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Abstract
In this study, the effects of temperature on drying kinetics and eurycomanone content of
Eurycoma longifolia roots were investigated to determine the optimum temperature for
drying of this herb. The roots were subjected to drying temperatures of 40, 50, 60 and 70°
C. The drying kinetics data indicated that the drying rate increased with increase in
temperature but decreased with time. The drying process took place in the falling rate
period. Three established thin layer drying models include Page, Midili and Logarithmic
were employed to describe the drying process. The Midili model was found as the best
fitting model in representing the process. The quality of the products was evaluated by
comparing the content of its active compound, eurycomanone, quantified using an ultra
performance liquid chromatography (UPLC). The fastest drying process was achieved at
70°C, but UPLC results showed that the product suffered at 18% reduction in
eurycomanone content as compared to the control. Based on the findings of this work, the
optimum drying temperature for E. longifolia roots is 60°C.

1. Introduction
Eurycoma longifolia is a medium-sized tree growing
to a height of about 10 m. The plant is mostly found as
an under-storey growth of lowland forests in Peninsula
Malaysia and other Southeast Asian Regions (Ang et al.,
1995). In Vietnam, it is the tree “that cures a hundred
diseases” but in Malaysia, it is better known for its
aphrodisiac properties (Chuah et al., 2007). Eurycoma
longifolia can be harvested starting 5 years after
cultivation (Radzi et al., 2005).
The plant is traditionally used as a general tonic,
after
childbirth
tonic,
aphrodisiac,
antidotal,
antihypertensive,
antipyretic,
antituberculotic,
antivenous, vermifuge and febrifuge (Jaganath and Ng,
2000). The plant part that is found with high medicinal
properties is its root which is yellowish with strong bitter
taste. Plant extract from the roots also used traditionally
for enhancing testosterone levels in men and reducing
blood pressure, fever and fatigue mainly due to the
presence of eurycomanone (Bhat and Karim, 2010).
Eurycomanone is a plant quassinoids derived from E.
longifolia roots. It is referred as one of the commercial
potential chemicals for E. longifolia other than
*Corresponding author.
Email: hada@frim.gov.my

eurycomanol and eurycomalactone (Jaganath and Ng,
2000). Biological studies have shown that eurycomanone
also possesses antimalarial activity against Plasmodium
falciparum (Ang et al., 1995).
Drying is a process of removing moisture from
products to reduce weight and volume that will facilitate
packaging, storage, and transportation. Drying also helps
in improving product stability during storage by
preventing microbial contamination caused by the
presence of moisture content. Convection oven drying is
a widely-used drying method in the local herbal industry
due to its simple operation. Optimization using this
method is essential to ensure products are dried
appropriately to minimize degradation. Previous studies
conducted on cocoa had revealed that the use of high
temperature is often compromised by degradation or loss
of quality of the product (Alean et al., 2016). Material
dried in a controlled way may contribute to the more
uniform distribution of the moisture content during
drying (Kowalski et al., 2005).
A number of established drying models have been
developed to explain the convective drying kinetics of
various agricultural products for use in design,

eISSN: 2550-2166 / © 2017 The Authors. Published by Rynnye Lyan Resources

FULL PAPER

Effects of drying temperature on drying kinetics and eurycomanone content of
Eurycoma longifolia roots

FULL PAPER

271

Hada Masayu et al. / Food Research 1 (6) (2017) 270 - 275

construction, and control of drying systems (Soysal et
al., 2006). Page (Sobukola and Dairo, 2007), Midili
(Midili et al., 2002) and Logarithmic (Pin et al., 2009)
equations are frequently used to describe drying kinetics
of various herbal materials such as rosemary leaves
(Arslan and Musa Özcan 2008), parsley leaves (Akpinar
et al., 2006), ginger (Nema et al., 2013) and betel leaves
(Pin et al., 2009). Based on their application to herbs, the
three drying models were also used to describe the
drying characteristics of E. longifolia in the present
study.
Many studies have reported on the chemical markers
and bioactivity of E. longifolia but what absent in the
literature is on the optimization of drying process from
this famous herb. A major consideration in herbal drying
is the preservation of the chemical compounds, which
mostly heat sensitive because these compounds
contribute to the beneficial bioactivities of herbs. In this
study, eurycomanone, as an active compound, was
selected as the quality indicator for E. longifolia roots.
The content of eurycomanone was determined using
ultra-performance liquid chromatography (UPLC). The
best drying temperature of E. longifolia roots based on
its quality and drying time was selected.

2. Materials and methods
2.1 Materials
Fresh plant of Eurycoma longifolia was collected
from cultivation plot at Bukit Hari of Forest Research
Institute Malaysia (FRIM), Kepong. The selected part of
the plant was the root to be used in the experiment. The
collected samples were cleaned from dirt using tap
water, rinsed, chopped and then kept in polystyrene
container before being transported to the laboratory.
Initial moisture content of the roots was 63.0 ± 2.9%
(wet basis, wb) measured before each experiment using
calibrated Halogen Moisture Analyzer (Model AND MS70, Japan).
2.2 Experimental design

outside the drying chamber periodically using electronic
balance (Model AND FX-1200i, Japan). The weighing
procedure took not more than 30 s. Weights were
recorded every 10 minutes until the equilibrium moisture
content was reached. Data was taken for the calculation
of moisture content during the whole drying process.
Each drying experiment was done in triplicate. Final
product moisture content (wb) was determined using a
Halogen moisture analyzer (Model AND MS-70, Japan).
2.3 Analysis of drying data
2.3.1Mathematical modelling
The free moisture versus drying time graphs was
plotted for each of the experiment. Moisture content (dry
basis) of the sample was described by the percentage
equivalent of the ratio of the weight of water to the total
weight of the dry material. It was calculated by using
equation (1) (Ramaswamy and Marcotte, 2006):
(1)
Where M is the content of moisture and S is the content
of solid.
2.3.2 Drying curves
The drying rate versus free moisture graph was
plotted for each of experiments. The drying rate of the
sample was calculated using equation 2 (Akpinar and
Bicer, 2003):
(2)
Where M(t + dt) and Mt are moisture content at t+dt (g
water / g dry solid) and moisture content at time t,
respectively and t is drying time (min).
2.3.3 Modelling of drying process
Experimental data obtained were fitted to the three
well-known thin layer drying models given in Table 1.
These models require the calculation of dimensionless
moisture ratio, which is given by equation (3) (Sacilik,
2007):

The convection oven dryer (UFE 500 type,
Memmert, Germany) used in this study consists of four
main components namely heating elements, drying trays,
fan and temperature control button. The drying process
was operated at four selected temperatures of 40, 50, 60
and 70°C. Fan speed was kept constant at 1.0 m/s.

where M, Me and M0 are the moisture content at any
time, the equilibrium moisture content and the initial
moisture content, respectively.

Approximate weight of 0.500 g fresh sample was
distributed uniformly as a thin layer on an aluminum tray
with square openings of 14 x 8 cm. Weights loss from
the samples was measured by weighing the sample

The correlation coefficient (R2) was the primary
criterion for selecting the best model to describe the
drying curves. In addition to R2, root mean square error
(RMSE) analysis was used to determine the goodness of
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speed up the extraction of the phytochemicals. After
sonication, the extracts were filtered to remove the solid
particles. The filtrate was injected into the UPLC for
analysis to determine its chemical profiles and
concentrations of eurycomanone, respectively.

(4)
(5)

3. Results and discussion
3.1 Drying kinetics

where MRexp, i is the ith experimentally observed moisture
ratio, MRpre, i is the ith predicted moisture ratio, N the
number of observations.
Table 1. Mathematical models applied to the drying process.
Model
name
Midili

Model

Reference

MR = a exp(-ktn) + bt

Page

MR = exp(-ktn)

Logarithmic

MR = a exp(-ktn) + b

Midili et al. (2002)
Sobukola and
Dairo (2007)
Pin et al. (2009)

2.4 Chemical analysis
Ultra Performance Liquid Chromatography (UPLC)
was used for the qualification and quantification of
eurycomanone from EL roots. An Acquity ® BEH C18
column (2.1 x 150.0 mm, 1.7 µm particle size) was used
as stationary phase. The mobile phase comprised of 0.1%
formic acid and 100% acetonitrile. Table 2 shows the
change of mobile phase during the analysis. The
wavelength at 244.4 nm was chosen because the
detection of eurycomanone was sensitive at that
wavelength.

Figure 1 shows the changes in moisture against time
at 40, 50, 60 and 70°C of the convection oven drying
process. It was found that the drying time for 40, 50, 60
and 70°C was 70, 60, 40 and 30 minutes respectively.
Drying at 70°C was 40 minutes shorter than at 40°C
indicates that higher drying temperature resulted in
shorter drying times. This was because of a larger
driving force for heat transfer at 70°C as compared with
at lower temperatures. A similar trend was also reported
by other researchers (Akpinar et al., 2006; Sacilik, 2007;
Pin et al., 2009; Jaloszynski et al., 2009; Arslan and
Musa Özcan, 2010; Gupta et al., 2013; Arabi et al.,
2016).

Figure 1. Drying curves of E. longifolia roots dried at 40 to
70°C using convection oven

Table 2. The mobile phase change in UPLC analysis.
Time
(min)

Flow rate
(ml/ min)

0.1% Formic
Acid (%)

100%
Acetonitrile (%)

0

0.20

90

10

2

0.25

85

15

5

0.30

75

25

10

0.25

60

40

12

0.20

90

10

A few steps are involved in the preparation of crude
extracts of E. longifolia roots. First, the dried materials
were ground using the pulverizing machine (Model RT08, 25000 rpm). Then, the dried E. longifolia roots were
mixed with distilled water in 1:10 ratio (Radzi et al.,
2005). Next, the mixture was sonicated using a sonicator
(Model 2510, Branson, USA) for 60 minutes at 37°C to
eISSN: 2550-2166

Figure 2. Drying rate curves of EL roots dried at 40 to 70°C
using convection oven

Figure 2 represents a set of drying rate curves of E.
longifolia roots dried using the convection oven at 40,
50, 60 and 70°C. In view of the figure, the entire drying
process showing stages of falling rate period. The drying
rate of the roots dropped rapidly at the first stage of
falling rate period. At this stage, the rate of drying
depends greatly on the mechanism by which the moisture
© 2017 The Authors. Published by Rynnye Lyan Resources
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Table 3. The values of R , RMSE and drying constant for thin-layer drying models from convection oven of E. longifolia roots
Model
Drying temperature (°C)
Constant
R2
RMSE
40
a=0.9994, k=0.0670,
0.9870
0.01110
n=0.8943, b=-0.0004
50
a=1.0003, k=0.0607
0.9976
0.00523
n=1.0780, b=-6.73E-06
Midili
60
a=0.9996, k=0.0584
0.9968
0.00742
n=1.1284, b=-0.0002
70
a=0.9998, k=0.0854
0.9953
0.01013
n=1.1059, b=-0.0002
40
50
Logarithmic

60
70

Page

40
50
60
70

a=1.0048, k=0.0475
b= -0.0162
a=1.0103, k=0.0746
b= -0.0067
a=1.0277, k=0.0794
b= -0.0238
a=1.0178, k=0.1082
b= -0.0166
k=0.0541, n=0.9774
k=0.0604, n=1.0798
k=0.0545, n=1.1588
k=0.0794, n=1.139362

from inside the root was transferred to the surface. At the
later stage where the second falling rate period took
place, the drying rate slowly decreased and approached
equilibrium moisture level. The surface of the root was
dried and evaporation occurred from within the solid and
vapor reached the surface by molecular diffusion through
the material. Higher drying rates were observed at higher
temperatures. The drying rate was found maximum when
the root was dried at 70°C. These results are in
agreement with earlier observations on drying of onion
slices (Arslan and Musa Özcan, 2010), Acacia mangium
(Nadhari et al., 2014), strawberry (Doymaz, 2008),
kiwifruit (Orikasa et al., 2008) and cocoa (Hii et al.,
2009).

0.9752

0.01540

0.9945

0.00782

0.9932

0.01077

0.9945

0.01091

0.9694
0.9975
0.9953
0.9944

0.01710
0.00524
0.00892
0.01101

experimental data. Midili model was the most suitable
model to fit the drying kinetics of all temperatures
studied.
The previous study on drying of poplar wood
particles (Arabi et al., 2016) reported that among the
eleven thin-layer models tested, Midili, Kucuk and
Yapar and Henderson and Pabis models have been found
to be the best models for describing the drying curve of
the wood particle. Another study on drying of ginger
showed that Midili model was found to be the best in
describing the pulse microwave drying behavior of
ginger (Nema et al., 2013). The Midili-Kucuk model
with four model constants is found to be the best model
for various products by researchers (Kucuk et al., 2014).

3.2 Modeling of drying process
Three different thin-layer drying models namely
Midili, Logarithmic and Page models were evaluated in
finding the most suitable model to describe the drying
process of E. longifolia roots. The models were
evaluated based on RMSE and correlation coefficient
(R2). SOLVER in Microsoft Excel 2007 was used to
solve R2 close to unity and the RMSE values were
calculated to compare the results.
The model that best explained the drying process of
E. longifolia roots is the one that gives the highest R2 and
the lowest RMSE values as tabulated in Table 3. The
values of R2 calculated for all the experiments were more
than 0.95 and RMSE values were very low (<0.05). This
indicates that the selected models fit well with the
eISSN: 2550-2166

Figure 3. Comparison between the experimental data with the
predicted (Midili) model

The plot of experimental data and the best-fitted
model was shown in Figure 3. Based on Midili model, a
temperature-and-time dependent equation for drying of
E. longifolia roots for the studied temperature range was
developed as follows:
© 2017 The Authors. Published by Rynnye Lyan Resources

Hada Masayu et al. / Food Research 1 (6) (2017) 270 - 275
n

MR = a exp (-kt ) + bt, where
k = 0.0388 + 0.0005 * (T)
n = 0.6748 + 0.0069 * (T)
b = -0.0005
T = temperature
3.3 Effect of drying temperature on eurycomanone
content
Figure 4 shows the effect of drying temperatures on
the concentration of eurycomanone from E. longifolia
roots. The control sample was referring to roots dried
using natural air at room conditions of 26°C and 67%
relative humidity. It was observed that concentration of
eurycomanone was significantly higher in roots dried at
40 (12.53 mg/L), 50 (12.24 mg/L) and 60°C (13.66 mg/
L) as compared to control. This observation showed that
the drying process caused the increase of eurycomanone
in the dried products. A similar behavior was found by
Pin et al. (2009). They found that the concentrations of
compounds in the fresh betel leaves were lower than
leaves dried at oven temperatures of 40, 50, 60, 70 and
80°C. Arslan and Musa Özcan (2010) also found that
oven dried onion slices at 70°C had higher phenolic
content than the fresh samples.
Drying might have accelerated the release of bound
phenolic compounds during the breakdown of cellular
constituents (Chang et al., 2006). A study by Deng and
Zhao (2008) showed that folded cell walls and collapsed
structure was visible from the microstructure of freezedried apples. In the case of drying E. longifolia roots in
this present study, the increase in eurycomanone content
in the dried materials might result from thermal exposure
during drying that caused deformation of the cell
structure of the roots and lead to the secretion of the
more eurycomanone compound from the collapsed cell
structure.

Eurycomanone content was found significantly
lower in the roots dried at the highest temperature of 70°
C (9.80 mg/L) as compared to control. The roots might
be affected by thermal degradation as evidence by the
decreased content of eurycomanone achieved. The
results suggest that the difference was small in
eurycomanone content of roots dried at 40, 50 and 60°C
as compared with control sample. It may not contribute
to quality change. However, the roots were affected more
at an elevated temperature of 70°C.

4. Conclusion
The effect of drying temperature on drying time and
eurycomanone concentration was studied. The drying
time could reduce as drying temperature increased from
40 to 70°, however, the eurycomanone concentration of
E. longifolia roots reduced significantly at drying
temperature of 70°C. The eurycomanone concentration
of sample dried at 60°C was at its highest value than that
of other dried samples. Convection oven drying of E.
longifolia at this temperature is generally recommended.
Among the three thin-layer drying models that were
fitted to the experimental data, the Midili model showed
the best fit although all the models could satisfactorily
describe the convection oven drying kinetics of
E.longifolia.
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