


Development of a Microwave-Based Protocol for Efficient Dehydration of Ginger Slices


Abstract
	A two-stage dehydration process was employed to reduce the moisture content of ginger from 316% (on a dry weight basis) to 10%, utilizing a combination of a domestic microwave oven and a hot air oven. This hybrid approach demonstrated significant time savings of 30-50% compared to traditional hot air oven dehydration alone. The process involved an initial dehydration stage in the microwave oven, followed by a finishing stage in the hot air oven. Based on the observed time efficiency and product quality, the two-stage dehydration process with optimized energy level settings of the microwave oven is highly recommended.

Introduction
India holds the distinction of being the largest producer and exporter of ginger in the world, contributing approximately 50% of the global production (Parseglove, 1969). Among the Indian states, Kerala stands out as the primary ginger-producing region (Anonymous, 1994). Ginger is widely consumed in two forms: fresh ginger, which is used as a vegetable, and dried ginger, which serves as a spice and plays a vital role in various traditional Indian medicinal systems (Bhuyan and Prasad, 1990).Traditional drying methods, such as sun drying and hot air oven drying, are time-consuming and often result in nutrient degradation, loss of bioactive compounds, and uneven drying (Kumar et al., 2021). In recent years, microwave-assisted drying has emerged as a promising alternative due to its rapid heating, energy efficiency, and ability to preserve the nutritional and sensory qualities of food products (Zhang et al., 2020). Microwave drying operates on the principle of dielectric heating, where electromagnetic waves penetrate the material, causing water molecules to vibrate and generate heat, thereby facilitating faster moisture removal (Datta and Anantheswaran, 2001).Recent studies have highlighted the potential of microwave drying for ginger, emphasizing its ability to retain gingerol, shogaol, and other bioactive compounds responsible for its antioxidant, anti-inflammatory, and antimicrobial properties (Wang et al., 2022). However, optimizing the drying parameters, such as microwave power, slice thickness, and drying time, is crucial to achieving uniform drying and high product quality (Kumar et al., 2021). Additionally, combining microwave drying with other techniques, such as hot air drying or vacuum drying, has shown promise in further enhancing efficiency and product quality (Zhang et al., 2020).To enhance its shelf life and facilitate long-term storage, ginger is typically dehydrated (Feinberg et al., 1964). During this process, the moisture content is reduced to a bone-dry stage, resulting in a 60-70% reduction in weight and a final moisture content of 7-12%. The dehydrated product, locally known as Sonth, offers significant advantages, including reduced transportation costs and the ability to be stored for extended periods without compromising quality.
This paper explores the findings of a two-stage dehydration process designed to minimize dehydration time while maintaining high product quality. By combining the efficiency of modern drying techniques, this approach aims to optimize the dehydration process, making it more suitable for both small-scale and industrial applications. The study highlights the potential of this method to enhance the economic viability and storage capabilities of ginger, further solidifying India’s position as a global leader in ginger production and export.

Methods and Procedures 	Comment by HP: The methodology section is not framed properly. Give subheadings and include the protocols for analysis
The advent of microwave heating has revolutionized the dehydration of food materials, offering a faster and more energy-efficient alternative to conventional drying methods. Microwaves work by causing dipolar molecules, such as water, to vibrate at an extremely high frequency when exposed to electromagnetic radiation. This rapid vibration generates kinetic energy, which is converted into thermal energy, creating localized areas of high vapor pressure within the material (Beewar et al., 1974).	Comment by HP: Include this as introduction
When microwave energy is applied, the high absorption characteristics of water lead to the formation of thermal gradients within the material. These gradients arise because internal regions with higher moisture concentrations absorb more microwave energy, causing them to heat up faster than drier areas. As a result, vapor pressure gradients are established, driving moisture from the interior (high vapor pressure zones) to the surface (low vapor pressure zones), where it evaporates into the surrounding environment (Cassada, 1983). This unique mechanism enables rapid and uniform dehydration, making microwave heating particularly effective for drying food materials.	Comment by HP: Include this as intro
 The dehydration of the material depends upon the frequency of applied microwaves, electric field strength in material and complex dielectric permittivity of the material. Generally frequency of microwaves vary from 3 CHz –10 CHz (Farmer et al.,1980). Domestic microwave oven  (Model-Toshiba-ER 9610 F/FW) was used in this study. It had 5 variable power level settings	Comment by HP: Start the methodogolgy from procurement of sample, preparation of sampleand chemical used. 

	Low
	100 watts
	I energy level

	Medium low
	237 watts
	II energy level

	Medium
	375 watts
	III energy level

	Medium high
	512 watts
	IV  energy level

	High
	650 watts
	V  energy level



				
The experiment was conducted at three energy levels (I, II, III). At all energy levels, oven was used to partially dehydrate the ginger so as to reduce its moisture content upto 50%, 40% and 30% (db). 
Initially ginger slices of 100 g of known moisture content were taken in petri-dishes (Mantri and Agarwal, 1989). The initial moisture content as determined by standard hot air oven drying on an average was  316% on dry weight basis (db) that turned out to be 76 % on wet weight basis (wb).  Microwave oven was set at the desired energy level and drying was accomplished upto desired weight for the pre-decided moisture content. Since, it would have been difficult to measure the moisture content, the moisture content at each cut off percent moisture was calculated using the following formula :	Comment by HP: This is a part of result
W2 =W1 – W1 (M1-M2)/(M1+100)                               …………………..(1)
Where, 	M2 = Final moisture content (%)
			M1 = Initial moisture content (%)
		W2 = Final weight of the sample.
		W1 = Initial weight of the sample.
Initially weights were taken after every 10 minutes.  When the weight came nearer to the desired weight, the weights were taken after every minute. For the second stage of dehydration, the standard hot air oven was set at 65ºC and samples were dried up to 10% moisture level (Dash and Bhatnagar, 1990). The organoleptic qualities of dehydrated ginger were evaluated and the best method was recommended on the basis of time taken and the organoleptic qualities of the dehydrated ginger. 

Organoleptic quality analysis	Comment by HP: This part is also weak. LOOK other papers and see how they have done it.
The organoleptic qualities such as colour, texture, taste and overall acceptability were determined with the help of a 7 member consumer panel by serving the dried ginger in tomato soup as neutral carrier using a 5 point scale.
For aroma flavor (taste), pungency (Over all acceptability): 5- very strong, 4- strong, 3- medium, 2- weak, 1- very weak
For odd or burnt flavor (poor appearance in colour and texture): 5- no odd flavor and colour, 4- weak , 3- medium , 2-strong odd flavor and or colour, 1- very strong odd flavor and or colour
All the consumers reported their views under each head of colour, texture, taste and overall acceptability by scoring each of them out of 5 and as such overall acceptability was noted independently under a separate head. Lastly, as a pure mathematical exercise, mean of these four heads was determined to arrive at a single figure to discern the optimum method for dehydration.
Results and Discussion	Comment by HP: Divide your results and discussion under subheadings 
Dehydration of ginger was accomplished through hot air oven and through combined use of microwave and hot air oven. The time taken to dehydrate the ginger to a moisture level of 10% through hot air oven was quite high as it took more than 48 hours (Table 1).  
Table 1. Average time taken to dehydrate ginger by hot air oven
	Initial moisture content (% db)
	Final moisture content (% db)
	Time taken (hours)

	50
	10
	27.3

	40
	10
	25.7

	30
	10
	23.9

	316*
	10
	48.6


* Original moisture content
Microwave oven took about 373 minutes to dry the ginger to 30% moisture content on dry weight basis at first energy level. It reduced to only 27 minutes at the third energy level (Table 2). Although, there are significant difference in time at different energy level, yet with in the same energy level, there was not much difference in time to reduce the moisture content to either 50%, 40 % or 30%  level (db). The maximum difference is of 23 minutes in the case of first energy level (Table 2). The drying behaviour of ginger at 3 energy levels is depicted in Figure 1, which reveals a slow dehydration at 1st energy level. The total time required was minimum when the ginger was dehydrated to 30% (db) cutoff moisture level at the first stage of dehydration (Table 3). Without the use of microwave oven, dehydrating ginger with hot air oven at constant temperature (50ºC) upto moisture level of 10% (db) required 48.6 hours but with the combined use of microwave oven and hot air oven, maximum time required was 33.13 hours which is 31.83% lesser than hot air oven alone (Table 2 & Table 3). With the use of microwave oven at third energy level (E3), the time required was minimum to dehydrate upto 30% (db) at the first stage and is about 49.89% lesser than required by hot air oven alone.
Table 2. Time taken to dehydrate ginger by Microwave oven
	Energy level
	Cut off moisture level (db)
	Time taken (minutes)

	E1 (100 W)
	50
	350.0

	
	40
	360.0

	
	30
	373.0

	E2 (237 W)
	50
	42.0

	
	40
	45.0

	
	30
	49.0

	E3 (375 W)
	50
	22.0

	
	40
	23.2

	
	30
	27.0



Table 3. Time taken to dehydrate ginger by Microwave oven and hot air oven
	Energy level
	Cutoff moisture level in microwave oven (% db)
	Final moisture content (% db)
	Time taken (hours)

	E1M1*
	50
	10
	33.13

	E1M2
	40
	10
	31.70

	E1M3
	30
	10
	30.11

	E2M1
	50
	10
	28.00

	E2M2
	40
	10
	26.45

	E2M3
	30
	10
	24.71

	E3M1
	50
	10
	28.21

	E3M2
	40
	10
	26.08

	E3M3
	30
	10
	24.35

	Constant temperature (50º C
	-
	10
	48.60


EM represents energy level and cutoff moisture level i.e. M1 = 50% (db), M2 = 40% (db), M3 = 30% (db)


[bookmark: _GoBack]

Table 4. Organoleptic score of dehydrated ginger
	Organoleptic parameter
	Organoleptic score

	
	Hot air oven
	E1M1
	E1M2
	E1M3
	E2M1
	E2M2
	E2M3
	E3M1
	E3M2
	E3M3

	Colour
	4.60
	3.80
	3.80
	3.85
	4.10
	4.30
	3.70
	3.40
	3.60
	3.10

	Texture
	4.00
	3.80
	3.80
	4.00
	3.75
	3.80
	3.60
	3.55
	3.40
	3.30

	Taste
	3.20
	4.00
	4.00
	4.40
	3.80
	3.92
	3.00
	2.90
	3.10
	3.40

	Overall acceptability
	3.60
	3.80
	3.80
	4.40
	3.80
	3.40
	3.20
	3.30
	3.60
	3.70

	Mean
	3.85
	3.82
	3.82
	4.16
	3.86
	3.83
	3.35
	3.28
	3.50
	3.30














Fig.1. Drying behaviour of ginger in microwave oven at different energy levels
Ginger dehydrated with two stages was of better quality than that dehydrated by hot air oven at constant temperature (50ºC) as revealed by the mean score of 4.16 and score of 3.85 for two stage and one stage dehydration respectively. Burning of ginger was observed at 2nd and 3rd energy levels as revealed by the colour scores of  3.70 and 3.10 for 2nd and 3rd energy levels respectively as against a high score of 4.60 for hot air oven and 3.85 for first energy level given by the panel. The lowest scores were 2.90 for taste, 3.30 for texture and 3.20 for overall acceptability as given by the panel for 3rd and 2nd energy levels against the high scores of 4.10 (colour), 4.00 (texture), 4.40 (taste) and 4.40 (overall acceptability) for 1st energy level  (Table 4). Thus based on a saving of time by about 30 % and a better product quality, energy level I is recommended for two stage dehydration process for ginger. 

Conclusions
The use of microwave oven reduced the time required to dehydrate the ginger. There was burning of ginger at 2nd and 3rd energy levels of microwave oven. Keeping in view the saving of time and product quality 1st state of energy level  is recommended. However to further reduce the time it may be prudent to test a four stage dehydration process beginning with 3rd energy level to dehydrate up to 200% moisture level (db), followed by 2nd energy level up to 100% and 1st energy level up to 30% and finally hot air oven up to 10% moisture level consuming about 25.87 hours.

References
Anonymous, (1994) Agricultural Situation in India. Director of Economics and Statistics. Deparment of Agricultural Co-operation, Ministry of  Agriculture, Government of India.
Beewar, M. R., Mansoor, N. S. and Varsevel, G. W. (1974) Microwave drying : A rapid method for determinig corn moisture. Journal of Horticultural Science. 12(6) : 562-63.
Bhuyan, S. and Prasad, S. (1990) Drying characteristics of ginger and development of a small capacity dryer. International Congress on Mechanization and energy in Agriculture, Proceedings of a Conference, (Adna, Turkey: 1990:1-4 Oct).
Cassada, M.E., Walton, L.R. et al. (1983) Moisture content as a function of temperature used under microwave radiation. Transactions of American Society of Agricultural Engineers 26(3):907-911.
Dash, S. K. and Bhatnagar, S. (1990) Multistage dehydration process for garlic (Allium sativa). Indian Journal of Agricultural Engineering. 1(1) : 33-36, September 1991.
Datta, A.K., &Anantheswaran, R.C. (2001). Handbook of Microwave Technology for Food Applications. CRC Press, Boca Raton.
Farmer, G. S. and Bursewitz, G. H. (1980) Use of Home microwave oven for rapid determination of moisture in wet alfa-alfa.  Transactions of American Society of Agricultural Engineers 23(1):170-72.
Feinberg, B., Schwimmer, S., Reeve, R. and Julei, M. (1964) Vegetables in Food dehydration. Vol II. The AUI publishing Co. 271-73.
Kumar, C., Karim, M.A., &Joardder, M.U.H. (2021). Intermittent drying of food products: A critical review. Journal of Food Engineering, 294, 110-123.
Mantri, A. R. and Agarwal, Y. C. (1989) Process development for ginger (Zingiber officinale) dehydration. Indian Journal of Agricultural Engineering 1(1):23-25, September, 1991.
Parsegloveet al Ginger- propagation, cultivation, production, trade and markets.(1969) Spice Vol II.
Wang, Y., Li, X., Chen, J., & Zhang, H. (2022). Retention of bioactive compounds in ginger during microwave drying: A review. Food Chemistry, 367, 130-142.
Zhang, M., Tang, J., Mujumdar, A.S., & Wang, S. (2020). Trends in microwave-related drying of fruits and vegetables. Trends in Food Science & Technology, 95, 1-12.


E1	0	10	20	30	40	60	80	100	130	160	190	220	250	280	310	340	370	373	316	284.25	268.02999999999969	265.24	259.33999999999969	254.76	242.9	234.46	216.57	193.60999999999999	170.64	147.68	124.84	101.88	78.92	55.95	32.99	30.66	E2	0	5	10	15	20	25	30	40	49	316	274.10000000000002	252.89000000000001	203.88000000000017	167.48000000000016	124.64	97.6	55.41	30.58	E3	0	2	4	6	8	10	15	20	22	25	27	316	304.35000000000002	281.3	244.94	217.4	191.2	122.26	69.31	49.760000000000012	37.28	30	Time, min

Moisture content, %(db)






1


 

1

 

 

Development of a Microwave

-

Based Protocol for Efficient Dehydration of Ginger 

Slices

 

 

 

Abstract

 

 

A two

-

stage dehydration process was employed to reduce the 

moisture content of ginger from

 

316% (on a dry weight basis)

 

to

 

10%

, 

utilizing a combination of a

 

domestic microwave oven

 

and a

 

hot air oven

. 

This hybrid approach demonstrated significant

 

time savings of 30

-

50%

 

compared to traditional hot air oven dehydration alone. The process 

involved 

an initial dehydration stage in the microwave oven, followed by a 

finishing stage in the hot air oven. Based on the observed

 

time 

efficiency

 

and

 

product quality

, the two

-

stage dehydration process 

with

 

optimized energy level settings

 

of the microwave oven i

s highly 

recommended.

 

 

Introduction

 

India holds the distinction of being the

 

largest producer and exporter of ginger in 

the world

, contributing approximately

 

50% of the global production

 

(Parseglove, 1969). 

Among the Indian states,

 

Kerala

 

stands out as the

 

primary ginger

-

producing region 

(Anonymous, 1994). Ginger is widely consumed in two forms:

 

fresh ginger

, which is 

used as a vegetable, and

 

dried ginger

, which serves as a spice and plays a vital role in 

various traditional Indian medicinal systems (Bhuyan

 

and Prasad, 1990).

Traditional 

drying methods, such as

 

sun drying

 

and

 

hot air oven drying

, are time

-

consuming and 

often result in

 

nutrient degradation

,

 

loss of bioactive compounds

, and

 

uneven 

drying

 

(Kumar et al., 2021). In recent years,

 

microwave

-

assisted

 

drying

 

has emerged as a 

promising alternative due to its

 

rapid heating

,

 

energy efficiency

, and ability to preserve 

the

 

nutritional and sensory qualities

 

of food products (Zhang et al., 2020). Microwave 

drying operates on the principle of dielectric heatin

g, where electromagnetic waves 

penetrate the material, causing water molecules to vibrate and generate heat, thereby 

facilitating faster moisture removal (Datta and Anantheswaran, 2001).Recent studies 

