


Studies on drying characteristics of Babul gum (Acacia nelotica)


Abstract
The present study was undertaken to investigate the drying characteristics of babul gum (Acacia nelotica) under hot air drying. The fresh exudates of babul gum samples were obtained from fields in the form of grits. Drying of babul gum samples was done at five different temperatures in the range 50-80°C at constant air flow rate of 1.5 m/s. The drying of samples took place in the falling rate period for all the temperature range. Higher the drying air temperature lower was the drying time and also the final moisture content. In the drying study the moisture time relationship is non-linear and decreases in moisture being larger initially. There were significant reductions in drying time with the increase in drying temperature.	Comment by Ibrahim R. Kargbo: The Author leftout the key recommendations and conclusion of the research and they are very vital for a detailed academic abstract. The Author should immediately includes one or two recommendations and conclusion for a better outcomes. What is also not clear is the type of drying. Is it airdrying or kiln drying? The author should clarify that for the academic world to understand.
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1. Introduction
Gum is one of the important non-timber forest produce (NTFP) and viable source of income for thousands of forest dwellers, especially tribals in India. Gum production is a pillar of family economy and considered as an income-generating source that requires only a low input of work after the rainy season (Gaafar, 2005). The major commercially important gums in good quantity are sourced from the central Indian forests, comprising of Madhya Pradesh, Chhattisgarh, Andhra Pradesh, Orissa, Jharkhand and Bihar and to some extent Gujarat and Rajasthan. Gums are primarily categorized as Grade-I of Karaya (Sterculia urens) and Grade-II of Dhawada (Anogeisus latifolia), Babool (Acacia indica) and Khair (Acacia catechu) in the Chhattisgarh state. The above four gums are nationalized gums in the state of Chhattisgarh.
Acacia nelotica belonging to the family Leguminosae and sub family Mimosaceae. It is indigenously known as ‘Babul’ or ‘Kikar’ which is moderate sized with a spreading crown tree and is broadly scattered in tropical and subtropical countries. In India, natural babul forests are generally found in Maharashtra, Gujarat, Andhra Pradesh, Rajasthan, Haryana and Karnataka. However, scattered trees in groups occur naturally and also widely planted in almost all states and Union territories except north-eastern states and Kashmir.
Acacia nelotica has been recognized worldwide as a multipurpose tree and extensively used in traditional agro-forestry system. (National Academy of Sciences, 1980). It is estimated that, there are roughly 1380 species of acacia worldwide, about two-third of them are native to Australia and rest are spread over tropical and subtropical regions of the world (Maslin et al., 2003; Orchard and Maslin, 2003)
The babul tree, scientifically known as Acacia nilotica, is a versatile species thriving in diverse environments, particularly in regions with rainfall between 500 to 1250 mm. This medium-sized, thorny tree can reach heights of up to 15 meters and is characterized by its unique bark coloration, which varies from orange and green in younger trees to dark and rough in older specimens (Singhdoha et al., 2017). Its adaptability to alluvial and sandy loam soils makes it a valuable asset in agroforestry and land rehabilitation efforts. The bark, a tinge of orange and green (young tree), but older trees have dark, rough bark and tend to lose their thorns (Devi et al., 2023).
A gum in general, is any water-soluble or water-swellable polysaccharide. It exudes from the wounds in bark. Exudate gums are produced by some trees, shrub and herbaceous perennials and are generally produced either naturally or in response to injury. The gum exudes from trees and shrubs in tear-like, striated nodules or amorphous lumps. It occurs in the form of rounded or ovoid tears and size up to 1cm and color varies from pale-yellow to brown or almost black. Gum production increases at high temperature and limited moisture. It generally exudes between the month of March and May. 
Babul gum, derived from the acacia species, is rich in various polysaccharides and phenolic compounds, which contribute significantly to its medicinal properties. The gum contains substantial amounts of galactose, L-arabinose, and L-rhamnose, along with four aldobiouronic acids that are crucial for maintaining its structural integrity (Hongsing et al., 2012). Phenolic constituents such as m-digallic acid, gallic acid, and flavonoids like leucocyanidin and epicatechol are also present, contributing to its well-known antioxidant properties (Bhanu et al., 1964; Michael et al., 2012). Moreover, babul gum exhibits a high tannin content, including both condensed tannins and phlobatannins, which enhance its therapeutic potential (Jani et al., 2016).
In terms of its polysaccharide composition, babul gum contains elevated levels of galactose (42.57%), rhamnose (10.63%), and arabinose (21.42%), as reported by Hongsing et al. (2012). The phenolic compounds identified include gallic acid, protocatechuic acid, and various flavonoids (Bhanu et al., 1964), which contribute to its ability to scavenge free radicals, further supported by its tannin content (Michael et al., 2012). Babul gum has traditionally been used for its anti-inflammatory and antimicrobial properties, showcasing its broad medicinal potential (Jani et al., 2016). 
However, despite these benefits, the extraction and processing of babul gum can lead to variability in its chemical composition, potentially impacting its efficacy in medicinal applications. Furthermore, gum production per tree varies, with maximum yields reaching up to 1 kg per year, although the average yield is often only a few grams. This variability poses challenges in ensuring consistent quality for therapeutic use.
At the time of harvesting the initial moisture content of babul gum is higher and because of that quality of gum was lost during storage and transportation. Thus, to reduce these losses and to maintain the quality of gum, drying is important. There are two basic methods of drying, i.e. natural and mechanical. The natural (open sun drying) drying may results in contamination by dust and insects, therefore, most of the time mechanical dryers are used for drying of agricultural products. The advantage of mechanical drying is to get quality product through proper hygienic conditions with reduced product loss. Therefore, the aim of present research work is to study the drying kinetics of babul gum at different drying air temperatures with the help of mechanical hot air dryer.
2. Materials and Methods
2.1 Collection of material
The exudate Babul gum sample was obtained from Network Project on Harvesting, Processing and Value Addition of Natural Resin and Gums, Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh, India.
2.2 Experimental set-up
The laboratory model tray dryer was used for conducting the drying experiments. It mainly consisted of a fan, air-heating chamber, temperature control unit, drying chamber, plenum chamber, hot air inlet and outlet with a maximum attainable temperature of 100°C. Fresh air is heated by electric heaters vertically fitted at the inlet of the dryer, air supplied by the fan was heated to the required temperature in the heating chamber, which was provided, with 8 heating coils. Inlet temperature of the air varied by adjusting the control unit system. The blower is powered by 1hp single phase electric motor with a direct online starter.	Comment by Ibrahim R. Kargbo: Please, give a detail citation of the founder of this experimental method.
2.3 Drying procedure
[image: C:\Users\LENOVO-PC\Desktop\bank\IMG_20170608_093631.jpg][image: C:\Users\LENOVO-PC\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20170601_065639.jpg]The grits were dried in laboratory tray dryer at different air temperature i.e. 50, 60, 70 and 80°C at an inside constant air velocity. The dryer started about 30 minutes before each drying run at respective drying temperatures. A 25 g of the gum samples were weighed and uniformly spread onto pre-weighed petri dish in a thin layer. The loss in moisture was recorded using analytical balance at interval of 30 min. The weight of gum before drying i.e. at zero drying time, was considered as the initial weight. The gum containing dish were taken out, weighed and placed back after each drying interval in about 30 min to avoid any significant temperature variation in the dryer. Air velocity inside the dryer was kept constant during each drying run (Singh and Singh, 2014).
Fig:1 Babul Grits (before drying)    	Fig:2 Babul Grits (after drying)
2.4 Determination of initial moisture content (IMC)
Initial moisture content of gum sample was determined by drying at 105°C till their constant weight (Singh and Singh, 2014), using hot air oven. The moisture content was calculated as:

The amount of moisture loss was calculated by taking a difference between the mass of the original sample and that of dried sample.
2.5 Determination of equilibrium moisture content
The sample was allowed to dry under actual drying conditions till the weight of sample became constant and moisture content of the dried sample was assumed to be the equilibrium moisture content (EMC).
2.6 Dry matter
Dry matter, left after complete removal of moisture from the product. The initial moisture content of various samples was determined by oven drying method, as described earlier. The dry matter percentage and weight of dry matter in sample were calculated as follows (Quirino et al., 2023):

							
 
2.7 Drying rate
The drying rate of babul gum grits was calculated using the following equation (Doymaz, 2014):

Where,
Mt + Δt  = Moisture content at t + Δt (g water/ g dry matter).
t = Time (min).

2.8 Moisture ratio
The moisture ratio (MR) of the samples is defined according to the following equation (Doymaz, 2014):
Where,
Mt 	= Moisture content at any time (g water / g dry matter)
Mo 	= Initial moisture content (g water / g dry matter)
Me 	= Equilibrium moisture content (g water / g dry matter)
t 	= Drying time (min)

2.9 Sensory evaluation
The evaluation of organoleptic properties of prepared value-added products a 9-Point hedonic scale method was selected. A rating scale and test procedure have been derived from the theoretical basis. The scale has nine points; these points were given word descriptions from, “dislike extremely” to “like extremely”. The length of scale was determined experimentally. Replicate testing of products of varying hedonic value showed that responses were repeated more consistently when scale has 9, rather than 5, 7 or 11 points. The scale points were numbered from 1 to 9 and arithmetic mean of points checked is used as desired index. The panels of semi- trained judges consisting of 11 members were gave value added products samples for evaluation of organoleptic properties viz. appearance, colour, texture and overall acceptability. The following list was given to show us the details of the scale to judges.
Hedonic Scale
9. Like extremely
8. Like very much
7. Like moderately
6. Like slightly
5. Neither like nor dislike
4. Dislike slightly
3. Dislike moderately
2. Dislike very much
1. Dislike extremely
The semi-trained panel of judges was selected among the professors and students for the sensory evolution from Faculty of Agricultural Engineering, IGKV, Raipur.
3. Results and Discussion	Comment by Ibrahim R. Kargbo: The results were well explained and corroborated which is well accepted in the world of academia. Overall the work is good for publication.
3.1 Effect of temperature on drying behaviour of babul gum grits
The curves of moisture content against drying time for Babul gum grits at different drying air temperatures were presented in Fig.3. It shows the initial moisture content (IMC) of 33.36% (db) was reduced to final moisture content of 14.90, 13.54, 12.21, and 10.97 % (db) at 50, 60, 70, 80ºC drying temperatures respectively. The moisture time relationship is non-linear and decreases in moisture being larger initially. There were significant reductions in drying time with the increase in drying temperature. These are similar to the result found by Singh et al. (2014).

Fig.3. Moisture content (%db) versus drying time (min)
Table 1. Predicted R2 values of moisture content of Babul gum grits samples with different drying temperatures
	S. No.
	Drying temperature (°C)
	Drying time (min)
	R2

	1
	50
	2165
	0.716

	2
	60
	2615
	0.720

	3
	70
	3125
	0.744

	4
	80
	3395
	0.713



             In drying rate verses moisture content curve (Fig. 4.), it was observed that the drying rate falls almost linearly with decrease in moisture content for all samples. Constant rate drying period was absent throughout the drying process of babul gum grits under all drying air temperature. The drying rate decreased when moisture content decreases from 33.36 to 10.97 % (db) at temperature change from 50 to 80°C respectively.
All the drying curves showed an initial rapid drying period and a later slow drying period, which appeared as a common feature. The rate of moisture loss was higher at higher temperatures and the total drying time was reduced substantially with the increase in air temperature. The drying process enhanced with the increasing temperature, as the final moisture content resulting from the drying at higher temperature were less than that of drying at lower temperature of all the temperatures the initial drying rate was maximum at highest temperature (80°C) and minimum at lowest temperature (50°C). As drying time proceed the drying rate decreased continuously at all temperatures. However, for all the temperatures i.e. 50, 60, 70 and 80°C drying rate was highest during initial period of drying. The best result show at 70°C temperature the drying rate changed from 0.2777 to 0.0003 g water/g dry matter-min, when moisture content loose from 33.36 to 12.21 % (db), respectively.

Fig. 4. Drying rate versus moisture content (db)

3.2 Sensory evaluation
The nine-point hedonic scale was used for product quality evaluation on the basis of appearance, colour, texture and overall acceptability. The samples were analysed through a group of 11 untrained peoples from Faculty of Agricultural Engineering, IGKV, Raipur. Fig. 5 shows the average points given to the all-dried samples named by dying product at 50°C to 80°C by the judges. There were no more differences in points given by judges to all products. The samples dried at 70°C was found better sensory appearance than other sample and suitable for long duration storage.

Fig. 5 Sensory attributes of all dried samples of Babul gum grits at different temperature 

4.Conclusion
Drying is necessity in developing countries like India where farmers are using traditionally evolved methods based upon natural sources like sun drying and wind drying, having major drawback of contamination. The application of drying technology on this locally available plant based biocompatible gum may boost its industrial use. The use of preservatives to prevent deterioration upon storage can be exempted by proper drying of gums. The drying kinetics of babul gum in a hot air dryer at three air temperatures (50, 60, 70 and 80ºC) was investigated. The curve for moisture content versus drying time was shows that the drying time was reduced when the drying temperature increased from 50 to 80°C. The dimensionless moisture ratio was observed to decrease uniformly with decrease in drying time. However, for all the temperatures, drying rate was highest during initial period of drying. The best result show at 70°C on the basis of sensory evaluation. This methodology best suitable for drying of gum at farm and industrial level.
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Drying rate (g/gm dm-min)



appearance	color	texture	overall acceptability	appearance	color	texture	overall acceptability	appearance	color	texture	overall acceptability	appearance	color	texture	overall acceptability	Drying product at 50⁰C	Drying product at 60⁰C	Drying product at 70⁰C	Drying product at 80⁰C	6.375	6.25	7.1249999999999796	6.375	7.1249999999999796	7	7.75	7.1249999999999796	8.125	8.125	8.125	8.5	6.75	5.6249999999999796	6.25	6.75	
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