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a b s t r a c t 

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. 
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. Introduction 

Ginger is known by its scientific name as Zingiber officinale, a mem-

er of Zingiberaceae family. Ginger can be used for food favouring, as

inger drink and can even as catalyst to enhance bioenergy production

1] . Over the years, ginger has become one of the herb plants that is

ften used for natural preservative and medicinal purpose due to the

resence of its bioactive compounds that provides medicinal properties

hich helps to improve health. Natural preservatives derived from plant

ources have been actively studied as an alternative to synthetic materi-

ls [2] . In the present research, while normal gingers are widely known

nd used by many, the local ginger Iban ginger is scarce and relatively

xpensive available locally in particular from Districts of Kuching and

erian, Sarawak, Malaysia. Unlike conventional gingers, the Iban ginger

s known to be slightly hotter than ordinary gingers in taste and could

nhance spicy sensation. Generally, the usage of organic manures im-

roved quantity and quality of essential oil [3] . Organic manures play

n important role in the growth and biomass of aromatic and medici-

al plants leading to organic and cleaner production. Also, organic ma-

ures can improve chemical compositions and the quality of aromatic

nd medicinal plant viz. Dracocephalum kotschyi [4] . The present study

eports the ginger oil extracts production from Iban ginger plant ( Zin-
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iber officinale ) that are planted with sandy soils and organic chicken

anures. 

In the production of plant oil extracts, various solvents like methanol,

thanol, petroleum ether, dichloromethane and n -hexane had been

idely used 1 . Alfaro et al. [5] observed that most researchers found

thanol as one of the best solvents due to high yield. Meanwhile,

onçalves et al. [6] described the fractionation of Citrus bergamia essen-

ial oil using ethanol/water mixtures as solvents. Bio-oil production of

emon Myrtle extract oils was conducted by Bakar et al. [7] in a fixed-

ed reactor via pyrolysis method within a temperature range of 350–

50 °C. It was found that an increase in pyrolysis temperature led to a

ecrease in organic acid and ketones. The present study opted for the af-

ordable conventional Soxhlet distillation extraction technique together

ith the use of recycle solvent i.e. recycled ethanol to investigate its

uitability to achieve good plant extract yield. Thus the primary aim of

he present paper is to compare the Iban ginger extracts yield using ace-

one and ethanol, estimate the acetone equivalent-extraction time and

ffectiveness of employing recycled solvent i.e ethanol-recycled ethanol

or synthesis of ginger oil as compared with acetone. It is to be noted

hat ethanol is about 30% more expensive than acetone. Apart from that,

his 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 

ethanol and dichloromethane in extraction of products as these solvents are 

nown toxic. There are usually for non-food applications. 
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Table 1 

Boiling point of solvents. 

Solvent Boiling point (°C) Miscibility with H 2 O Threshold limit values (ppm) 

Acetone 56 ∞ 1000 

Ethanol 78 ∞ 1000 
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ingers from both fresh and dried ginger; and (ii) characterization and

nalysis of the Iban ginger extracts. 

In term of synthesis methods, over the years, many methods had

een employed by different researchers to extract different constituents

rom various types of gingers, each with their advantages and disad-

antages. Mesomo et al. [8] reported the assessment of chemical pro-

le and antibacterial activity of ginger roots extracts using supercritical

O 2 as solvent. While this method can give reliable yield and minimum

ecomposition changes, the overall process is expensive. Subsequently,

hanam [9] have also employed supercritical fluid extraction method

ut producing turmeric oil. Turmeric oil yield found through Soxhlet

xtraction was 5.954 wt% of turmeric powder whereas through super-

ritical fluid extraction, it varied from 2 to 5.3 wt%. Guo et al. [10] have

onducted extraction of gingerols and shogaols from ginger ( Zingiber

fficinale roscoe) through microwave-assisted extraction technique. Mi-

rowave extraction technique provide fast energy transfer thus rapid ex-

raction and time saving. Yingngam and Brantner [11] also carried out

olvent-free microwave extraction but combined with central compos-

te design to boost the essential oil yield. Sasikala et al. [12] reported

n ultrasound-assisted extraction and adsorption of polyphenols from

inger Rhizome. Soxhlet extraction method is known to be marginally

etter method to extract essential oil from ginger as it gives good yield

f ginger essential oil. However, the extraction conditions required the

ontrol of the parameters such as dryness of the ginger, operating tem-

erature, length of extraction time and extraction solvent use all of

hich are crucial in the extraction process in order to obtain the de-

ired compounds. 

In general, there are many chemical constituents with more than

00 different compounds are found in ginger such as carbohydrates,

ipids, terpenes and phenolic compounds, as reported by Prasad and

yagi [13] . Ginger consist of two groups of chemical which are volatile

il that is consist of terpenes component and pungent compounds that

onsist of phenolic compound. Phenolic components in ginger con-

ist of gingerol, shogaols and paradols, while terpene components of

inger are 𝛽-bisabolene, 𝛼-curcumene, zingiberene, 𝛼-farnesene and 𝛽-

esquiphellandrene [14] . Both terpenes and phenolic components are

ecognized as the main components of ginger extracts. Rhizome (root)

s a medicinal part of ginger where it contains a lot of bioactive com-

onents that are associated with many health benefits and are widely

sed to treat many ailments. It has medicinal qualities where it helps

o reduce inflammation, pain, nausea, lower cholesterol and also for di-

estion (Mao et al. [14] ; dos Santos Reis et al. [15] ). 

. Methodology 

This section discusses on the sample preparation of ginger, extraction

f ginger using Soxhlet method, separation of mixture and characteri-

ation of ginger extracts. 

.1. Sample preparation of Iban ginger 

Iban ginger is selected as the raw material in this research study.

he materials are purchased from local market in Serian Daily Market,

erian, Sarawak. The gingers are cleaned and washed in order to re-

ove any extraneous matter. Next, the size of the gingers is reduced by

utting it into smaller slices to reduce the drying time before putting it

nside the incubator oven for 1 day (24 h). The temperature of the oven

s kept below 60 °C which is the suitable drying temperature for bark

nd root to avoid overheating which may result in an excessive loss of

olatile components or the decomposition of chemical constituents of

he ginger. The ginger is then grinded into powder form to increase the

urface contact area, thereby improving the mass transfer of the chem-

cal constituents from the ginger powder (tissue) into the solvent. The

im of powdering the ginger is also to break down the tissue and cell

tructure of the ginger in order to increase the contact exposure of the

hemical constituents to the extracting solvent. Both the preparation of
2 
he sample for fresh and dried ginger are similar, except that the dried

inger undergoes a further 7-days of sun-drying. The sample prepara-

ion of the fresh ginger was conducted using 200 g of ginger, but after

t was dried, the ginger only weighted around 60 g, approximately 70%

eight reduction. Since the mass of sample used were constant through-

ut the experiments, viz. 15 g, the loss in weight of the fresh ginger after

rying corresponding to around 35 g. 

.2. Lban ginger oil extraction using Soxhlet method 

Soxhlet extraction method is an extraction technique which uses sol-

ent to separate the essential oil from the raw material [16,17] . In

his process, the Soxhlet extractor is connected to the condenser and

ound bottom flask. The extraction is performed using cellulose extrac-

ion thimble. The cellulose extraction thimble is then filled with 15 g of

ample ( Iban ginger powder) and placed in the Soxhlet extractor. Next,

he round bottom flask that filled with 400 mL of extraction solvent

hich is acetone (C 3 H 6 O) (Merck; concentration < = 100%)) is heated,

aporized and condensed through the condenser. The condensed liquid

s then in contact with the sample and the extract oil is obtained from

he ginger rhizome. The production of a light yellow liquid indicates the

resence of the extracts oils. As the overflow level is reached, the liquid

s discharged back to the round bottom flask. The process is repeated

ntil complete extraction at the specified extraction time is achieved.

hroughout this process, the extraction temperature is remained con-

tant at the boiling point of the acetone which is 56 °C. The duration

f the extraction time is recorded at 1, 1.5 and 2 h during the process.

he process is then repeated with the use of another solvent first with

thanol (C 2 H 5 OH) (Fisher Scientific; concentration = 95%), and subse-

uently recycled ethanol at 1.5 h of extraction. Two different solvents

hich are acetone and recycled ethanol are used in this study to com-

are the extraction efficiency between the two solvents and extraction

chemes. 

.3. Separation of mixture 

The mixture of the extract oil and solvent is separated by a simple

istillation method. The mixture is heated based on the solvent boiling

oint for the collection of the extract oil. Table 1 shows the boiling point

f the solvent used as the temperature of heating during the process in

rder to distil the solvent. In this process, the solvent inside the mix-

ure is vaporized and passed through the condenser to be condensed

nd collected as a liquid in the beaker. The amount of the extract oil

ollected from fresh ginger and dried Iban ginger by using different sol-

ents which are acetone and recycled ethanol are recorded and the yield

f the extract oil is determined. The yield of the ginger extract oil can

e expressed as [16] : 

ield ( % ) = 

mass of ext ract ed oil ( g ) 
mass of sample taken ( g ) 

x 100 % 

.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

dentify the chemical constituents in the ginger oil which are the pres-

nce of the bio-active compounds that is claimed to be an effective com-

onent that provides pharmacological properties in ginger. Analysis of

hemical components in ginger extract oil is conducted using the appli-

ation of gas chromatography - mass spectrometry (GCMS) analysis and
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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. 
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o  
ourier transform infrared spectroscopy (FTIR) analysis. GCMS is used

o identify volatile components present in ginger extract oil and FTIR is

sed for determination of the functional groups of the ginger extract oil.

his analysis is presented by comparing and matching of mass spectra

nd literature-based data. 

The ginger oil is analyzed using Shimadzu (Japan) GC - QP2010 Plus

as chromatography equipped with a BPX-5 column with column di-

ension of 30 m × 0.25 mm i.d. × 0.25 μm, maximum temperature of

60/370 °C consisting of 5% phenyl polysilphenylene-siloxane. Helium

99.999%) at constant flow rate of 1 mL/min is used as the carrier gas.

he initial oven temperature is programmed at 50 °C and held for 5 min

nd final temperature is programmed at 280 °C and held for 10 min. GC

etup done in splitless injection mode. The injector and detector temper-

tures are 300 °C. Mass scan range ( m / z ) is conducted at 40–500 amu

nd the ion source temperature is 200 °C. This technique consists of the

ombination of GC which is used to separate the components of the mix-

ure and MS where it gives information on the structural identification

or each of the components [18] . Thus, the combination of GC and MS

echniques give advantage for the analysis of qualitative and quantita-

ive of volatile and semi volatile organic constituents in a mixture [19] .

his analysis technique is widely used for determination of extract oil

onstituents and the evaluation of the components can be done by com-

aring the retention time or indices of the components passing through

he column and their MS [20,21] . Thus, oils are classified by comparing

heir mass spectrum to the spectrometer database using the NIST147

ass spectral database and the chemical composition of the compounds

re identified from the peak areas of GC. 

Meanwhile, FTIR analyser model IRAffinity-1, Shimadzu spectrome-

er with the wave range in the region of 400 and 4000 cm 

− 1 was used for

pectrum analysis, to investigate the structure and functional group for

he ginger oil. The ginger oil is placed at the sample holder in the FTIR

pectrometer and run for the analysis. The wavelength of the scanning is

et by using mid - IR spectrum region which is in the absorption range of

00 to 4000 cm 

− 1 and scanned in transmittance vs wavenumber mode

t room temperature. 

. Results and discussion 

The present section discusses on the results of the findings and anal-

sis of data from the experimental study conducted herein. 

.1. Effect of extraction time and ethanol solvent recycling on the yield of 

ban ginger oil 

Fig. 1 shows the effect of the extraction time on the yield of ex-

ract oil with acetone, ethanol and recycled ethanol as extracting sol-

ent. The extraction time is varied in order to analyze the effect of the

xtraction time on the yield of the extract oil. The extraction processes
ig. 1. Effect of extraction time on the yield of extract oil with different extrac- 

ion solvent (Ethanol was recycled at 1.5 h of extraction). 

c

3 
re conducted at three time intervals i.e. for 1, 1.5 and 2 h. The recov-

red ethanol from the distillation process is being recycled at period of

.5 h. Based on Fig. 1 , for acetone solvent, the ginger oil yield is 1.27%,

.52% and 9.27% at extraction time of 1, 1.5 and 2 h, respectively. This

s also corresponding to the previous studies which explained that the

onger extraction period will normally resulted in a higher percentage

ield due to longer period of contact between the solvent and the so-

ute, where the longer contact time resulted in more mass transfer by

he system [22] . In the case of ethanol solvent, the use of ethanol re-

ulted in a higher percentage yield of 12.91% initially. This follow by

 gradual reduction of yield to 10.14% and 8.52%, after 1.5 and 2.0 h

f extraction time, respectively. The different of the results obtained is

ttributed to the scheme of the extraction in which the solvent collected

r recovered from the distillation process is being used again during the

xtraction process. Ethanol is used during the initial stage up to 1.5 h

ollowed by recycled ethanol thereafter. Acetone is used for extract oil

xtraction during the entire process of 3 min ( Fig. 2 ). The use of recycled

olvent (recycle ethanol) made the extraction process reduced in effec-

iveness which in turn leading to decreasing yield results. Nevertheless,

he practical yield for the present study can up to 2 h in which the yield

enerated is equal to that of pure acetone. 

.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

his figure, the yield of the oil extracted from the fresh ginger gave

he percentage yield of 1.27% when acetone is used as a solvent for

xtraction and 12.91% when recycled ethanol is used as a solvent for

xtraction. While, the percentage yield of dried ginger extracted using

cetone and recycled ethanol is 1.24% and 4.13% respectively. The

bservation shows that the oil extracted from fresh ginger is higher

ompared to the oil extracted from dried ginger. 
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. 
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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. 
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This observation is in line with the findings of Mirhosseini et al.

23] who reported the treatment of raw material by sun drying resulted

n faster vaporization process which in turn causing decrease of the oil

ontent. Thus, leads to the reduction of the extract oil yield. It is also

orrelated with the finding of Arabhosseini et al. [24] and Mahayothee

t al. [25] who found the oil content of the raw materials will decrease

ith the increasing of drying temperature and from a longer drying time.

his shows that the obtained result of the oil can be influenced by the

rying conditions where higher temperature and longer drying time in-

uce the loss of extract oil. Nevertheless, according to Mahayothee et al.

25] even though volatile oil contents reduced after drying due to dif-

erent drying methods and drying rates but their compositions were un-

hanged. 

.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

thanol and acetone. The data obtained referring to the yield of oil pro-

uced using recycled ethanol and acetone is presented in Fig. 4 . Extrac-

ion using acetone which is conducted at 1hr gives extraction yield of

.27% whereas using recycled ethanol gives extraction yield of 12.91%.

or the extraction process which is carried out at 1.5 h using recycled

thanol gives 10.14% of the extraction yield while 7.52% is obtained

rom the extraction using acetone. Both of this results reveals that recy-

led ethanol can yield more oil compared to acetone, as far as present

tudy is concerned. It was also observed that the yield of oil extracted

sing recycled ethanol which is conducted at 2 h was 8.52%. While

.27% is obtained from the extraction using acetone which is higher as

ompared to recycled ethanol. 

Based on the overall results, the extraction of oil using acetone re-

ulted in the lower percentage yields as compared to recycled ethanol

t extraction time up to 2 h. The difference in the results obtained could

e due to the extraction procedure and the polarity of the solvents. Gen-

rally, ethanol is more polar than acetone [26,27] . These results are in

ood agreement with literature. According to Truong et al. [27] , ex-

raction efficiency favours higher polarity solvents where extraction us-

ng methanol, distilled water and ethanol resulted in higher extraction

ields compared to chloroform, dichloromethane and acetone. There-

ore, in the present study, initially finding indicates that ethanol is the

etter solvent to extract oil from the Iban ginger since it resulted in supe-

ior extraction yield compared to acetone. However, the use of recycle

thanol would be pragmatic only at the initial time interval up to 2 h;

t 2 h and beyond, acetone will outperform recycle ethanol, as far as

resent study is concerned. 

.4. Analysis and characterization of ginger extract oil 

The analysis was carried out by GCMS and FTIR spectrometer. The

esults are presented and discussed in Sections 3.4.1 and 3.4.2 , respec-

ively. 
4 
.4.1. Analysis of ginger extract oil using gas chromatography mass 

pectrometry (GCMS) 

Fig. 5 a represents the GCMS chromatogram of fresh Iban gin-

er where acetone is used as the extraction solvent while Fig. 5 b
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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 C 11 H 14 O 3 36 23.796 3.17 37 23.812 3.14 

𝛼-farnesene C 15 H 24 25 20.811 2.60 24 20.902 12.18 

𝛽-bisabolene C 15 H 24 26 20.959 4.56 25 21.093 4.05 

𝛽-sesquiphellandrene C 15 H 24 27 21.330 6.27 26 21.453 6.39 

Zingiberene C 15 H 24 24 20.736 6.32 46 25.420 0.52 

Decanal C 10 H 20 O 6 14.487 0.86 4 14.500 1.20 

[6]-Gingerol C 17 H 26 O 4 72 32.721 1.00 75 32.736 1.00 

[6] - Shogaol C 17 H 24 O 3 73 33.600 4.72 76 33.595 4.93 

77 33.787 

74 33.710 

𝛼-Curcumene C 15 H 22 22 20.390 1.21 23 20.530 1.76 

23 20.433 

Geranyl acetate C 12 H 20 O 2 14 18.197 2.48 11 18.248 3.54 

Geraniol C 10 H 18 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 11 H 14 O 3 37 23.799 3.69 30 23.835 2.30 

𝛼-Farnesene C 15 H 24 19 20.905 1.05 18 22.009 1.69 

𝛽-Bisabolene C 15 H 24 20 21.058 4.64 16 21.348 1.41 

𝛽-Sesquiphellandrene C 15 H 24 23 21.435 5.88 17 21.708 4.64 

Zingiberene C 15 H 24 17 20.675 9.13 9 18.689 0.71 

18 20.841 

Decanal C 10 H 20 O 2 14.503 1.38 - - - 

[6]-Gingerol C 17 H 26 O 4 76 32.747 1.00 76 34.441 1.43 

77 34.996 

[6] - Shogaol C 17 H 24 O 3 77 33.590 5.70 71 32.638 2.26 

78 33.795 

𝛼-Curcumene C 15 H 22 16 20.507 1.09 22 22.393 0.25 

Geranyl acetate C 12 H 20 O 2 8 18.161 0.96 7 18.204 4.14 

Geraniol C 10 H 18 5 15.542 0.20 5 15.542 0.46 

r  

u  

c  

u  

p  

3  

c  

g  

s  

o  

t  

a  

 

o  

i  

(  

(  

(  

a  

i  

l  

c  

s  

o  

(  

p  

(  

g  

(  

(  

f  

a  

p

 

t  

a  

s  

[  

a  

z  

p  

𝛼  

(  

(  

(  

e  

i  

n  

z

 

a  

a  

Z  

o  

a  

s  

p  

e  
epresents GCMS chromatogram of fresh Iban ginger where ethanol is

sed as a solvent for the extraction. Next, Fig. 5 c and d shows GCMS

hromatogram of dried Iban ginger in which acetone and ethanol are

sed as the solvent for the extraction process. Some of the major com-

ounds identified in fresh and dried ginger are listed in Tables 2 and

 along with their peak, retention time as well as their percentage

ompositions for the comparison. The main constituents of the Iban

inger oil in the terpene compounds is 𝛼-farnesene, 𝛽-bisabolene, 𝛽-

esquiphellandrene, zingiberene and 𝛼-curcumene. In this research, all

f this components are present in both fresh and dried Iban ginger. Next,

he results also show that the major constituents of phenolic compounds

re also found in ginger oil which are zingerone, shogaols and gingerols.

As can be seen in Table 2 for GCMS analysis of chemical constituents

f fresh Iban ginger oil when acetone is used as solvent, the sample

s found to have zingerone (3.17%), 𝛼-farnesene (2.60%), 𝛽-bisabolene

4.56%), 𝛽-sesquiphellandrene (6.27%), zingiberene (6.32%), decanal

0.86%), [6]-gingerol (1.00%), [6]-shogaol (4.27%), 𝛼-curcumene

1.21%), geranyl acetate (2.48%) and geraniol (1.06%) as the most

bundant compounds. According to the results obtained from the stud-

es, the major component present in this sample is zingiberene fol-

owed by 𝛽-sesquiphellandrene and [6]-shogaol. These findings are also

orrelated with the report of the previous studies in which the re-

earcher stated that the main compounds found in the fresh ginger

il are zingiberene, 𝛼-farnesene, 𝛽-sesquiphellandrene and 𝛼-curcumene

see Mahboubi [28] ). While for ethanol, the amount of the main com-

ounds found in the fresh ginger oil are zingerone (3.14%), 𝛼-farnesene

12.18%), 𝛽-bisabolene (4.05%), 𝛽-sesquiphellandrene (6.39%), zin-

iberene (0.52%), decanal (1.20%), [6]-gingerol (1.00%), [6] - shogaol

4.93%), 𝛼-curcumene (1.76%), geranyl acetate (3.54%) and geraniol
5 
1.37%). 𝛼-farnesene is the main component contained in this sample

ollowed by 𝛽-sesquiphellandrene and zingiberene. These results are

lso in harmony with the findings of Mahboubi [28] as have been ex-

lained previously. 

On the other hand, GCMS analysis of dried Iban ginger for ace-

one as shown in Table 3 showed that the most abundant compounds

re zingerone (3.69%), 𝛼-farnesene (1.05%), 𝛽-bisabolene (4.64%), 𝛽-

esquiphellandrene (5.88%), zingiberene (9.13%), decanal (1.38%),

6]-gingerol (1.00%), [6]-shogaol (5.70%), 𝛼-curcumene (1.09%), ger-

nyl acetate (0.96%) and geraniol (0.20%). This finding show that

ingiberene, 𝛽-sesquiphellandrene and [6]-shogaol are the main com-

onents present in the sample. Furthermore, zingerone (2.30%),

-farnesene (1.69%), 𝛽-bisabolene (1.41%), 𝛽-sesquiphellandrene

4.64%), zingiberene (0.71%), [6]-gingerol (1.43%), [6]-shogaol

2.26%), 𝛼-curcumene (0.25%), geranyl acetate (4.14%) and geraniol

0.46%) are the major compounds found in dried Iban ginger oil for

thanol as shown in Table 3 . Besides, there is no decanal compounds

s detected in this sample. 𝛽-sesquiphellandrene is the main compo-

ent contained in this dried ginger oil followed by geranyl acetate and

ingerone. 

Based on these studies, the largest amount of zingerone and shogaols

re found in dried ginger oil as compared to fresh ginger. Both zingerone

nd shogaols are one of the pungent compounds of the ginger oil.

ingerone is mainly occurred in dry ginger. Ahmad et al. [29] and an-

ther earliest study by Connell and Sutherland [30] also stated that large

mount of zingerone and shogaols are found in dried ginger whilst only

mall amounts are discovered in fresh ginger. The presence of these com-

ounds in the ginger oil gives antioxidant and anti-inflammatory prop-

rties. Moreover, gingerols as one of the main bioactive compounds are
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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. 
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g  
ound in the small amount in both fresh and dried Iban ginger which

s only around 1.00%–1.43%. These compounds also provide medic-

nal properties where it also gives anti-inflammatory and antioxidant

ffects as zingerone and shogaols. The reason that causes low gingerol

ontent that is detected in the ginger can be that gingerols have been

ecomposed into zingerone and shogaol at high temperature of more

han 45 °C. [31] . Thus, also explained the reason for higher amount of

ingerone and shogaols in the samples. For terpenes compounds, the

ost abundant found in fresh ginger oil is zingiberene and 𝛼-farnesene

 Table 2 ) while zingiberene and 𝛽-sesquiphellandrene in dried ginger oil

 Table 3 ). In addition, acetone extract contains substantially more zin-

iberene than ethanol extract in both fresh and dried ginger. Zingiberene

s one of the main constituent of Iban ginger oil in terpenes com-

ound. The previous studies by Gonzalez-Burgos and Gomez-Serranillos

32] show that terpenes have been shown to have antimicrobial, anti-

nflammatory, antiulcerogenic, anticancer and antioxidant properties.

erpenes have a chemical structures that indicate antioxidant activities,

hich appear to be an important molecules with high antioxidant poten-

ial for human health [32] . According to Borges et al. [33] , acetone was

he most effective extraction solvent in terms of antioxidant capability

nd there was no extraction method excelled at extracting antioxidant

ompounds as it was highly depended on the extraction solvent used.

arlier, Sharma and Gupta [34] also stated that the traditional extrac-

ion method involves juicing and introducing acetone as the extraction

olvent is more effective than ethanol. Thus, explained the reason for

he higher amount of zingiberene in both fresh and dried ginger when

sing acetone as the extraction solvent compared to using ethanol as an

xtraction solvent. The results show that the chemical composition of

he ginger oil is found varied among the samples. Nonetheless, all these

ompounds poses similar function where it contributes to pharmacolog-

cal properties of ginger. Lastly, the presence of geranyl acetate gives

oral fruity and sweet aroma of the ginger. 

.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

xtraction solvent are presented in Fig. 6 a. The wavelength of the in-

rared spectrum is in the range of 561.29 cm 

− 1 to 3379.29 cm 

− 1. There

re 10 functional compounds found in the sample. The spectrum of

inger oil showed an OH–H group at 3379.29 cm 

− 1 . This broad ab-

orption band confirms the existence of hydroxyl compounds as it fol-

owed with presence of spectra at the frequencies of 1369.46 cm 

− 1 ,

031.92 cm 

− 1 and 806.25 cm 

− 1 . Thus, this shows that Iban ginger con-

ains phenolic compounds which possess antioxidant potential which

re zingerone, [6]-shogaols and [6]-gingerols. Next, the presence of nar-

ow band at 2924.09 cm 

− 1 can be attributed to aliphatic compounds

hich is identified as carboxylic acid group. This finding are supported

y the previous studies which also found that at wavelength between

872 cm 

− 1 and 3022 cm 

− 1 are confirmed to be related to carboxylic

cid group Farshbaf-Sadigh [35] . It is also correlated with the find-

ng of Jayanudin and Rochmadi [36] who reported that the band ap-

eared at 2924.7 cm 

− 1 in the spectrum of ginger oleoresin are identi-

ed as an OH-H group. The presence of this carboxylic acid compounds

ay be attributed to fatty acids contents in ginger oil. Other than that,

here are peaks appeared at 1514.12 cm 

− 1 and 1448.54 cm 

− 1 illustrated

he presence of C = C aromatic compounds with the vibration of ring

romatic stretch. This band possibly confirms the existence of zinge-

erene and bisabolene compounds in the ginger. These results are in

ine with the findings of Purnomo et al. [37] which reported that the

resence of C = C aromatic compounds are observed at 1514.98 cm 

− 1 

nd 1449.41 cm 

− 1 . The wavelength of 1707 cm 

− 1 with intensity of

3.31 is also observed where it indicated as ester group. This shows

hat monoterpene compounds such as geranyl acetate may be found in

he ginger oil. Peak 1707 cm 

− 1 may also confirms the existence of ke-

ones such as monoterpene compounds and aldehyde such as decanal
6 
nd geranial compounds in the ginger oil. Other bands are also observed

t 1257.59 cm 

− 1 , 806.25 cm 

− 1 and 561.29 cm 

− 1 . 

Next, Fig. 6 a shows the infrared spectrum of fresh Iban ginger oil

sing ethanol as an extraction solvent. The wavelength of the infrared

pectrum are in the range of 592.15 cm 

− 1 to 3275.13 cm 

− 1 . There are

 functional compounds are found in the sample. Based on Fig. 6 b, the

TIR spectra of this ginger oil extracted using ethanol at 3275.13 cm 

− 1 

s indicated as hydrogen bond. The presence of this band is confirmed

o be related to hydroxyl compounds with the presence of the spectra at

he frequencies of 1365.6 cm 

− 1 , 1029.99 cm 

− 1 and 613.36 cm 

− 1 . This

ndicates that Iban ginger may contain phenolic compounds which have

ntioxidant potential as also stated in Fig. 6 a. The presence of pheno-

ic compounds may be attributed to zingerone, [6]-shogaols and [6]-

ingerols. The narrow band appeared at 2929.87 cm 

− 1 illustrated the

resence of aliphatic compounds. Farshbaf-Sadigh et al. [35] reported

hat the presence of absorption in the spectrum of between 2872 cm 

− 1 

nd 3022 cm 

− 1 were determined to be associated with carboxylic acid

roup. (Farshbaf-Sadigh et al. [35] ). Thus, this band is identified as a

arboxylic acid group and this may be due to fatty acids contents in

inger oil. The wavelength of 1639.49 cm 

− 1 with intensity of 79.22 is

lso observed where it indicated the presence of C = C aromatic com-

ound. This band confirms the existence of zingeberene and bisabolene

ompounds in the ginger. Other band is also identified at 592.15 cm 

− 1 .

ased on the discussion of the infrared spectrum of the fresh Iban gin-

er oil in both Fig. 6 a and b, it can be deduced that both samples pos-
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ess similar functional compounds. This also shows that the results are

ot really affected by the extraction solvents. From the FTIR analysis,

he organic compounds that are able to be identified are phenolic com-

ounds, carboxylic acid group, aldehydes, ketones, esters and aromatic

ompounds. 

Finally, for completeness purpose it is worth to be noted that, in term

f extract oil quality, it was reported generally the usage of organic ma-

ures improved quantity and quality of extract oil [4] . The present study

eported the extract oil production from Iban ginger plant ( Zingiber of-

cinale ) that are planted with sandy soils and organic chicken manures.

. Conclusion and recommendation for the further work 

The present work extract oil production from both fresh and dried

ban ginger via Soxhlet extraction production method. It also describes

olvent design schemes and introduces acetone equivalent-extraction

ime concept in which recycled ethanol has been shown can be feasible

or use here for the Iban ginger plant oil extraction. In this work, from the

oxhlet extraction experiment conducted, on the effect of dryness shows

hat the oil yield extracted from fresh ginger is higher compared to the

il extracted from dried ginger. Ethanol is superior solvent compared

o acetone for extracting bioactive compounds from ginger since it re-

ulted in higher yield of ginger oil. Recycled ethanol extraction scheme

ad been proven herein for practical use especially during ∼2 h of ace-

one equivalent-extraction time, as far as the present study is concern.

ased on the analysis results from GCMS and FTIR, it is further con-

luded that the components present in Iban ginger oil offers properties

lose or similar to other gingers such as red ginger. The organic com-

ounds identified are phenolic compounds, carboxylic acid group, alde-

ydes, ketones, esters and aromatic compounds. The main constituents

f ginger oil in the terpene compounds are 𝛼-farnesene, 𝛽-bisabolene,

-sesquiphellandrene, zingiberene and 𝛼-curcumene and major con-

tituents of phenolic compounds which are zingerone, shogaols and gin-

erols found in both fresh and dried Iban ginger. The present findings

ay pave the way for further research on the bioactive compounds and

he more detail extracts oil properties for various applications e.g. insect

epellent, soap, detergent, and for external usages of various treatments

n the near future. Also, the effects of temperature can be further tested

n the future. 
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