            Bhimkal
	                                               Wild banana

	Drying
methods
Treatments
	Oven dried
	Sundried

	Solar dryer dried
	Mean
	Oven dried
	Sundried

	Solar dryer dried
	Mean

	
	500C
	600C
	700C
	
	
	
	500C
	600C
	700C
	
	
	

	1% citric acid
	13.52
	12.66
	12.15
	12.23
	11.30
	12.37
	14.50
	13.15
	12.11
	13.03
	13.45
	13.24

	1% ascorbic  acid
	13.30
	12.52
	12.19
	12.28
	12.83
	12.62
	14.26
	13.16
	12.15
	11.84
	12.85
	12.58

	5% salt
	12.17
	12.05
	11.98
	11.75
	12.07
	12.00
	14.44
	13.10
	12.08
	12.13
	13.86
	13.12

	Mean
	12.99
	12.41
	12.10
	12.08
	12.06
	
	14.40
	13.13
	12.21
	12.33
	13.38
	

	
	S.Ed(±)
	
	C.D0.05
	
	
	
	S.Ed(±)
	
	C.D0.05
	
	
	

	Effect of  treatments
	0.08
	
	0.17
	
	
	
	0.09
	
	0.19
	
	
	

	Effect of drying methods
	0.11
	
	0.22
	
	
	
	0.12
	
	0.25
	
	
	

	Interaction of  treatments and 
drying method
	0.19
	
	0.39
	
	
	
	0.21
	
	0.43
	
	
	








Table 5- Crude Fibre content in banana blossom florets (% dry basis)
	        Bhimkal
	Wild banana

	Drying methods

Treatments
	Oven dried
	Sundried

	Solar dryer dried
	Mean
	Oven dried
	Sundried

	Solar dryer dried
	Mean

	
	500C
	600C
	700C
	
	
	
	500C
	600C
	700C
	
	
	

	1% citric acid
	14.56
	13.61
	12.86
	13.27
	12.98
	13.45
	14.14
	14.10
	12.74
	12.61
	13.86
	13.49

	1% ascorbic acid
	14.53
	12.89
	12.49
	13.03
	13.04
	13.19
	13.92
	13.57
	13.05
	12.86
	12.90
	13.26

	5% salt
	13.51
	12.88
	12.34
	12.73
	12.21
	12.73
	13.01
	12.86
	12.73
	12.79
	13.69
	13.01

	Mean
	14.20
	13.12
	12.56
	13.01
	12.74
	
	13.69
	13.51
	12.84
	12.75
	13.48
	

	
	S.Ed(±)
	
	C.D0.05
	
	
	
	S.Ed(±)
	
	C.D0.05
	
	
	

	Effect of treatments
	0.18
	
	0.37
	
	
	
	0.14
	
	0.30
	
	
	

	Effect of drying methods
	0.23
	
	0.48
	
	
	
	0.19
	
	0.38
	
	
	

	Interaction of treatments and 
drying method
	0.41
	
	NS
	
	
	
	0.32
	
	0.67
	
	
	


NS: Non-significant









Table 6- Rehydration Ratio in banana blossom florets (% dry basis)
	      Bhimkal
	Wild banana

	Drying methods

Treatments
	Oven dried
	Sundried

	Solar dryer dried
	Mean
	Oven dried
	Sundried

	Solar dryer dried
	Mean

	
	500C
	600C
	700C
	
	
	
	500C
	600C
	700C
	
	
	

	1% citric acid
	3.85
	3.77
	3.57
	3.79
	3.81
	3.75
	3.94
	3.75
	3.56
	3.85
	3.88
	3.79

	1% ascorbic acid
	3.83
	3.72
	3.56
	3.80
	3.80
	3.74
	3.87
	3.72
	3.57
	3.84
	3.91
	3.78

	5% salt
	3.81
	3.55
	3.53
	3.81
	3.83
	3.70
	3.88
	3.54
	3.52
	3.87
	3.88
	3.74

	Mean
	3.83
	3.68
	3.55
	3.80
	3.81
	
	3.89
	3.67
	3.54
	3.85
	3.88
	

	
	S.Ed(±)
	
	C.D0.05
	
	
	
	S.Ed(±)
	
	C.D0.05
	
	
	

	Effect of treatments
	0.01
	
	0.02
	
	
	
	0.02
	
	0.04
	
	
	

	Effect of drying methods
	0.01
	
	0.03
	
	
	
	0.02
	
	0.05
	
	
	

	Interaction of treatments and 
drying methods
	0.03
	
	0.06
	
	
	
	0.04
	
	0.09
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