Chinese Journal of Analytical Chemistry 50.8 (2022) 100119

journal homepage: www.elsevier.com/locate/cjac

Contents lists available at ScienceDirect

Chinese Journal of Analytical Chemistry

Oil extracts from fresh and dried Iban ginger

Nurul Mirzha Syerliza Halimin?, Mohammad Omar Abdullah®%*, Noraziah Abdul Wahab?,
Radzuan Junin®¢, Awang Ahmad Sallehin Awang Husaini ¢, Augustine Agi®

2 Department of Chemical Engineering & Energy Sustainability (ChemES), Faculty of Engineering, Universiti Malaysia Sarawak (UNIMAS), Kota Samarahan, Sarawak

94300, Malaysia

b Department of Petroleum Engineering, School of Chemical and Energy Engineering, Faculty of Engineering, Universiti Teknologi Malaysia, Johor Bahru 81310, Malaysia

¢ Institute for Oil and Gas (IFOG), Universiti Teknologi Malaysia, Johor Bahru 81310, Malaysia

4 OSYIHM Farm, Balai Ringin, Serian, C/o OSYIHM Enterprise, Lot 8532, Muara Tabuan Land District, Kuching, Sarawak 93350, Malaysia
¢ Faculty of Resource Science and Technology, Universiti Malaysia Sarawak (UNIMAS), Kota Samarahan, Sarawak 94300, Malaysia

ARTICLE INFO ABSTRACT

Keywords:

Plant essential oils

Iban ginger

Freshness

0Oil yield

Phytochemical analysis
Chemical composition
Equivalent-extraction time

The present study aims to investigate the chemical properties of a new ginger species called Iban ginger. Oil
extracts yield from both fresh and dried Iban ginger were compared via Soxhlet extraction production method.
Subsequently, the chemical composition of the extracts was characterized and analysed. The associated chemical
constituents and bioactive compounds were explored using gas chromatograph mass spectrometry (GCMS) and
Fourier transformed infrared spectroscopy (FTIR) analysis for chemical constituents and plant active compound
study. Results obtained show that yield of the oil increases with the increase of extraction time, freshness of
ginger and type of solvent use. Although Iban ginger is known to be comparatively hotter in taste, the bioactive

compounds properties are similar or in close agreement with other types of gingers reported in literature. Finally,
acetone equivalent-extraction time of recycled ethanol is introduced herewith and found to be minimum around
2 h, as far as the present study is concerned.

1. Introduction

Ginger is known by its scientific name as Zingiber officinale, a mem-
ber of Zingiberaceae family. Ginger can be used for food favouring, as
ginger drink and can even as catalyst to enhance bioenergy production
[1]. Over the years, ginger has become one of the herb plants that is
often used for natural preservative and medicinal purpose due to the
presence of its bioactive compounds that provides medicinal properties
which helps to improve health. Natural preservatives derived from plant
sources have been actively studied as an alternative to synthetic materi-
als [2]. In the present research, while normal gingers are widely known
and used by many, the local ginger Iban ginger is scarce and relatively
expensive available locally in particular from Districts of Kuching and
Serian, Sarawak, Malaysia. Unlike conventional gingers, the Iban ginger
is known to be slightly hotter than ordinary gingers in taste and could
enhance spicy sensation. Generally, the usage of organic manures im-
proved quantity and quality of essential oil [3]. Organic manures play
an important role in the growth and biomass of aromatic and medici-
nal plants leading to organic and cleaner production. Also, organic ma-
nures can improve chemical compositions and the quality of aromatic
and medicinal plant viz. Dracocephalum kotschyi [4]. The present study
reports the ginger oil extracts production from Iban ginger plant (Zin-
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giber officinale) that are planted with sandy soils and organic chicken
manures.

In the production of plant oil extracts, various solvents like methanol,
ethanol, petroleum ether, dichloromethane and n-hexane had been
widely used!. Alfaro et al. [5] observed that most researchers found
ethanol as one of the best solvents due to high yield. Meanwhile,
Gongalves et al. [6] described the fractionation of Citrus bergamia essen-
tial oil using ethanol/water mixtures as solvents. Bio-oil production of
Lemon Myrtle extract oils was conducted by Bakar et al. [7] in a fixed-
bed reactor via pyrolysis method within a temperature range of 350-
550 °C. It was found that an increase in pyrolysis temperature led to a
decrease in organic acid and ketones. The present study opted for the af-
fordable conventional Soxhlet distillation extraction technique together
with the use of recycle solvent i.e. recycled ethanol to investigate its
suitability to achieve good plant extract yield. Thus the primary aim of
the present paper is to compare the Iban ginger extracts yield using ace-
tone and ethanol, estimate the acetone equivalent-extraction time and
effectiveness of employing recycled solvent i.e ethanol-recycled ethanol
for synthesis of ginger oil as compared with acetone. It is to be noted
that ethanol is about 30% more expensive than acetone. Apart from that,
this paper also presents: (i) production of oil extracts derived from local

1 It is to be noted that care must be taken when considering solvents like
methanol and dichloromethane in extraction of products as these solvents are
known toxic. There are usually for non-food applications.
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gingers from both fresh and dried ginger; and (ii) characterization and
analysis of the Iban ginger extracts.

In term of synthesis methods, over the years, many methods had
been employed by different researchers to extract different constituents
from various types of gingers, each with their advantages and disad-
vantages. Mesomo et al. [8] reported the assessment of chemical pro-
file and antibacterial activity of ginger roots extracts using supercritical
CO, as solvent. While this method can give reliable yield and minimum
decomposition changes, the overall process is expensive. Subsequently,
Khanam [9] have also employed supercritical fluid extraction method
but producing turmeric oil. Turmeric oil yield found through Soxhlet
extraction was 5.954 wt% of turmeric powder whereas through super-
critical fluid extraction, it varied from 2 to 5.3 wt%. Guo et al. [10] have
conducted extraction of gingerols and shogaols from ginger (Zingiber
officinale roscoe) through microwave-assisted extraction technique. Mi-
crowave extraction technique provide fast energy transfer thus rapid ex-
traction and time saving. Yingngam and Brantner [11] also carried out
solvent-free microwave extraction but combined with central compos-
ite design to boost the essential oil yield. Sasikala et al. [12] reported
an ultrasound-assisted extraction and adsorption of polyphenols from
Ginger Rhizome. Soxhlet extraction method is known to be marginally
better method to extract essential oil from ginger as it gives good yield
of ginger essential oil. However, the extraction conditions required the
control of the parameters such as dryness of the ginger, operating tem-
perature, length of extraction time and extraction solvent use all of
which are crucial in the extraction process in order to obtain the de-
sired compounds.

In general, there are many chemical constituents with more than
400 different compounds are found in ginger such as carbohydrates,
lipids, terpenes and phenolic compounds, as reported by Prasad and
Tyagi [13]. Ginger consist of two groups of chemical which are volatile
oil that is consist of terpenes component and pungent compounds that
consist of phenolic compound. Phenolic components in ginger con-
sist of gingerol, shogaols and paradols, while terpene components of
ginger are f-bisabolene, a-curcumene, zingiberene, a-farnesene and g-
sesquiphellandrene [14]. Both terpenes and phenolic components are
recognized as the main components of ginger extracts. Rhizome (root)
is a medicinal part of ginger where it contains a lot of bioactive com-
ponents that are associated with many health benefits and are widely
used to treat many ailments. It has medicinal qualities where it helps
to reduce inflammation, pain, nausea, lower cholesterol and also for di-
gestion (Mao et al. [14]; dos Santos Reis et al. [15]).

2. Methodology

This section discusses on the sample preparation of ginger, extraction
of ginger using Soxhlet method, separation of mixture and characteri-
zation of ginger extracts.

2.1. Sample preparation of Iban ginger

Iban ginger is selected as the raw material in this research study.
The materials are purchased from local market in Serian Daily Market,
Serian, Sarawak. The gingers are cleaned and washed in order to re-
move any extraneous matter. Next, the size of the gingers is reduced by
cutting it into smaller slices to reduce the drying time before putting it
inside the incubator oven for 1 day (24 h). The temperature of the oven
is kept below 60 °C which is the suitable drying temperature for bark
and root to avoid overheating which may result in an excessive loss of
volatile components or the decomposition of chemical constituents of
the ginger. The ginger is then grinded into powder form to increase the
surface contact area, thereby improving the mass transfer of the chem-
ical constituents from the ginger powder (tissue) into the solvent. The
aim of powdering the ginger is also to break down the tissue and cell
structure of the ginger in order to increase the contact exposure of the
chemical constituents to the extracting solvent. Both the preparation of
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Table 1
Boiling point of solvents.

Solvent  Boiling point (°C)  Miscibility with H,O  Threshold limit values (ppm)
Acetone 56 oo 1000
Ethanol 78 © 1000

the sample for fresh and dried ginger are similar, except that the dried
ginger undergoes a further 7-days of sun-drying. The sample prepara-
tion of the fresh ginger was conducted using 200 g of ginger, but after
it was dried, the ginger only weighted around 60 g, approximately 70%
weight reduction. Since the mass of sample used were constant through-
out the experiments, viz. 15 g, the loss in weight of the fresh ginger after
drying corresponding to around 35 g.

2.2. Lban ginger oil extraction using Soxhlet method

Soxhlet extraction method is an extraction technique which uses sol-
vent to separate the essential oil from the raw material [16,17]. In
this process, the Soxhlet extractor is connected to the condenser and
round bottom flask. The extraction is performed using cellulose extrac-
tion thimble. The cellulose extraction thimble is then filled with 15 g of
sample (Iban ginger powder) and placed in the Soxhlet extractor. Next,
the round bottom flask that filled with 400 mL of extraction solvent
which is acetone (C3HgO) (Merck; concentration <= 100%)) is heated,
vaporized and condensed through the condenser. The condensed liquid
is then in contact with the sample and the extract oil is obtained from
the ginger rhizome. The production of a light yellow liquid indicates the
presence of the extracts oils. As the overflow level is reached, the liquid
is discharged back to the round bottom flask. The process is repeated
until complete extraction at the specified extraction time is achieved.
Throughout this process, the extraction temperature is remained con-
stant at the boiling point of the acetone which is 56 °C. The duration
of the extraction time is recorded at 1, 1.5 and 2 h during the process.
The process is then repeated with the use of another solvent first with
ethanol (C,H5O0H) (Fisher Scientific; concentration = 95%), and subse-
quently recycled ethanol at 1.5 h of extraction. Two different solvents
which are acetone and recycled ethanol are used in this study to com-
pare the extraction efficiency between the two solvents and extraction
schemes.

2.3. Separation of mixture

The mixture of the extract oil and solvent is separated by a simple
distillation method. The mixture is heated based on the solvent boiling
point for the collection of the extract oil. Table 1 shows the boiling point
of the solvent used as the temperature of heating during the process in
order to distil the solvent. In this process, the solvent inside the mix-
ture is vaporized and passed through the condenser to be condensed
and collected as a liquid in the beaker. The amount of the extract oil
collected from fresh ginger and dried Iban ginger by using different sol-
vents which are acetone and recycled ethanol are recorded and the yield
of the extract oil is determined. The yield of the ginger extract oil can
be expressed as [16]:

mass of extracted oil (g)

Yield (%) = x 100 %

mass of sample taken (g)

2.4. Sample analysis using gas chromatography mass spectrometry
(GCMS) and Fourier transform infrared spectroscopy (FTIR)

The characterization of ginger extract oil is performed in order to
identify the chemical constituents in the ginger oil which are the pres-
ence of the bio-active compounds that is claimed to be an effective com-
ponent that provides pharmacological properties in ginger. Analysis of
chemical components in ginger extract oil is conducted using the appli-
cation of gas chromatography - mass spectrometry (GCMS) analysis and
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Fourier transform infrared spectroscopy (FTIR) analysis. GCMS is used
to identify volatile components present in ginger extract oil and FTIR is
used for determination of the functional groups of the ginger extract oil.
This analysis is presented by comparing and matching of mass spectra
and literature-based data.

The ginger oil is analyzed using Shimadzu (Japan) GC - QP2010 Plus
gas chromatography equipped with a BPX-5 column with column di-
mension of 30 m x 0.25 mm i.d. x 0.25 um, maximum temperature of
360/370 °C consisting of 5% phenyl polysilphenylene-siloxane. Helium
(99.999%) at constant flow rate of 1 mL/min is used as the carrier gas.
The initial oven temperature is programmed at 50 °C and held for 5 min
and final temperature is programmed at 280 °C and held for 10 min. GC
setup done in splitless injection mode. The injector and detector temper-
atures are 300 °C. Mass scan range (m/z) is conducted at 40-500 amu
and the ion source temperature is 200 °C. This technique consists of the
combination of GC which is used to separate the components of the mix-
ture and MS where it gives information on the structural identification
for each of the components [18]. Thus, the combination of GC and MS
techniques give advantage for the analysis of qualitative and quantita-
tive of volatile and semi volatile organic constituents in a mixture [19].
This analysis technique is widely used for determination of extract oil
constituents and the evaluation of the components can be done by com-
paring the retention time or indices of the components passing through
the column and their MS [20,21]. Thus, oils are classified by comparing
their mass spectrum to the spectrometer database using the NIST147
mass spectral database and the chemical composition of the compounds
are identified from the peak areas of GC.

Meanwhile, FTIR analyser model IRAffinity-1, Shimadzu spectrome-
ter with the wave range in the region of 400 and 4000 cm~! was used for
spectrum analysis, to investigate the structure and functional group for
the ginger oil. The ginger oil is placed at the sample holder in the FTIR
spectrometer and run for the analysis. The wavelength of the scanning is
set by using mid - IR spectrum region which is in the absorption range of
400 to 4000 cm~! and scanned in transmittance vs wavenumber mode
at room temperature.

3. Results and discussion

The present section discusses on the results of the findings and anal-
ysis of data from the experimental study conducted herein.

3.1. Effect of extraction time and ethanol solvent recycling on the yield of
Iban ginger oil

Fig. 1 shows the effect of the extraction time on the yield of ex-
tract oil with acetone, ethanol and recycled ethanol as extracting sol-
vent. The extraction time is varied in order to analyze the effect of the
extraction time on the yield of the extract oil. The extraction processes
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Fig. 1. Effect of extraction time on the yield of extract oil with different extrac-
tion solvent (Ethanol was recycled at 1.5 h of extraction).
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Fig. 2. The extraction yield of pure(initial) ethanol zone and recycled ethanol
zone. Recycled ethanol started at 1.5 h and extracted yield was measured im-
mediately thereafter.

are conducted at three time intervals i.e. for 1, 1.5 and 2 h. The recov-
ered ethanol from the distillation process is being recycled at period of
1.5 h. Based on Fig. 1, for acetone solvent, the ginger oil yield is 1.27%,
7.52% and 9.27% at extraction time of 1, 1.5 and 2 h, respectively. This
is also corresponding to the previous studies which explained that the
longer extraction period will normally resulted in a higher percentage
yield due to longer period of contact between the solvent and the so-
lute, where the longer contact time resulted in more mass transfer by
the system [22]. In the case of ethanol solvent, the use of ethanol re-
sulted in a higher percentage yield of 12.91% initially. This follow by
a gradual reduction of yield to 10.14% and 8.52%, after 1.5 and 2.0 h
of extraction time, respectively. The different of the results obtained is
attributed to the scheme of the extraction in which the solvent collected
or recovered from the distillation process is being used again during the
extraction process. Ethanol is used during the initial stage up to 1.5 h
followed by recycled ethanol thereafter. Acetone is used for extract oil
extraction during the entire process of 3 min (Fig. 2). The use of recycled
solvent (recycle ethanol) made the extraction process reduced in effec-
tiveness which in turn leading to decreasing yield results. Nevertheless,
the practical yield for the present study can up to 2 h in which the yield
generated is equal to that of pure acetone.

3.2. Effect of dryness on the amount of extract oil obtained and the yield

The results of the extraction yield are shown in Fig. 3. Based on
this figure, the yield of the oil extracted from the fresh ginger gave
the percentage yield of 1.27% when acetone is used as a solvent for
extraction and 12.91% when recycled ethanol is used as a solvent for
extraction. While, the percentage yield of dried ginger extracted using
acetone and recycled ethanol is 1.24% and 4.13% respectively. The
observation shows that the oil extracted from fresh ginger is higher
compared to the oil extracted from dried ginger.
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Fig. 3. Effect of dryness on the yield of extract oil.
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Fig. 4. Effect of solvent type (acetone and ethanol-recycled ethanol) on the
yield of extract oil.

This observation is in line with the findings of Mirhosseini et al.
[23] who reported the treatment of raw material by sun drying resulted
in faster vaporization process which in turn causing decrease of the oil
content. Thus, leads to the reduction of the extract oil yield. It is also
correlated with the finding of Arabhosseini et al. [24] and Mahayothee
et al. [25] who found the oil content of the raw materials will decrease
with the increasing of drying temperature and from a longer drying time.
This shows that the obtained result of the oil can be influenced by the
drying conditions where higher temperature and longer drying time in-
duce the loss of extract oil. Nevertheless, according to Mahayothee et al.
[25] even though volatile oil contents reduced after drying due to dif-
ferent drying methods and drying rates but their compositions were un-
changed.

3.3. Effect of solvent and extraction scheme on the yield of extract oil

In this study, two solvents are used for comparison which is recycled
ethanol and acetone. The data obtained referring to the yield of oil pro-
duced using recycled ethanol and acetone is presented in Fig. 4. Extrac-
tion using acetone which is conducted at 1hr gives extraction yield of
1.27% whereas using recycled ethanol gives extraction yield of 12.91%.
For the extraction process which is carried out at 1.5 h using recycled
ethanol gives 10.14% of the extraction yield while 7.52% is obtained
from the extraction using acetone. Both of this results reveals that recy-
cled ethanol can yield more oil compared to acetone, as far as present
study is concerned. It was also observed that the yield of oil extracted
using recycled ethanol which is conducted at 2 h was 8.52%. While
9.27% is obtained from the extraction using acetone which is higher as
compared to recycled ethanol.

Based on the overall results, the extraction of oil using acetone re-
sulted in the lower percentage yields as compared to recycled ethanol
at extraction time up to 2 h. The difference in the results obtained could
be due to the extraction procedure and the polarity of the solvents. Gen-
erally, ethanol is more polar than acetone [26,27]. These results are in
good agreement with literature. According to Truong et al. [27], ex-
traction efficiency favours higher polarity solvents where extraction us-
ing methanol, distilled water and ethanol resulted in higher extraction
yields compared to chloroform, dichloromethane and acetone. There-
fore, in the present study, initially finding indicates that ethanol is the
better solvent to extract oil from the Iban ginger since it resulted in supe-
rior extraction yield compared to acetone. However, the use of recycle
ethanol would be pragmatic only at the initial time interval up to 2 h;
at 2 h and beyond, acetone will outperform recycle ethanol, as far as
present study is concerned.

3.4. Analysis and characterization of ginger extract oil

The analysis was carried out by GCMS and FTIR spectrometer. The
results are presented and discussed in Sections 3.4.1 and 3.4.2, respec-
tively.
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Fig. 5. GCMS chromatogram at extraction time of 1 h. (a) Fresh Iban gin-
ger + acetone; (b) fresh Iban ginger + ethanol; (c) dried Iban ginger + acetone;
(d) dried Iban ginger + ethanol.

3.4.1. Analysis of ginger extract oil using gas chromatography mass
spectrometry (GCMS)

Fig. 5a represents the GCMS chromatogram of fresh Iban gin-
ger where acetone is used as the extraction solvent while Fig. 5b
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Table 2
GCMS analysis of chemical constituents of fresh Iban ginger using different solvent type.
Compounds Chemical formula Acetone Ethanol
peak Retention time (min) Amount (%) peak Retention time (min) Amount (%)
Zingerone Ci1H,405 36 23.796 3.17 37 23.812 3.14
a-farnesene CisHay 25 20.811 2.60 24 20.902 12.18
p-bisabolene Cy5Hyy 26 20.959 4.56 25 21.093 4.05
p-sesquiphellandrene Ci5Hoy 27 21.330 6.27 26 21.453 6.39
Zingiberene CisHay 24 20.736 6.32 46 25.420 0.52
Decanal CyoHyO0 6 14.487 0.86 4 14.500 1.20
[6]-Gingerol C17Hy60, 72 32,721 1.00 75 32.736 1.00
[6] - Shogaol C17H,,04 73 33.600 472 76 33.595 4.93
77 33.787
74 33.710
a-Curcumene CysHyy 22 20.390 1.21 23 20.530 1.76
23 20.433
Geranyl acetate C1,H,00, 14 18.197 2.48 11 18.248 3.54
Geraniol CioHig 11 15.567 1.06 6 15.584 1.37
Table 3

GCMS analysis of chemical constituents of dried Iban ginger employing different solvent type.

Compounds Chemical formula Acetone Ethanol
peak Retention time (min) Amount (%) peak Retention time (min) Amount (%)
Zingerone C;1H1404 37 23.799 3.69 30 23.835 2.30
a-Farnesene Ci5Hoy 19 20.905 1.05 18 22.009 1.69
p-Bisabolene CisHayy 20 21.058 4.64 16 21.348 1.41
p-Sesquiphellandrene Ci5Hayy 23 21.435 5.88 17 21.708 4.64
Zingiberene Ci5Hoy 17 20.675 9.13 9 18.689 0.71
18 20.841
Decanal C1oHy0 2 14.503 1.38 - - -
[6]-Gingerol Cy7Hy60,4 76 32.747 1.00 76 34.441 1.43
77 34.996
[6] - Shogaol C17Hy40, 77 33.590 5.70 71 32.638 2.26
78 33.795
a-Curcumene Ci5Hyy 16 20.507 1.09 22 22.393 0.25
Geranyl acetate C1oHy0, 8 18.161 0.96 7 18.204 4.14
Geraniol CioHyg 5 15.542 0.20 5 15.542 0.46

represents GCMS chromatogram of fresh Iban ginger where ethanol is
used as a solvent for the extraction. Next, Fig. 5c and d shows GCMS
chromatogram of dried Iban ginger in which acetone and ethanol are
used as the solvent for the extraction process. Some of the major com-
pounds identified in fresh and dried ginger are listed in Tables 2 and
3 along with their peak, retention time as well as their percentage
compositions for the comparison. The main constituents of the Iban
ginger oil in the terpene compounds is a-farnesene, g-bisabolene, -
sesquiphellandrene, zingiberene and a-curcumene. In this research, all
of this components are present in both fresh and dried Iban ginger. Next,
the results also show that the major constituents of phenolic compounds
are also found in ginger oil which are zingerone, shogaols and gingerols.

As can be seen in Table 2 for GCMS analysis of chemical constituents
of fresh Iban ginger oil when acetone is used as solvent, the sample
is found to have zingerone (3.17%), a-farnesene (2.60%), f-bisabolene
(4.56%), p-sesquiphellandrene (6.27%), zingiberene (6.32%), decanal
(0.86%), [6]-gingerol (1.00%), [6]-shogaol (4.27%), a-curcumene
(1.21%), geranyl acetate (2.48%) and geraniol (1.06%) as the most
abundant compounds. According to the results obtained from the stud-
ies, the major component present in this sample is zingiberene fol-
lowed by g-sesquiphellandrene and [6]-shogaol. These findings are also
correlated with the report of the previous studies in which the re-
searcher stated that the main compounds found in the fresh ginger
oil are zingiberene, a-farnesene, f-sesquiphellandrene and a-curcumene
(see Mahboubi [28]). While for ethanol, the amount of the main com-
pounds found in the fresh ginger oil are zingerone (3.14%), a-farnesene
(12.18%), p-bisabolene (4.05%), pB-sesquiphellandrene (6.39%), zin-
giberene (0.52%), decanal (1.20%), [6]-gingerol (1.00%), [6] - shogaol
(4.93%), a-curcumene (1.76%), geranyl acetate (3.54%) and geraniol

(1.37%). a-farnesene is the main component contained in this sample
followed by p-sesquiphellandrene and zingiberene. These results are
also in harmony with the findings of Mahboubi [28] as have been ex-
plained previously.

On the other hand, GCMS analysis of dried Iban ginger for ace-
tone as shown in Table 3 showed that the most abundant compounds
are zingerone (3.69%), a-farnesene (1.05%), p-bisabolene (4.64%), f-
sesquiphellandrene (5.88%), zingiberene (9.13%), decanal (1.38%),
[6]-gingerol (1.00%), [6]-shogaol (5.70%), a-curcumene (1.09%), ger-
anyl acetate (0.96%) and geraniol (0.20%). This finding show that
zingiberene, f-sesquiphellandrene and [6]-shogaol are the main com-
ponents present in the sample. Furthermore, zingerone (2.30%),
a-farnesene (1.69%), p-bisabolene (1.41%), p-sesquiphellandrene
(4.64%), zingiberene (0.71%), [6]-gingerol (1.43%), [6]-shogaol
(2.26%), a-curcumene (0.25%), geranyl acetate (4.14%) and geraniol
(0.46%) are the major compounds found in dried Iban ginger oil for
ethanol as shown in Table 3. Besides, there is no decanal compounds
is detected in this sample. p-sesquiphellandrene is the main compo-
nent contained in this dried ginger oil followed by geranyl acetate and
zingerone.

Based on these studies, the largest amount of zingerone and shogaols
are found in dried ginger oil as compared to fresh ginger. Both zingerone
and shogaols are one of the pungent compounds of the ginger oil.
Zingerone is mainly occurred in dry ginger. Ahmad et al. [29] and an-
other earliest study by Connell and Sutherland [30] also stated that large
amount of zingerone and shogaols are found in dried ginger whilst only
small amounts are discovered in fresh ginger. The presence of these com-
pounds in the ginger oil gives antioxidant and anti-inflammatory prop-
erties. Moreover, gingerols as one of the main bioactive compounds are
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found in the small amount in both fresh and dried Iban ginger which
is only around 1.00%-1.43%. These compounds also provide medic-
inal properties where it also gives anti-inflammatory and antioxidant
effects as zingerone and shogaols. The reason that causes low gingerol
content that is detected in the ginger can be that gingerols have been
decomposed into zingerone and shogaol at high temperature of more
than 45 °C. [31]. Thus, also explained the reason for higher amount of
zingerone and shogaols in the samples. For terpenes compounds, the
most abundant found in fresh ginger oil is zingiberene and a-farnesene
(Table 2) while zingiberene and g-sesquiphellandrene in dried ginger oil
(Table 3). In addition, acetone extract contains substantially more zin-
giberene than ethanol extract in both fresh and dried ginger. Zingiberene
is one of the main constituent of Iban ginger oil in terpenes com-
pound. The previous studies by Gonzalez-Burgos and Gomez-Serranillos
[32] show that terpenes have been shown to have antimicrobial, anti-
inflammatory, antiulcerogenic, anticancer and antioxidant properties.
Terpenes have a chemical structures that indicate antioxidant activities,
which appear to be an important molecules with high antioxidant poten-
tial for human health [32]. According to Borges et al. [33], acetone was
the most effective extraction solvent in terms of antioxidant capability
and there was no extraction method excelled at extracting antioxidant
compounds as it was highly depended on the extraction solvent used.
Earlier, Sharma and Gupta [34] also stated that the traditional extrac-
tion method involves juicing and introducing acetone as the extraction
solvent is more effective than ethanol. Thus, explained the reason for
the higher amount of zingiberene in both fresh and dried ginger when
using acetone as the extraction solvent compared to using ethanol as an
extraction solvent. The results show that the chemical composition of
the ginger oil is found varied among the samples. Nonetheless, all these
compounds poses similar function where it contributes to pharmacolog-
ical properties of ginger. Lastly, the presence of geranyl acetate gives
floral fruity and sweet aroma of the ginger.

3.4.2. Analysis of ginger extract oil using Fourier transform infrared
(FTIR) spectrometer

The infrared spectrum of fresh Iban ginger oil using acetone as an
extraction solvent are presented in Fig. 6a. The wavelength of the in-
frared spectrum is in the range of 561.29 cm~! to 3379.29 cm~! There
are 10 functional compounds found in the sample. The spectrum of
ginger oil showed an OH-H group at 3379.29 cm~!. This broad ab-
sorption band confirms the existence of hydroxyl compounds as it fol-
lowed with presence of spectra at the frequencies of 1369.46 cm™!,
1031.92 cm™! and 806.25 cm™~!. Thus, this shows that Iban ginger con-
tains phenolic compounds which possess antioxidant potential which
are zingerone, [6]-shogaols and [6]-gingerols. Next, the presence of nar-
row band at 2924.09 cm~! can be attributed to aliphatic compounds
which is identified as carboxylic acid group. This finding are supported
by the previous studies which also found that at wavelength between
2872 cm~! and 3022 cm™! are confirmed to be related to carboxylic
acid group Farshbaf-Sadigh [35]. It is also correlated with the find-
ing of Jayanudin and Rochmadi [36] who reported that the band ap-
peared at 2924.7 cm~! in the spectrum of ginger oleoresin are identi-
fied as an OH-H group. The presence of this carboxylic acid compounds
may be attributed to fatty acids contents in ginger oil. Other than that,
there are peaks appeared at 1514.12 cm~! and 1448.54 cm™! illustrated
the presence of C=C aromatic compounds with the vibration of ring
aromatic stretch. This band possibly confirms the existence of zinge-
berene and bisabolene compounds in the ginger. These results are in
line with the findings of Purnomo et al. [37] which reported that the
presence of C=C aromatic compounds are observed at 1514.98 cm~!
and 1449.41 cm~!. The wavelength of 1707 cm~! with intensity of
83.31 is also observed where it indicated as ester group. This shows
that monoterpene compounds such as geranyl acetate may be found in
the ginger oil. Peak 1707 cm~! may also confirms the existence of ke-
tones such as monoterpene compounds and aldehyde such as decanal
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Fig. 6. Infrared spectrum of (a) fresh Iban ginger extract oil using acetone as
an extraction solvent; and (b) fresh Iban ginger extract oil using ethanol as an
extraction solvent.

and geranial compounds in the ginger oil. Other bands are also observed
at 1257.59 cm™!, 806.25 cm™! and 561.29 cm™!.

Next, Fig. 6a shows the infrared spectrum of fresh Iban ginger oil
using ethanol as an extraction solvent. The wavelength of the infrared
spectrum are in the range of 592.15 cm~! to 3275.13 cm~!. There are
7 functional compounds are found in the sample. Based on Fig. 6b, the
FTIR spectra of this ginger oil extracted using ethanol at 3275.13 cm™!
is indicated as hydrogen bond. The presence of this band is confirmed
to be related to hydroxyl compounds with the presence of the spectra at
the frequencies of 1365.6 cm™!, 1029.99 cm~! and 613.36 cm~!. This
indicates that Iban ginger may contain phenolic compounds which have
antioxidant potential as also stated in Fig. 6a. The presence of pheno-
lic compounds may be attributed to zingerone, [6]-shogaols and [6]-
gingerols. The narrow band appeared at 2929.87 cm™! illustrated the
presence of aliphatic compounds. Farshbaf-Sadigh et al. [35] reported
that the presence of absorption in the spectrum of between 2872 cm™!
and 3022 cm~! were determined to be associated with carboxylic acid
group. (Farshbaf-Sadigh et al. [35]). Thus, this band is identified as a
carboxylic acid group and this may be due to fatty acids contents in
ginger oil. The wavelength of 1639.49 cm~! with intensity of 79.22 is
also observed where it indicated the presence of C=C aromatic com-
pound. This band confirms the existence of zingeberene and bisabolene
compounds in the ginger. Other band is also identified at 592.15 cm™!.
Based on the discussion of the infrared spectrum of the fresh Iban gin-
ger oil in both Fig. 6a and b, it can be deduced that both samples pos-
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sess similar functional compounds. This also shows that the results are
not really affected by the extraction solvents. From the FTIR analysis,
the organic compounds that are able to be identified are phenolic com-
pounds, carboxylic acid group, aldehydes, ketones, esters and aromatic
compounds.

Finally, for completeness purpose it is worth to be noted that, in term
of extract oil quality, it was reported generally the usage of organic ma-
nures improved quantity and quality of extract oil [4]. The present study
reported the extract oil production from Iban ginger plant (Zingiber of-
ficinale) that are planted with sandy soils and organic chicken manures.

4. Conclusion and recommendation for the further work

The present work extract oil production from both fresh and dried
Iban ginger via Soxhlet extraction production method. It also describes
solvent design schemes and introduces acetone equivalent-extraction
time concept in which recycled ethanol has been shown can be feasible
for use here for the Iban ginger plant oil extraction. In this work, from the
Soxhlet extraction experiment conducted, on the effect of dryness shows
that the oil yield extracted from fresh ginger is higher compared to the
oil extracted from dried ginger. Ethanol is superior solvent compared
to acetone for extracting bioactive compounds from ginger since it re-
sulted in higher yield of ginger oil. Recycled ethanol extraction scheme
had been proven herein for practical use especially during ~2 h of ace-
tone equivalent-extraction time, as far as the present study is concern.
Based on the analysis results from GCMS and FTIR, it is further con-
cluded that the components present in Iban ginger oil offers properties
close or similar to other gingers such as red ginger. The organic com-
pounds identified are phenolic compounds, carboxylic acid group, alde-
hydes, ketones, esters and aromatic compounds. The main constituents
of ginger oil in the terpene compounds are a-farnesene, f-bisabolene,
p-sesquiphellandrene, zingiberene and a-curcumene and major con-
stituents of phenolic compounds which are zingerone, shogaols and gin-
gerols found in both fresh and dried Iban ginger. The present findings
may pave the way for further research on the bioactive compounds and
the more detail extracts oil properties for various applications e.g. insect
repellent, soap, detergent, and for external usages of various treatments
in the near future. Also, the effects of temperature can be further tested
in the future.
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