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Abstract
Response surface methodology (RSM) was used to determine the effect of hot-air drying on physicochemical characteristics of torch ginger
(Etlingera elatior). Three independent variables were time (3-5 hours), temperature (40-80°C) and loading capacity (0.5-2 kg/m2). In this research, 20
treatments were assigned based on central composite design (CCD) containing 8 factorial points, 6 centre points and 6 axial points. The quality of
dried Torch ginger produced was evaluated by determining moisture content, water activity, Hunter L, a, b values and texture (brittleness). The results
revealed that the linear terms exhibited significant (P<0.05) effect on moisture content. The quadratic terms showed significant (P<0.05) effect on
water activity, texture (brittleness), colour L and colour b values; while for colour a values, the interaction terms of drying condition was the most
significant (P<0.05) factor. A satisfactory coefficient of determination (R2) at 0.523, 0.807 and 0.953 was obtained for the response variables studied
namely texture, moisture content and water activity, respectively. However, there are an unsatisfactory coefficient of determination (R2) for colourL, colour-a and colour-b. No significant (p>0.05) lack of fit was indicated for the reduced models, except for the models fitted for texture. The
optimization results indicated that the best response, within the range studied, was reached when the drying time was 4.1 h, the drying temperature
79°C and loading capacity 0.7kg/m2, respectively. No significant (p>0.05) difference was found between the experimental and predicted values, thus
ensuring the adequacy of the response surface models employed for describing the effects of hot-air drying on physicochemical properties of Torch
ginger.
Key words: Torch ginger, hot-air drying, physicochemical properties, Etlingera elatior, response surface methodology, optimization, herb and
spices, drying, central composite design, ginger flower.

Introduction
Herbs and spices have been used for many centuries for flavouring
and food preservation as well as medicinal purposes 1. Currently,
the spice production levels and supplies have increased, with an
attendant widespread usage among population 1, 2. In addition,
the use of spices had increased significantly due to renew interest
in dishes that use a variety of spices and to the ability of the
spices to act as antioxidants in addition to their seasoning
properties 3. Apart from being used in food seasoning, dried herbs
are also used in various applications such as seasoning of foods,
in the beverage industry, pharmaceutical, perfumery and in
cosmetic products.
Torch ginger (Etlingera elatior Jack) is also known as ‘Kantan’
in Malaysia 4, 5. It is also synonymous with Phaeomoria speciosa
(Blume), Phaemoria magnifica (Roscoe) or Nicolaia speciosa
(Blume). Torch ginger is native of Sumatra, Indonesia, and it has
been found in many places throughout Southeast Asia. There are
at least 20 genera and 300 species found in Malaysia out of 50
genera and 1500 species known in the world 4, 6. The plant of
etlingera is widely grown for both flavouring and medicinal
purposes. It can be consumed as condiment, eaten raw or cooked 7.
Normally, the young and tight flower buds of etlingera are widely
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used for culinary purposes because they give spice and colour to
curries, fish soups, stir-fried veggies and salads 8, as well as to
flavour local dishes like ‘nasi ulam’, ‘laksa asam’, ‘kerabu’ 9, ‘laksa’
or ‘asam pedas’. The different tones of pink and red colours of the
flowers make etlingera species very attractive among others 10.
Jaafar et al. 6 revealed that the essential oils of the flowers contained
major compounds such as 1,1-dodecanediol diacetate (24.38%)
and cyclododecane (47.28%). Besides that, these plants exhibit
antimicrobial activity and cytotoxic effects to hela cells 11 and
antitumor-promoting activity 12.
The leafy spices are highly perishable in nature and, therefore,
they have very short shelf-life. Usually, they deteriorate rapidly
after harvesting which leads to loss of flavour and quality. So,
drying is an important technology for preserving the product’s
quality and to prevent the spoilage of the product during storage,
as well as to facilitate its packaging and distribution. According
to Maroulis and Saravacos 13, food drying is a traditional method
of food preservation, which is also used for the production of
special foods and food ingredients. The term ‘drying’ always refers
to the removal of a relatively small amount of moisture from a solid
or nearly solid material by evaporation 14, which assures microbial
Journal of Food, Agriculture & Environment, Vol.10 (2),April 2012

stability and guarantees expected shelf-life of the product 15. Most
of the drying methods used application of heat on the products to
remove moisture. Moreover, good drying technique can enhance
the quality of the product significantly 16. However, different drying
conditions and techniques can create diverse food structure 17, 18.
Previous studies revealed that numerous methods of drying have
been applied to food materials, especially herbs and spices. Hotair drying is still the most widely used method to produce dried
products, because of their lower cost. In addition, air drying of
aromatic herbs can be an effective method of preservation that
inhibits growth of microorganisms and delays some biochemical
reactions in the final product 19.
Recently, many studies have been conducted on the effect of
drying condition on different plants. Doymaz et al. 20 determined
the effect of drying air temperature on the drying time and drying
characteristic of dill and parsley. Derya and Ozcan 21 determined
sun, oven and microwave drying characteristics of rosemary leaves
and compared traditional sun drying and conventional oven drying
methods to the microwave drying method. Demir et al. 22 determined
optimum conventional drying conditions for bay leaves. The
conditions studied included colour, shape, drying time and
essential oil. Sakhale et al. 23 studied the effect of magnesium
oxide on curry leaves dried under different drying methods such
as sun drying, shade drying and tray drying; the leaves were
subsequently analyzed for their nutritional and organoleptic
qualities. Balladin and Headly 24 evaluated solar dried thyme and
compared with oven and microwave methods. Ozcan et al. 25
observed the effect of oven and sun drying on the mineral content
of basil herbs. Also, Mohamed et al. 26 investigated the effects of
drying air temperature and air flow rate on the drying kinetics of
Citrus aurantium leaves. However, there is very little published
work on dried torch ginger.
Response Surface Methodology (RSM) is a valuable tool used
to determine the optimum levels of two or more treatment variables,
the aim is to optimize the responses. RSM has been successfully
used to model food ingredients 27, 28, to optimize food process
variables 29, 30 and to optimize orange beverage emulsion 31. It has
important applications in the design, development and also
formulation of new products, as well as in the improvement of
existing product design. It defines the effect of independent
variables, alone or in combination, on the processes. In addition
to analyzing the effects of independent variables, this experimental
methodology generates a mathematical model which describes
the chemical or biochemical processes 28.
Thus, this study aimed to examine the effect of hot-air drying
conditions on the physicochemical characteristics of torch ginger
(E. elatior). After that, to find the optimum conditions for drying
and production of high quality dried material that could be used
for a high food grade spicing material.

the same local supplier to avoid variation. The samples were
separated from stalks and stem and washed thoroughly under
running water to remove dirt, and weighed. The excess water was
drained and kept in cold storage at -60°C. Prior to drying experiment,
the samples were taken out of storage and thawed at room
temperature. They were dried under different drying conditions.
After drying, the samples were placed into moisture permeable
plastic bags and stored at room temperature until further analysis.
Each sample was evaluated for its physicochemical characteristics.
Drying equipment: A programmable oven with 400W (Smoke
Master Model SMA-112, Japan) was used. The drying oven is
equipped with a temperature control function that allows the user
to select the required drying temperature and also to adjust the
time of processing. The hot-air drying experiments were performed
using a drying tray (52 cm× 41 cm). Air was circulated from above
and the bottom of the perforated drying tray.
Drying procedure: Fresh herbs with different loading capacity
(0.5-2 kg/m2) were dried in a drying oven (Smoke Master Model
SMA-112, Japan) under different drying temperatures (40-80°C)
and drying time (3-5 h) and prepared for optimization procedure
based on a central composite design (CCD) (Table 1). The term of
loading capacity can be defined as a specified amount of weight
per square foot that is allowed to be placed on a given platform
(tray). During drying process, samples were turned over every 30
min for evenly distribution of heat among samples. The oven was
switched on for 1 h before the drying process to equilibrate the
temperature.
Determination of moisture content: The moisture content of
samples was determined (in triplicate) using hot-air oven method
at 105°C for 5 h 32. Prior to moisture content analysis, samples
were ground into coarse powder and mixed thoroughly. Crucibles
and lids were dried in oven (Memmert Model 500 ULM,
Schwabach, Germany) at 105°C for 1 h. Crucibles were weighed
without lid after attained room temperature. Samples (2 g) were
placed in crucible and dried in the oven at 105°C for 5 h. After that,
the crucibles were transferred directly and cooled in the
desiccators. Soon after attaining room temperature, the weights
of crucible were measured. The loss on drying (LD) was reported
as the moisture content (%).
% (w/w) LD = % (w/w) moisture = 100 ×

wt loss on dying (g)
wt test portion

Determination of water activity: Water activity of dried samples
was measured using a water activity meter (Aqualab Series 3 TE,
Decagon Device, Inc., Pullman, WA, USA) as reported by Yousif
et al. 19. Initially, the water activity meter was warmed up before
Materials and Methods
measurement. The chamber of this device was opened and the
Fresh torch ginger (Etlingera elatior) samples were obtained from
samples were filled into the cup to ¾ levels before it was returned
into the chamber and sealed. The results were
read on the meter screen 33.
Table 1. Levels of independent variable for hot-air oven drying established
according to the central composite design (CCD).
Texture analysis: Textures of dried herbs were
Variable
Independent variable levels
evaluated using instrumental method. A
Independent variables
Low
Centre
High
Axial (-Į)
Axial (+Į)
TA.XT2 i plus Texture Analyser (Stable Micro
Time (hour)
3
4
5
2.37
5.63
Temperature (°C)
40
60
80
27.34
92.66
Systems, Godalming, UK) was used for force/
2
Loading capacity (kg/m )

0.5

1.25

2.0
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0.03

2.47
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displacement measurement with a 5 kg load cell, using a 2 mm
cylinder spherical stainless probe SMS (P/2) to measure the force
required to penetrate an individual dried torch ginger placed on
the centre of corresponding platform with 10 mm diameter. The
test settings were test speed 0.5 mm/s, trigger force 10 g and
travel distance of the probe 8 mm. The value of rupture strength
and brittleness reported were the mean of 15 measurements.
Colour analysis: All dried herbs were analyzed using Hunter Lab
colorimeter (Hunter Lab D65 Spectrocolorimeter Ultrascan PRO,
Reston, VA) as reported by Yousif et al. 19. Five g of each treatment
samples were ground (in triplicate) for 10 s to produce a powder of
a uniform colour. The samples were transferred to a 10 cm glass
cuvette and read by a Hunter Lab Scan II Spectrocolorimeter. The
instrument, equipped with a D65 illuminant and 2° observer optical
position, was calibrated using a black plate and standard white
plate (X = 79.8, Y = 84.67, Z = 91.23). The results were expressed as
Hunter Lab L (whiteness/darkness), a (red/green) and b (yellow/
blue) values on the screen of colorimeter and were recorded. Each
reading gave three different coordinates L, a and b.
Experimental design and data analyses: The effect of three
independent variables; X1 (time), X2 (temperature) and X3 (loading
capacity), on six response variables (Y1-Y6, namely moisture
content, water activity, texture, colour L, colour a and colour b)
were evaluated by using RSM. A central composite design (CCD)
(Table 1) was employed to study the main and combined effects
of main drying conditions on the physicochemical properties of
dried torch ginger, to create models between the variables and to
use these variables to optimize the drying conditions for the
production of high quality food grade spicing material. As shown
in Table 2, 20 treatments were assigned based on the secondorder CCD with three independent variables. The three
independent variables ranges studied for hot-air oven drying were
time (3-5 h), temperature (40-80°C) and loading capacity (0.5-2 kg/
m2) as shown in Table 1. The experiments were randomized in
order to minimize the effects of unexplained variability in the actual
responses due to extraneous factors. The centre points were
repeated six times to calculate the repeatability of the method 34.
The matrix of the CCD, including the values corresponding to the
levels of factors and the treatments, is shown in Table 2. The
arrangement of CCD presented was in such a way that it allowed
the development of the appropriate empirical equations 35, 36.
Statistical analyses: Analysis of variance (ANOVA) and
regression surface analysis was conducted to determine regression
coefficients and statistical significance of model terms and to fit
the mathematical models to the experimental data, aiming at an
overall optimal region for the response variables 36. The generalized
response surface model for describing the variation in response
variables is as follows:
Y = βo + Σβixi + Σβiix2i + Σβijxixj
(1)
where Y is the response value predicted by the model; βo is an
offset value; βi, βii and βij are main (linear), quadratic and interaction
regression coefficients, respectively. The adequacy of the models
was determined using model analysis, lack-of-fit test and
coefficient of determination (R2) analysis 37, 38. It is suggested that
for a good fitness of a response model, R2 should be at least 0.80 39.
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Atkinson and Donev 40 indicated that the corresponding variables
were more significant (P<0.05) if the absolute t value becomes
larger and p value becomes smaller. The terms statistically found
non-significant (P>0.05) were dropped from the initial models and
the experimental data refitted only to significant (P<0.05)
independent variable effects in order to obtain the final reduced
model. It should be noted that some variables were kept in the
reduced model despite non-significance. For example, linear term
containing the variables was also kept in the model if a quadratic
or interaction term containing the variable was significant
(P<0.05) 36. The experimental design matrix, data analysis and
optimization procedure were carried out using Minitab, version
14, statistical package (Minitab Inc., PA, USA).
Optimization procedure: In this study, both multiple graphical
and numerical optimization procedures were applied to determine
the optimum different hot-air drying conditions on the
physicochemical properties of dried torch ginger. For graphical
optimization procedure, the final reduced models were expressed
as three-dimensional (3D) response surface plot to better visualize
the interaction effect of main drying conditions on the
physicochemical properties of dried torch ginger. The 3D plots
were drawn by keeping one variable constant at the centre point
and varying the other two variables within the experimental range
in order to show how each response variable related to two
continuous design variables. For numerical multiple optimizations,
the response optimizer was carried out by using the Minitab
software for determining the exact optimum level of independent
variables leading to individual and overall response goals.
Response optimizer allows us to compromise a single response or
a set of responses. This numerical response optimization allows
us to interactively change the input variable settings to perform
sensitive analyses and possibly improve the initial solution 31.
Verification of models: Both practical and theoretical methods
can be applied for validation. For practical method, the experimental
data were run again by using optimum point obtained by each
factor. The model is validated practically if obtained data are close
to predicted data. For theoretical method, the experimental data
were compared with predicted values in order to verify the
adequacy of final reduced models by using 2-sample t-test. Close
agreement and no significant difference must exist between the
experimental data and predicted values 31.
Results and Discussion
Fitting the response surface models: In this study, multiple
regression analyses were performed using response surface
analysis to determine regression coefficients and statistical
significance of model terms and fitting the mathematical models
to the experimental data, aiming at and overall optimal region for
the response variables 36. The response surface analysis allowed
the development of an empirical relationship where each response
(Yi) was assessed as a function of time (X1), temperature (X2) and
loading capacity (X3) and predicted as the sum of constant (bo),
three first-order effects (linear terms in X1, X2 and X3), three
interaction effects (interactive terms in X1X2, X1X3 and X2X3) and three
second-order effects (quadratic terms in X12, X22 and X32) 41. The
estimated regression coefficient of response surface models with the
corresponding R2 values and lack of fit test are reported in Table 3. The
Journal of Food, Agriculture & Environment, Vol.10 (2),April 2012

(Y2)
0.990 ± 0.002
0.442 ± 0.01
0.992 ± 0.002
0.988 ± 0.001
0.982 ± 0.001
0.968 ± 0.002
0.955 ± 0.001
0.557 ± 0.002
0.996 ± 0.002
0.969 ± 0.000
0.994 ± 0.005
1.001 ± 0.002
0.993 ± 0.000
0.860 ± 0.010
0.996 ± 0.002
0.498 ± 0.013
0.539 ± 0.042
0.990 ± 0.000
0.960 ± 0.011
0.969 ± 0.003
(Y1)
86.83 ± 0.26
6.82 ± 0.13
85.60 ± 0.21
77.00 ± 0.30
70.71 ± 0.28
49.61 ± 0.07
36.19 ± 1.35
9.30 ± 0.14
88.04 ± 0.21
49.94 ± 0.08
73.92 ± 0.24
78.46 ± 0.14
78.42 ± 0.33
20.93 ± 0.23
86.26 ± 0.19
7.13 ± 0.30
8.79 ±0.16
81.00 ± 0.08
37.55 ± 0.50
53.47 ± 0.42

Moisture
content (%)

Water activity
(Aw)

Response variables
Colour (powder-coarsely ground form)
Texture
(brittleness)
L
a
b
(mm)
(Y3)
(Y4)
(Y5)
(Y6)
4.13 ± 1.13
62.10 ± 0.51
10.86 ± 0.16
10.13 ± 0.24
6.66 ± 0.66
51.97 ± 0.29
10.31 ± 0.08
11.25 ± 0.40
4.70 ± 0.96
50.98 ± 0.94
10.36 ± 0.15
11.31 ± 0.10
4.73 ± 1.17
57.50 ± 0.81
10.93 ± 0.30
10.13 ± 0.23
3.75 ± 0.94
66.47 ± 0.21
11.97 ± 0.84
13.61 ± 0.97
3.75 ± 0.94
64.46 ± 0.72
9.40 ± 0.41
10.09 ± 0.45
2.80 ± 1.03
66.26 ± 0.13
8.95 ± 0.64
9.86 ± 0.66
5.89 ± 0.85
64.03 ± 0.90
10.20 ± 0.25
9.56 ± 0.30
5.47 ±0.57
54.58 ± 0.70
8.72 ± 0.38
11.23 ± 0.19
4.06 ± 0.49
66.05 ± 1.57
7.46 ± 0.48
11.09 ± 0.12
2.76 ± 1.30
60.59 ± 0.79
7.95 ± 0.23
11.72 ± 0.08
2.80 ± 0.90
61.37 ± 0.57
8.63 ± 0.06
10.62 ± 0.07
4.32 ± 0.68
58.36 ± 0.24
11.89 ± 0.32
9.27 ± 0.26
4.74 ± 0.37
67.09 ± 0.89
9.03 ± 0.51
8.79 ± 0.30
5.76 ± 0.38
54.65 ± 1.16
8.92 ± 0.48
10.89 ± 0.19
6.70 ± 0.49
64.90 ± 0.46
9.29 ± 0.43
9.88 ± 0.27
8.17 ± 0.71
61.07 ± 1.90
9.51 ± 0.35
9.95 ± 0.57
2.92 ± 1.45
56.73 ± 0.98
10.84 ± 0.20
10.44 ± 0.17
4.87 ± 0.40
68.18 ± 0.25
7.32 ± 0.33
11.47 ± 0.33
5.00 ± 0.67
68.45 ± 0.61
7.66 ± 0.16
11.17 ± 0.17

Moisture content:
Y1=135.963 – 13.238X1 – 1.061X2 + 27.936X3

(4)

Colour, L:
Y4=78.018 – 0.232X2 – 17.209X3 + 0.253X2X3

(5)

(X2)
40.00
80.00
40.00
80.00
60.00
60.00
40.00
80.00
40.00
80.00
60.00
60.00
60.00
60.00
27.34
92.66
60.00
60.00
60.00
60.00

Colour, a:
Y5=21.384–4.936X1–0.007X2–1.989X3+0.53X12+0.0001X22+0.769X32 (6)

(X1)
3.00
5.00
5.00
3.00
4.00
4.00
5.00
3.00
3.00
5.00
4.00
4.00
2.37
5.63
4.00
4.00
4.00
4.00
4.00
4.00
(C): Centre point.

1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
5
3
1
6 (C)
2 (C)
17
20
16
19
15 (C)
18 (C)
10
7
12
14
8
11
9 (C)
13 (C)

Temperature (°C)
Time (hour)
Blocks
Treatment
runs

Texture:
Y3=5.795 – 0.108X2 +2.591X3 + 0.002X22 – 0.058X2X3

Colour, b:
Y6 = - 0.138 + 5.478X1 – 0.669X12
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(2)

Water activity:
Y2=0.9178 + 0.005X2 + 0.002X3 – 0.000X22 – 0.114X32 + 0.008X2X3 (3)

Loading
capacity
(kg/m2)
(X3)
0.50
0.50
2.00
2.00
1.25
1.25
0.50
0.50
2.00
2.00
1.25
1.25
1.25
1.25
1.25
1.25
0.03
2.47
1.25
1.25
Independent variables

Table 2. The matrix of central composite design (CCD) and experimental data obtained for the response variables studied (Y1-Y6) (mean ±SD).

R2 values for these response variables were between 0.289 and 0.97.
The results showed that the regression models for the response
variables were significant by the test at the 5% confidence level
(P<0.05). The results exhibited that the final reduced models were
significantly (P<0.05) fitted for the three response variables
studied; namely moisture content, water activity and texture
(brittleness) with R2, ranging from 0.523 to 0.970 (Table 3).
However, the results also indicated that the final reduced models
were not significantly (P>0.05) fitted for the other three response
variables studied, i.e. colours, L, a and b with R2, ranging from
0.289 to 0.337 (Table 3). The results demonstrated that there was a
significant (P<0.05) lack of fit for the regression models fitted for
texture (brittleness). This may be as a result of the wide range of
independent factors being considered in the study 42, 43.
The results obtained were then analyzed by ANOVA to assess
the ‘goodness of fit’. Only terms found significant (P<0.05) were
included in the final reduced model. Eq. 2 to 7 showed that the
models obtained for predicting the response variables explained
the main quadratic and interaction effects of factors affecting the
response variables. The sign and magnitude of the coefficients
indicate the effect of the variables on the response (Table 3). A
negative coefficient means a decrease in response when the level
of the variable increased, whereas a positive coefficient indicates
an increase in the response. Furthermore, a significant interaction
suggests that the level of one of the interactive variables may
increase while that of the other may decrease for a constant value
of the response 35, 27. The lack of fit, which is used to measure the
fitness of models, exhibited no significant F value (P>0.05) in
terms of the response variable studied. This indicated that the
models were accurate for predicting those response variations.
The following response surface models (Eq. 2-7) were obtained:

(7)

Effect of different drying variables on physicochemical
characteristics (moisture content, water activity, texture and
colour) of torch ginger (Etlingera elatior):
Moisture content: The effect of three independent variables on
the moisture content was examined by the coefficient of the
second-order polynomial regression equations (Table 4). A surface
plot which displays a three-dimensional view and provides a clearer
picture of the effect of independent variables (drying time, drying
temperature and loading capacity) on the moisture content of
67

Table 3. Regression summary and analysis of variance for moisture content, water
activity, texture, colour L, colour a and colour b in uncoded form of process variable.
Regression
coefficient
bo
b1
b2
b3
b12
b22
b32
b12
b13
b23
R2
R2(adj)
Regression
(P value)
Lack of fit
(F value)
Lack of fit
(P value)

Responses
Moisture
content
135.963
-13.238
-1.061
27.936
0.807
0.771

Water
activity
0.918
0.005
0.002
-0.000
-0.114
0.008
0.970
0.953

0.000 *
0.730
0.692

**

Texture

Colour L

Colour a

Colour b

5.795
-0.108
2.591
0.002
-0.058
0.523
0.396

78.018
-0.232
-17.409
0.253
0.337
0.212

21.384
-4.936
-0.007
-1.989
0.539
0.000
0.769
0.306
0.000

-0.138
5.478
-0.669
0.289
0.205

0.000 *

0.019 *

0.080 **

0.490 **

0.055 **

0.740

4.520

1.430

0.450

0.580

0.654

**

0.021

*

0.288

bo: The estimated regression coefficient for the main linear effect.
b1: The estimated regression coefficient for quadratic effect.
b2: The estimated regression coefficient for the interaction effects.

**

0.848

**

0.571 **

(1): Time. (2): Temperature. (3): Loading capacity.
*
Significant (P<0.05).
**
Not significant (P>0.05).

dried torch ginger is shown in Fig. 1. As shown in Eq. 2, a linear
term was fitted for predicting the moisture content value. The
moisture content was significantly (P<0.05) influenced by the linear
effect of drying time, drying temperature and loading capacity
(Table 4). The optimum moisture content (i.e. the lowest value Y1=
7.59%±0.11 dry basis) was predicted to be obtained at 4.1 h drying
time, 79°C drying temperature and 0.7 kg/m2 loading capacity using
response surface plots and response optimizer. These results were
in agreement with Spice Qualities and Specifications listed by
Muggeridge 44 where the moisture content (after drying) that is
required for spices or similar products in the market is 12%
maximum. Fig. 1 illustrates the surface plot where moisture content
decreases with an increase in the drying temperature, drying time
and loading capacity. This behaviour may be caused by excitation
of molecules, where molecules are in increased state of excitation
increase when temperature increased, thus rising their distance
reduces the attractive force between them 45.
The results indicated that drying time and drying temperature
had significant (P<0.05) negative effect on moisture content
(Table 4). This may be because of the wide variation in the drying

time, which ranged from 2.45 to 20 h 23. Similar results were also
reported by Doymaz 46, Abalone et al. 47 and Vega et al. 48 for hotair drying of okra, amaranth seeds and aloe vera, respectively.
The results exhibited that drying temperature had significant
(P<0.05) negative effect on moisture content. It can be seen that
moisture content of dried torch ginger was much lower at high
temperature as compared to low temperature of drying (Table 2).
The time required for hot-air drying of torch ginger was much
higher when lower temperature was used.
The influence of loading capacity on the moisture content of
torch ginger samples as influenced by loading capacity are shown
in Fig. 1. Obviously, as the loading capacity of sample increased,
the moisture content increased. These results were in agreement
with previous literature studies 49, 50. It has been also described by
other researches that almost all of the drying of biological products
takes place in the falling rate period 50. Higher loading capacity
also led to higher thickness of the samples during drying process.
The other possibility, as Yahya et al. 51 stated, were methods of
drying and biological nature of the plant.
Besides that, air in the oven is saturated, by the time, the loading

Table 4. ANOVA and regression coefficients of the first- and second-order polynomial models.
Variables
Moisture content
P value
F ratio
Water activity
P value
F ratio
Texture
P value
F ratio
Colour L
P value
F ratio
Colour a
P value
F ratio
Colour b
P value
F ratio

X1

Main effects
X2
X3

X12

Quadratic effects
X22
X32

X1X2

Interaction effects
X1X3
X2X3

0.003*
13.155

0.000*
33.768

0.000*
32.948

-

-

-

-

-

-

0.898**
0.017

0.051**
5.244

0.317**
1.141

0.650**
0.222

0.000*
81.288

0.000*
66.961

0.274**
1.376

0.155**
2.462

0.000*
127.713

0.637**
0.240

0.191**
2.039

0.698**
0.162

0.809**
0.063

0.043*
5.808

0.162**
2.372

0.489**
0.526

0.779**
0.084

0.050*
5.327

0.519**
0.454

0.355**
0.964

0.241**
1.605

0.444**
0.648

0.127**
2.900

0.084**
3.877

0.756**
0.104

0.340**
1.030

0.043*
5.750

0.064**
4.239

0.940**
0.001

0.177**
2.079

0.097**
3.291

0.919**
0.011

0.174**
2.114

-

-

-

0.104**
3.353

0.996**
0.000

0.326**
1.094

0.038*
6.180

0.516**
0.461

0.378**
0.870

0.355**
0.964

0.899**
0.017

0.480**
0.548

Values of P value and F ratio less than 0.050 indicate model terms are significant Values of P value and F ratio greater than 0.100 indicate model terms are not significant
*
Significant (p<0.05) **Not significant (p>0.05)
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capacity is increased and it forms a thick film around the food that
would prevent effective separation of the evaporated moisture
from the food. This may be the reason for the existence of a constant
rate period in their study. Then, all the samples tended to dry
slowly at higher loading capacity resulting in low transport rate of
water and prolonged drying time 52. The yield of dried torch ginger
was found very different in quantity after being dried at different
drying time. This result is similar to that reported by Sakhale et
al.23, who demonstrated that variations in the yield were basically
due to higher moisture content in the sample itself.
Water activity: In contrast with moisture content, water activity
was significantly (P<0.05) affected by the quadratic terms (Table 4).
Surface plot of the effect of drying temperature and loading
capacity on the water activity of torch ginger is shown in Fig. 2.
Table 4 revealed that water activity was significantly (P<0.05)
influenced by the quadratic effect of drying temperature and
loading capacity, followed by the interaction terms. The linear
effect has no significant (P>0.05) effect on the water activity. The
optimum water activity (Y2= 0.45±0.01) was obtained at 4.1 h drying

Figure 1. Effect of hot-air drying (drying time, temperature and loading
capacity) on the moisture content of torch ginger.

Figure 2. Effect of hot-air drying conditions (temperature and loading
capacity) on the water activity of dried torch ginger.
Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012

time, 79°C drying temperature and 0.7 kg/m2 loading capacity.
Fig. 2 demonstrates the surface plot where water activity
decreased with an increase in drying temperature and decrease
in loading capacity.
Texture: Similar to water activity, texture (brittleness) of dried
torch ginger was significantly (P<0.05) affected by the
quadratic terms of drying temperature and the interaction
effects of temperature and loading capacity, respectively (Table
4). A surface plot displays the effect of drying temperature
and loading capacity on the texture (Fig. 3). As observed in
Eq. 4, a quadratic term was fitted for predicting the texture
value. The optimum texture (Y3= 6.18±0.83) was predicted to
be obtained when drying time was 4.1 h, the drying
temperature, 79°C and loading capacity, 0.7 kg/m2 respectively.
The graphical result from surface plot revealed an increase in
texture with an increase in drying temperature and a decrease
in loading capacity.
Moreover, the surface plot also shows that the highest texture
is obtained when loading capacity is low and temperature is
high (Fig. 3). The texture of torch ginger that have been dried
at low temperature (40°C) was softer than that dried at high
temperature (80°C). Besides that, it took a longer time to fracture
the dried samples because during drying, liquid diffuses to
the surface of the torch ginger from the interior and carries
solute with it. As the moisture evaporates, solutes concentrate
and precipitate, leaving a hard and dry skin 53. From my
observation, the samples that have been dried at higher
temperature resulted in very dry skin compared to low
temperature drying.
Vegetable tissues undergo some degree of shrinkage during
drying process. This statement is supported by the fact that
usually in the early stage of drying, at low rates, the amount of
shrinkage bears a simple relationship to the amount of moisture
removed. Towards the end of drying, shrinkage is slowly
reduced so that the final size and shape of the material is fixed
before drying is completed 54. Previous researchers also
reported that shrinkage of foodstuffs during drying may
influence their drying rates due to the changes in drying surface
area and the setting up of pressure gradients within the
material55.
Colour (L, a and b): For measurement of the colour of dried
torch ginger, the value of L (lightness), a (redness) and b
(yellowness) were measured. The quadratic terms showed no
significant (P>0.05) effect on L and a values; while for b values,
the quadratic terms and the linear effect were the most
significant (P<0.05) factor. As shown in Eq. 5 and 7, quadratic
terms were fitted for predicting the L and b values; while linear
interaction was fitted for predicting the a values. Table 4
exhibited that L value was significantly (P<0.05) influenced
by the interaction terms and the linear effect of loading capacity.
The optimum value for L, a and b were Y4= 55.39±0.23, Y5=
8.69±0.24 and Y6= 8.94±0.07, respectively. The L value revealed
an inverse relationship with the drying temperature, and a
direct relationship with the loading capacity (Fig. 4). Preferred
colours are those closest to the original colour of fresh torch
ginger. The original colour of fresh torch ginger was L (49.36 ±
0.87), a (11.52 ± 0.30), b (10.32 ± 0.12). The results showed that
drying caused a decrease in lightness (L value). Higher
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temperature in hot-air drying resulted in a darker colour (lower
L value) of dried torch ginger. This result is similar to that
reported by Therdthai and Zou 56 who demonstrated that the
lightness of dried mint leaves was decreased after hot-air.
This may be due to the discolouration during drying which
may also be related to non-enzymatic browning 57 and longer
time of drying. In addition, the degree of colour change also
depends on drying temperature, drying time and oxygen level
58
. Fig. 5 indicates the surface plots where a value decreases
with an increase in drying time and loading capacity as well
as a decrease in drying temperature.
Also, there were no significant differences (P>0.05) in a
values for samples dried with hot-air. The effect of drying
conditions on colour a value is shown in Fig. 5. The a value
increases with increase in temperature. However, the drying
time and loading capacity exhibited a concave relationship
with a value. This result is in agreement with the report of
Bondaruk et al. 59 who stated that due to relatively small
absolute values of a, it can be assumed that the redness (a
value) did not affect the overall colour evaluation of dried
torch ginger. The increase in a value denotes a redder chroma,
which is indicative of browning reaction 60. Redness of
dehydrated products increases as drying temperature
increases and relative humidity decreases for all yellow
materials. The effect of temperature on changes of redness
during conventional drying seems to be more intense than
the effect of air relative humidity for all materials. Colour
changes may be associated to Maillard reactions 61.
Similar to the behaviour of chroma parameter a, is the
increase of value of chroma parameter b (yellowness).
Krokida60 also reported that this value increased fast for air
dried samples, as air drying goes beyond 70°C. Furthermore,
yellowness (b) of dehydrated materials is strongly affected
by temperature and air relative humidity.
Optimization and validation procedures: Both multiple
graphical and numerical optimization were carried out to
determine the exact optimum point of different hot-air drying
conditions on the physicochemical properties of dried torch
ginger leading to the desirable response goals. For graphical
optimization procedure, the final reduced models were
expressed as three-dimensional (3D) response surface plot to
better visualize the interaction effect of main drying conditions
on the physicochemical dried torch ginger properties 31. The
optimum drying process performed at 4.1 h, 79°C and 0.7 kg/
m2 were recommended to provide dried torch ginger with
optimum quality. The predicted response values for moisture
content, water activity, texture (brittleness), colour L, colour
a and colour b were found to be 7.59, 0.45, 6.18, 55.39, 8.69
and 8.94, respectively.
All response models were verified theoretically. The
experimental data were compared with predicted values in
order to verify adequacy of final reduced models by using
2-sample T-test (Table 5). Also, close agreement and no
significant different existed between experimental and
predicted values, thus indicating the adequacy of final
reduced models fitted by RSM.
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Figure 3. Effect of hot-air drying conditions (temperature and loading capacity)
on the texture of dried torch ginger.

Figure 4. Effect of hot-air drying conditions (temperature and loading
capacity) on the colour L of dried torch ginger.

Figure 5. Effect of hot-air drying (drying time, temperature and loading capacity)
on the colour a of torch ginger.
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Yo
10.13
10.09
11.31
10.13
11.25
13.61
8.79
9.95
11.47
9.27
10.44
10.89
11.17
9.88
11.72
11.23
9.86
10.62
11.09
9.56

Colour b
Y1
10.274
11.069
10.526
10.274
10.526
11.069
9.490
11.069
11.069
9.080
11.069
11.069
11.069
11.069
11.069
10.274
10.526
11.069
10.526
10.274

Yo-Y1
-0.144
-0.979
0.784
-0.144
0.724
2.541
-0.700
-1.119
0.401
0.190
-0.629
-0.179
0.101
-1.189
0.651
0.956
-0.666
-0.449
0.564
-0.714

Conclusions
RSM was employed to optimize the optimum different drying
conditions leading to desirable quality of physicochemical
characteristic of dried torch ginger. The response surface analysis
showed significant (P<0.05) relationship between the independent
variables and the response variables, with R2 values, ranging from
0.289 to 0.970. The optimization results indicated that the best
response, within the range studied, was reached when the drying
time was 4.1 h, the drying temperature 79°C and loading capacity
0.7 kg/m2, respectively. Under the optimum condition, the
corresponding predicted response values for moisture content,
water activity, texture (brittleness), colour L, colour a and colour b
were found to be 7.59, 0.45, 6.18, 55.39, 8.69 and 8.94, respectively.

Colour a
Y1
11.590
9.970
10.253
11.600
10.447
9.970
9.060
9.875
8.639
11.094
9.709
8.647
8.639
8.797
7.983
9.511
8.368
7.983
8.358
9.705

Yo-Y1
-0.66
-0.57
0.107
-0.74
-0.137
2.00
-0.03
-0.365
-1.319
0.796
1.131
0.273
-0.979
0.493
-0.033
-0.791
0.582
0.647
-0.898
0.495
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