


Studies on drying rate and characteristics of Babul gum (Acacia nelotica)

Abstract
The present study aimed to investigate the drying kinetics and behaviour of Babul gum (Acacia nilotica) using a conventional tray dryer, in order to identify optimal drying conditions for improved shelf life and product quality. Fresh exudate gum samples were collected from the field in the form of grits, cleaned, and uniformly spread in a thin layer for drying. Drying was performed at four different temperatures (50°C, 60°C, 70°C, and 80°C) with a constant airflow rate of 1.5 m/s. Drying attributes such as moisture content, drying rate, moisture ratio, and drying time were measured and analysed. The drying process for all conditions occurred exclusively in the falling rate period, indicating moisture movement controlled by internal diffusion. The drying time decreased significantly with increasing temperature, ranging from 2165 minutes at 50°C to 3395 minutes at 80°C. Moisture loss followed a nonlinear trend, with the fastest reduction occurring in the early stages of drying. Sensory evaluation showed that samples dried at 70°C had superior texture, appearance, and overall acceptability, making them the most suitable for storage and value-added applications. Based on the results, conventional tray drying at 70°C is recommended for effective moisture removal while retaining product quality.
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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” (Hasalkar and Jadhav, 2004; Prasad and Giri, 2011). 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” (Verma, 2016; Ali et al., 2012). “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” (Baishya et al., 2009).
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)
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” (Kipo et al., 2023).
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 (Jourdes 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 (Zachariah et al., 2012), which contribute to its ability to scavenge free radicals, further supported by its tannin content Babul gum has traditionally been used for its anti-inflammatory and antimicrobial properties, showcasing its broad medicinal potential (Rather and Mohammad, 2015; 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 (Raj et al., 2015). Gum production per tree is highly variable and influenced by environmental factors such as temperature, humidity, season, tree girth, and tapping methods. Maximum yields can reach up to 1 kg per year, but average yields are often much lower, sometimes just a few grams per tree (Raj et al., 2022; ).This variability poses challenges in ensuring consistent quality for therapeutic use.
[bookmark: _GoBack]“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 conventional tray dryer is 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 the present research work is to study the drying kinetics of babul gum using a conventional  tray dryer, which provides hygienic and controlled drying conditions over traditional sun or open-air drying methods” (SETHI, I. B. et al., 2017).
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
2.2.1	Drying setup
The conventional tray dryer (Shri Rudran instrument Co.) 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, similar setup was also used by Tikhomirov et al., 2024. 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 (Singh and Singh, 2014).
2.2.2	Drying procedure
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 (Wichchukit, S., and O'Mahony, M. 2015).
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
3.1	Effect of temperature on drying behaviour of babul gum grits
3.1.1	Moisture reduction at different temperatures
The moisture content versus drying time curves for Babul gum grits at different drying air temperatures are presented in Figure 3. The initial moisture content (IMC) of the samples was 33.36% (dry basis). The drying process was conducted at four temperatures: 50°C, 60°C, 70°C, and 80°C. The final moisture contents achieved were 14.90%, 13.54%, 12.21%, and 10.97% (db), respectively.
A clear trend was observed in which higher drying temperatures resulted in lower final moisture contents and shorter drying durations. This indicates that the drying rate increased with increasing temperature, reducing the overall drying time.

Fig.3. Moisture content (%db) versus drying time (min)
3.1.2	Drying kinetics and moisture- time relationship
The moisture-time relationship exhibited a nonlinear pattern, characterized by a steep moisture loss in the initial phase of drying followed by a slower, gradual decrease. This behavior indicates that moisture removal occurred predominantly in the falling rate period, which is typical of drying governed by internal diffusion rather than surface evaporation.
Table 1 presents the predicted R² values for moisture content regression models at each drying temperature. The values ranged from 0.713 to 0.744, indicating a reasonably good model fit for describing moisture content changes during drying.

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



3.1.3      Drying Rate Behaviour with Moisture Content
The drying rate versus moisture content curves are shown in Figure 4. The drying rate decreased nearly linearly with decreasing moisture content across all drying temperatures. Importantly, no constant rate drying period was observed, suggesting that the entire drying process occurred in the falling rate phase.
As temperature increased, drying rates improved, especially during the early drying stages. At 70°C, for instance, the drying rate decreased from 0.2777 to 0.0003 g water/g dry matter-min as the moisture content dropped from 33.36% to 12.21% (db), highlighting the impact of temperature on drying kinetics.


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 

3.3       Identification of Optimal Drying Temperature
Across all temperatures, the drying process followed a consistent pattern initial rapid drying followed by a slower decline. The temperature of 70°C offered the best results in terms of drying efficiency. Which is further supported by sensory evaluation results discussed in Section 3.2. Therefore, 70°C can be considered an optimal drying condition for Babul gum under the studied parameters.
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 conventional tray 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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mc (db)% 50°C	33.360361053855975	32.420421829463805	31.707832525772627	31.204657221533587	30.584656051859454	30.129471455828195	29.58024446189479	29.170626800928996	28.757131102937226	28.409077279773495	28.045026553874429	27.654314323415235	27.293656879914113	26.959660940973112	26.544226224467689	26.153513994008591	25.763771272806029	25.327492107280847	24.747725571760324	24.344409720964052	23.900374481385082	23.456339241805754	23.057386182664736	22.797072947234692	22.285026633296589	21.687808931155455	21.029996900469129	20.265538851542825	19.549556265453628	18.885927179226929	18.275136347491689	17.685674719404311	17.291084451918195	16.939152591727556	16.625031592549689	16.359870810836131	16.092771010608978	15.860573543624024	15.62449803961195	15.432050452152497	15.250752221145374	15.115990434460906	14.983167666289924	14.925481865515026	14.902698397982075	33.360361053855975	32.420421829463805	31.707832525772627	31.204657221533587	30.584656051859454	30.129471455828195	29.58024446189479	29.170626800928996	28.757131102937226	28.409077279773495	28.045026553874429	27.654314323415235	27.293656879914113	26.959660940973112	26.544226224467689	26.153513994008591	25.763771272806029	25.327492107280847	24.747725571760324	24.344409720964052	23.900374481385082	23.456339241805754	23.057386182664736	22.797072947234692	22.285026633296589	21.687808931155455	21.029996900469129	20.265538851542825	19.549556265453628	18.885927179226929	18.275136347491689	17.685674719404311	17.291084451918195	16.939152591727556	16.625031592549689	16.359870810836131	16.092771010608978	15.860573543624024	15.62449803961195	15.432050452152497	15.250752221145374	15.115990434460906	14.983167666289924	14.925481865515026	14.902698397982075	mc (db)% 60°C	33.360361053855975	32.420421829463805	31.707832525772627	31.204657221533587	30.584656051859454	30.129471455828195	29.58024446189479	29.170626800928996	28.757131102937226	28.409077279773495	28.045026553874429	27.654314323415235	27.293656879914113	26.959660940973112	26.544226224467689	26.153513994008591	25.763771272806029	25.327492107280847	24.747725571760324	24.344409720964052	23.900374481385082	23.456339241805754	23.057386182664736	22.797072947234692	22.285026633296589	21.687808931155455	21.029996900469129	20.265538851542825	19.549556265453628	18.885927179226929	18.275136347491689	17.685674719404311	17.291084451918195	16.939152591727556	16.625031592549689	16.359870810836131	16.092771010608978	15.860573543624024	15.62449803961195	15.432050452152497	15.250752221145374	15.115990434460906	14.983167666289924	14.925481865515026	14.902698397982075	33.360361053850795	32.115850445725712	31.362747063705768	30.828693056636887	29.899187080630668	29.412141457123589	28.829625198959278	28.387649468970789	27.943250626427819	27.564275822863287	27.165916118860633	26.744779156843229	26.352234922971789	25.986344927202989	25.533707501973566	25.110632049912649	24.68755659785149	24.217472762227903	23.60781764345035	23.155664840731689	22.686550250130079	22.211135566885993	21.780306154649526	21.213782439346527	20.671974472102235	20.04196520786423	19.353801242312233	18.557081834306928	17.810763167440911	17.117752976779119	16.472720414701488	15.855795958259936	15.432720506198496	15.045507119947874	14.758610593464089	14.456690769141026	14.203233195912951	13.981760708407823	13.778219253807926	13.651926627453795	13.570025423102868	13.54133577045438	mc (db)% 70°C	33.360361053855975	32.420421829463805	31.707832525772627	31.204657221533587	30.584656051859454	30.129471455828195	29.58024446189479	29.170626800928996	28.757131102937226	28.409077279773495	28.045026553874429	27.654314323415235	27.293656879914113	26.959660940973112	26.544226224467689	26.153513994008591	25.763771272806029	25.327492107280847	24.747725571760324	24.344409720964052	23.900374481385082	23.456339241805754	23.057386182664736	22.797072947234692	22.285026633296589	21.687808931155455	21.029996900469129	20.265538851542825	19.549556265453628	18.885927179226929	18.275136347491689	17.685674719404311	17.291084451918195	16.939152591727556	16.625031592549689	16.359870810836131	16.092771010608978	15.860573543624024	15.62449803961195	15.432050452152497	15.250752221145374	15.115990434460906	14.983167666289924	14.925481865515026	14.902698397982075	33.360361033169376	31.968564250691031	31.006985597428535	30.41706895005715	29.080924681481779	27.838179849282987	27.403122371032445	26.885795959186726	26.393150227419635	25.911151063529285	25.518195921883891	25.035712823090186	24.650500639900873	24.124463399791807	23.583908112577621	23.182726077572184	22.764606320944889	22.326645233273489	21.811738495945288	21.239243505099829	20.55786316096593	19.821798172736056	19.411421374564487	18.77456304155297	18.173515891400765	17.581179569511626	16.801076505062859	16.41392858225953	15.824011934887892	15.271358275086094	14.734674467099918	14.227026753324028	13.73341315174974	13.543710669576097	13.329811442227237	13.117847954492396	12.905884466757552	12.740378729758909	12.587455300251793	12.41227086518327	12.311128470350711	12.219664773588599	mc (db)%80°C	33.360361053855975	32.420421829463805	31.707832525772627	31.204657221533587	30.584656051859454	30.129471455828195	29.58024446189479	29.170626800928996	28.757131102937226	28.409077279773495	28.045026553874429	27.654314323415235	27.293656879914113	26.959660940973112	26.544226224467689	26.153513994008591	25.763771272806029	25.327492107280847	24.747725571760324	24.344409720964052	23.900374481385082	23.456339241805754	23.057386182664736	22.797072947234692	22.285026633296589	21.687808931155455	21.029996900469129	20.265538851542825	19.549556265453628	18.885927179226929	18.275136347491689	17.685674719404311	17.291084451918195	16.939152591727556	16.625031592549689	16.359870810836131	16.092771010608978	15.860573543624024	15.62449803961195	15.432050452152497	15.250752221145374	15.115990434460906	14.983167666289924	14.925481865515026	14.902698397982075	33.360361002132045	31.923719714036729	30.918119298407429	30.284891649992865	28.904009304904989	27.616705011994831	27.138632683252986	26.578134090934789	26.042363377689789	25.517259592672293	25.08137011646653	24.555781471074926	24.12764976085283	23.558423681802989	22.974651791534374	22.530519688970713	22.069417473318428	21.588435982332456	21.030361691884735	20.414589016933189	19.689722757836929	18.910067276481186	18.456722826812229	17.776463722121829	17.132084285105762	16.496432334820753	15.672654559433576	15.242583407715513	14.60935575930092	14.013462359682586	13.43356935240552	12.882767967567126	12.346027533574009	12.113779414438783	11.857288276604839	11.602736580266576	11.348184883928322	11.140179783491771	11.023328433363398	10.9738726752177	Moisture content (% db)

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	7.124999999999984	6.375	7.124999999999984	7	7.75	7.124999999999984	8.125	8.125	8.125	8.5	6.75	5.624999999999984	6.25	6.75	
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