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Abstract

Ginger is considered a medicinal herb for long years ago due to the presence of various bioactive compounds like gingerol. Gingerol 
is further categorized as 6-gingerol, 8-gingerol, 10-gingerol. Ginger is used as spices and in dietary supplements. Ginger rhizome is 
also used to provide flavor in savory dishes like sweets, biscuits, cakes, curries, and beverages such as ginger wine, ginger beer, and 
soft drinks. It has antioxidants and anti-inflammatory properties. Different processing methods are being used which hadan enor-
mous effect on the quality of these bioactive components in ginger and drying is one of them. The objective of the study was to find 
the optimum drying condition in terms of maximum nutrients preserve in ginger. In the first phase, ginger was dried through vari-
ous drying techniques i.e., sun drying, oven drying, microwave having different treatments. Extraction was done through the Soxhlet 
extraction method of dried ginger. After extraction, the equal weight of 6-gingerol, 8-gingerol, and 10-gingerol was prepared and 
analyzed on high-performance liquid chromatography (HPLC) to check the concentration of gingerols preserve. The obtained data 
were subjected to statistical analysis to check the significance level. It was concluded that the optimum drying condition was oven 
drying at 70 °C in which maximum gingerol preserve. The quantity of 6-gingerol, 8-gingerol, 10-gingerol were 2.61mg/g, 2.27mg/g, 
2.44mg/g, respectively at optimum drying condition.
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Introduction
Ginger (Zingiber Officinale Roscoe), a rhizome of the plant is one 

of the most precious herbs as medicine in the world. It belongs 
to the Zingiberaceae family. It is also used as spices to enhance 
taste and flavor for making food products delicious [15]. In ancient 
times, fresh ginger has been used as food, medicine, and dietary 
supplements. Ginger has many functional health benefits such as 
food antioxidants, and good food for curing different diseases [5]. 

The rhizome ginger is a rich source of vitamins, minerals, carbo-
hydrates, other proximate compositions, and bioactive compounds 
which have to be efficient to care for different diseases such as in-
flammation [4]. The health-improving mode of ginger is indicated 
that it is a good source of phytochemicals that occur in ginger natu-
rally. They protect humans from various disorders that are related 
to inflammation and oxidative stress [14]. Oxidative stress is colli-
gated to an imbalance between the antioxidant's biological defense 
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system and the production of reactive oxygen and free radicals. The 
uncontrolled production of free radicals will be initiated and the 
chain reaction of oxidation will be propagated and tends to the de-
velopment of inflammation [12].

Fresh ginger has high contents of moisture, so it is a highly per-
ishable food. Because of high moisture, it can cause spoilage such 
as enzymatic reaction and other unfavorable changes such as shelf 
life of the product [2]. Different processing techniques are being 
used to preserve ginger and these techniques have a great effect on 
the quality of bioactive compounds that are present in ginger and 
drying is one of them [10]. Drying is an old technique to preserve 
different food items in which the amount of water contents reduces 
and enhances the shelf life of food. Some drying methods are shade 
drying, sun drying, freeze-drying, oven drying, vacuum drying, and 
microwave, etc. [9].

Despite, the increase in the shelf life of ginger, drying techniques 
are also telling about the main factor such as rhizomes, lipids, and 
other phenolic compounds that tend to alter of natural active sub-
stance present in ginger [7]. Since many complex reactions occur 
during the processing of drying, natural phytochemicals present in 
ginger degrade and change the final quality of ginger and making 
new components of phytochemicals that have a good therapeutic 
effect in dried ginger than fresh ginger when compared to each oth-
er. The Research work that had been conducted on leaves of green 
tea reported that the processing of drying increases the value of the 
final product as compared to the fresh product in terms of vitamin 
C, the activity of antioxidants, contents of phytochemicals or active 
substances [10].

Gingerol is an active component of ginger. It is further divided 
into three categories i.e., 6-gingerol, 8-gingerol, 10-gingerol [15]. 
They have many pharmacological effects. In the Series of gingerol, 
6-gingerol has a more convertible mechanism of kinetics in extrac-
tion by using ethanol [3]. In fresh ginger, there is the percentage of 
bioactive compounds like gingerol is 96% - 97%, and shogaol is 3% 
- 4%. However, the gingerol is changed over into shogaol [pungent 
constituents of ginger similar in chemical structure to gingerol] 
when applying heat. It is because of thermal degradation as at high 
temperatures they are not stable [8].

Different extraction methods can be used to get oils or extract 
from the rhizome of ginger. The old extraction technique includes 

steam distillation, hydro-distillation, maceration, Soxhlet extrac-
tion, empyreumatic distillation. The latest and new technologies 
are environmentally friendly i.e. supercritical fluid extraction and 
subcritical extraction methods although these extraction methods 
can be performed by use of water for extraction purposes. The best 
extraction method is supercritical fluid extraction due to higher 
yield and obtains the targeted components, but the disadvan-
tage is that it is costly [13]. For analysis of 6-gingerol, 8-gingerol, 
10-gingerol, there are many different modern techniques like high-
performance liquid chromatography (HPLC), gas chromatography 
(Separation process used to separate compounds from a mixture), 
and mass spectrometry (GC-MS) in which gingerol is quantifying 
[11].

Aim of the Study
Therefore, this research work aims to determine the natural ac-

tive constituents of fresh and dried ginger as directed to different 
treatments of drying. This research work has planned to meet the 
following objective: To find the optimum drying condition in terms 
of maximizing the gingerol preservation in ginger.

Materials and Methods
Procurement of raw material

The research work was done in the National Institute of Food 
Science and Technology in collaboration with the Department of 
Structure and Environmental Engineering, University of Agricul-
ture, Faisalabad. For Sampling, the ginger rhizome was procured 
from the local market of Faisalabad. Chemicals were purchased 
from the authenticated suppliers in the Faisalabad market.

Drying of ginger

Ginger was dried under different drying conditions, sun drying, 
oven drying, microwave following procedures as described by An., 
et al. [1] and Mustafa [9]. These methods are briefly described be-
low.

Sun drying

Sun rays were used as a source of energy for drying, during Jan-
uary and February following the method as stated by Mustafa [9]. 
Sun-drying was used to reduce the moisture contents from ginger. 
Ginger was washed, sliced, and placed into the solar tunnel dryer 
for 2 days. After two days, the dried ginger was transferred into a 
desiccator to avoid moisture contents. Then the dried ginger was 
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grinded (splitting into small particles) into the grinder and con-
verted into powder form.

Oven drying

Ginger was washed, sliced, and placed into a drying oven to re-
move the moisture contents. In oven drying, ginger was dried un-
der different ranges of temperature (60oC, 70ºC, 80oC, and 90oC) 
at a different time (8, 7, 6.5, and 6 hours) respectively following 
procedure as described by Mustafa [9]. After drying of ginger (re-
duction in moisture content), the dried ginger was packed into the 
plastic bags and placed into a desiccator to avoid moisture.

Microwave drying

Microwave drying is used to remove the moisture contents in 
ginger. Ginger was washed, sliced, and placed into the microwave 
oven. Ginger rhizome was dried through microwave under differ-
ent conditions of power (100W, 200W, 300W, 450W, 600W, 700W, 
and 800W) at a different time (180, 60, 45, 35, 20, 15, and 12 min-
utes) respectively, following the given method described by An., et 
al. [1]. After drying of ginger (reduction in moisture content), the 
dried ginger was packed into the plastic bags and placed into a des-
iccator to avoid moisture.

Treatment plan – at different drying techniques

Conditions Treatments
Temperature 

(°C Degree 
Celsius)

Power

(Watt)

Controlled To - -
Sun drying T1 - -
Oven drying T2 60 °C -

T3 70 °C -
T4 80 °C -
T5 90 °C -

Microwave T6 - 100 W
T7 - 200 W
T8 - 300 W
T9 - 450 W
T10 - 600 W
T11 - 700 W
T12 - 800 W

Table 1

Extraction of ginger

Extraction was done by the Soxhlet extraction technique using 
ethanol/methanol following the method described by Hu., et al. 
[6]. One gram of dried ginger was correctly weighed and extracted 
with ethanol (150ml) in a Soxhlet extraction apparatus at 85°C for 
8 hours. Then the extract was concentrated at less than 85ºC in a 
rotary evaporator under vacuum.

Preparation of standards, 6-gingerol, 8-gingerol, 10-gingerol

6-gingerol, 8-gingerol, 10-gingerol were used for preparing the 
standards followed by [11]. The standard of 6-gingerol, 8-gingerol, 
and 10-gingerol was used for making standard solutions. Then 
HPLC-grade methanol was added to prepare a stock standard of 5.0 
mg/mL for each standard. Different standard solutions were made 
from the stock solution by dilution with methanol. For determining 
standard curves, the solutions were prepared to contain 10, 20, 40, 
60, 80, and 100 mL, respectively. All the standards of ginger were 
capped properly with cork and stored at -20ºC until used. 

HPLC chromatographic analysis

The ginger extract was analyzed by high-performance liquid 
chromatography [6]. The ginger extract and standard were ana-
lyzed on an HPLC system having a UV detector set at wavelength 
280nm, consist of a C-18 column. The mobile phases with a flow 
rate of 0.4 mL/min. and consisted of 0.1% formic acid in water (A) 
and acetonitrile (B). The injection volume was set at 2µL. 

Statistical analysis

The obtained data were analyzed for all parameters using anal-
ysis of variance (ANOVA). Significant differences between samples 
were analyzed using ANOVA. All the experiments were run in trip-
licate, and data were reported as the mean ± standard deviation 
(SD) as stated by An., et al. [1].

Results and Discussion
This research was conducted to determine the gingerol con-

tents of dried ginger. Ginger was dried under different treatments 
i.e. sun drying, oven drying (60°C, 70°C, 80°C, and 90°C), micro-
wave drying (100W, 200W, 300W, 450W, 600W, 700W, and 800W). 
The main purpose of this study is to find the optimum drying 
method to preserve maximum gingerol i.e. 6-gingerol, 8-gingerol, 
10-gingerol. This research was conducted at the National Institute 
of Food Science and Technology in collaboration with the Depart-
ment of Structure and Environmental Engineering, University of 
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Agriculture, Faisalabad. The results obtained from the different 
drying techniques (Sun dring, oven drying, and microwave drying) 
are presented below in the form of a graph.

Gingerol contents

The samples of dried ginger powder were subjected to deter-
mine gingerol contents i.e. 6-gingerol, 8-gingerol, 10-gingerol, and 
the results which found statistically and graphically are given be-
low:

6-gingerol

Comparative evaluation of 6-gingerol of ginger is graphically 
represented in figure 1. The value of 6-gingerol content in fresh 
ginger (Controlled T0) was 5.85mg/g (mg/g fresh weight FW). 
After drying, the 6-gingerol content was lost due to temperature 
but the condition in which maximum preserve of 6-gingerol con-
tent was oven drying at 70 °C (T3). In this condition (T3), the value 
of 6-gingerol content was 2.61mg/g (mg/g Dry weight DW). The 
6-gingerol was also lost in other treatments but the maximum pre-
serve of 6-gingerol content was T3 when compared to other treat-
ments (other than T 3). The minimum preserve of 6-gingerol was 
sun drying (T1) and microwave drying at 700W (T11). In T1 and T11, 
the value of 6-gingerol content was 1.51mg/g. The reason for loss 
of maximum 6-gingerol content in sun drying (T1) was longer dry-
ing time and in microwave drying at 700W(T11) was high power 
as well as the high temperature of a microwave. The conditions 
in which the value of the content of 6-gingerol came close to each 
other were oven drying at 90 ºC (T5) and microwave at 300W (T8). 
The value of 6-gingerol content was 1.82 mg/g and 1.83mg/g in T5 
and T8, respectively. 

Figure 1: Effect of treatment on 6-gingerol content (mg/g dry 
weight DW).

An., et al. (2016) also studied the concentration of gingerol 
content of fresh and dried ginger and found similar results for the 
6-gingerol. The quantity of 6-gingerol was 5.91 mg/g in fresh gin-
ger and 2.50 mg/g in dried ginger by oven drying. The 6-gingerol 
content was lessened significantly after drying, particularly in the 
microwave, only 2.12 mg/g. It can result that a long drying time 
and the high temperature would increase the reduction of 6-gin-
gerol. The 6-gingerol content was being slightly varied from this 
study due to some differences in terms and conditions.

8-gingerol

Comparative evaluation of 8-gingerol of ginger is graphically 
represented in figure 2. The value of 8-gingerol content in fresh 
ginger (Controlled T0) was 2.6367mg/g (mg/g fresh weight FW). 
After drying, the 8-gingerol content was lost due to temperature 
but the condition in which maximum preserve of 8-gingerol con-
tent was oven drying at 70 °C (T3). In this condition (T3), the value 
of 8-gingerol content was 2.27mg/g (mg/g Dry weight DW). The 
8-gingerol was also lost in other treatments but the maximum pre-
serve of 8-gingerol content was T3 when compared to other treat-
ments. The minimum preserve of 8-gingerol was sun drying (T1) 
and microwave drying at 800W(T12). In T1 and T12, the value of 
8-gingerol content were 0.75mg/g and 0.8367mg/g, respectively. 
The reason for loss of maximum 8-gingerol content in sun drying 
(T1) was longer drying time and in microwave drying at 800W(T12) 
was high power as well as the high temperature of the microwave. 
The conditions in which the value of the content of 8-gingerol came 
close to each other were microwave at 600W (T10) and 700W (T11). 
The value of 8-gingerol content were 1.0233mg/g and 0.9867mg/g 
in T10 and T11, respectively. 

Figure 2: Effects of the different treatments on 8-gingerol  
content (mg/g dry weight DW).
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An., et al. (2016) also studied the concentration of gingerol 
content of fresh and dried ginger and found similar results for the 
8-gingerol. The quantity of 8-gingerol was 2.52 mg/g in fresh gin-
ger and 2.43mg/g in dried ginger by oven drying. The 8-gingerol 
content was lessened significantly after drying, particularly in the 
microwave, only 2.5mg/g. It can result that a long drying time and 
the high temperature would increase the reduction of 8-gingerol. 
The 8-gingerol content was being slightly varied from this study 
due to some differences in terms and conditions.

10-gingerol

Comparative evaluation of 10-gingerol of ginger is graphically 
represented in figure 3. The value of 10-gingerol content in fresh 
ginger (Controlled T0) was 2.5767mg/g (mg/g fresh weight FW). 
After drying, the 10-gingerol content was lost due to temperature 
but the condition in which maximum preserve of 10-gingerol con-
tent was oven drying at 70 ºC (T3). In this condition (T3), the value 
of 10-gingerol content was 2.44mg/g (mg/g Dry weight DW). The 
10-gingerol was also lost in other treatments but the maximum 
preserve of 10-gingerol content was T3 when compared to other 
treatments. The minimum preserve of 10-gingerol was microwave 
drying at 800W(T12). In T12, the value of 10-gingerol content was 
0.7433mg/g. The reason forthe loss of maximum 10-gingerol con-
tent in microwave drying at 800W(T12) was high power as well as 
the high temperature of the microwave. The conditions in which 
the value of the content of 10-gingerol came close to each other 
were sun drying (T1) and microwave at 700W (T11). The value of 
10-gingerol content was 0.81mg/g both in T1 and T11. 

Figure 3: Effects of the different treatment on 10-gingerol  
content (mg/g dry weight DW).

An., et al. (2016) also studied the concentration of gingerol 
content of fresh and dried ginger and found similar results for the 
10-gingerol. The quantity of 10-gingerol was 2.62mg/g in fresh gin-
ger and 1.35mg/g in dried ginger by oven drying. The 10-gingerol 
content was lessened significantly after drying, particularly in the 
microwave, only 1.05mg/g. It can result that a long drying time and 
the high temperature would increase the reduction of 10-gingerol. 
The 10-gingerol content was being slightly varied from this study 
due to some differences in terms and conditions.

Conclusion
Ginger was dried through various drying techniques i.e., sun 

drying, oven drying, microwave having different treatments. Ex-
traction was done through the Soxhlet extraction method of dried 
ginger. It was concluded that the optimum drying condition was 
oven drying at 70°C in which maximum gingerol preserve. The 
quantity of 6-gingerol, 8-gingerol, 10-gingerol were 2.61mg/g, 
2.27mg/g, 2.44mg/g (mg/g Dry weight DW) respectively at opti-
mum drying condition.
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