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Abstract- The establishment of subcritical fluidapplicationfor zingiberene extraction was studied through the use of water as a green
solvent. The zingiberene content was observed by using Liquid Chromatography-Mass Spectrophotometry while the independent variables
include temperature, extraction time, ginger-solvent ratio and aging time. Through the application of the subcritical water, the critical value
of zingiberene content obtained was 0.036%. It was achieved by using surface modeling of alpha for rotatability design at 125, 20
minextraction time, 0.08 ginger to solvent ratio and 9 min aging time. The surface modeling was validated by plotting the observed and

predicted value of zingiberene content which later showed R-square at 0.76.
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1. Introduction

Zingiberene is well known as one of the main
components of ginger (Zingiberofficinale) essential oil [1,2].
This oil has a wide application such as in antimicrobial
activity [3,4], as well as herbal medicine [5,6]. Many
extractions methods have been applied to obtained ginger
active compounds [7,8]. Sharma and Gupta reported that
the conventional extraction method is by juicing and adding
acetone as the solvent which makes it more effective than
for ethanol [9]. Yang et al compared three different
methods for ginger oil extraction and concluded that solid-
phase microextraction provided a higher yield than petrol-
ether or steam distillation extractions [10].

In the last decade, the application of subcritical water
as a solvent medium gained its popularity. This method was
adopted because its implementation is environmentally
friendly. The subcritical water serves as a natural form of
acid catalyst, at the range of 150-370°C and 4-220 bar of
temperature and pressure respectively [11]. Recently,
Saripreported its use for the extraction of ginger oil at a
wider temperature range (100-374.5°C) and saturated
pressure [12]. It is mostly employed because of the
selective polarity of water which can make it be either polar
or non-polar when applied as a solvent in specific
conditions [13,14]. Therefore, this study was designed to

discussthe optimization of subcritical water extraction of
ginger fresh rhizome to obtain a valuable component of
zingiberene with regards to the halal issue.

2. Experiment
2.1 Apparatus

The quantity of distilled water needed was set to the
operation condition temperature and loaded into the
pressurized hot water (PHW) extractor, and weighed
ground fresh ginger was added based on various specific
ginger-solvent ratio (0.06, 0.07, 0.08, 0.09 and 0.10). The
stainless-steel lid of the PHW extraction cell was securely
covered after the raw materials had been well arranged.
Nitrogen gas was passed over the extractor for 2 min to
ensure air removal from the cell and to sustain a fixed
pressure of 2 bar. The extraction was conducted at a
temperature of 115, 120, 125, 130, and 135°C for 10, 15, 20,
25, and 30 minutes respectively. Table 1 shows the
parameter.The extract was subsequently cooled at 25°C
and 1 MPa in the cooling cell, concisely after the extraction
process was finished [14]. The extracted compound was
aging for 0, 5, 10, 15 and 20 minutes before sampling to
ensure the completion of theadvanced extraction process.
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Table 1. Parameters for the subcritical fluid extraction of
zingiberene

Parameter Temperature Ratio ginger to Time {lfrl:eg
Level (°Q) solvent (-)  (min) (min)
Low Star Point 115 0.06 10 0
Low Level 120 0.07 15 5
Central Level 125 0.08 20 10
High Level 130 0.09 25 15
High Star Point 135 0.10 30 20
3. Analysis

3.1 Bioactive Components Determination

The subcritical water ginger extract samples were
analyzed using LC-MS (LC-MS Waters Xevo-TQD, Waters
Corp., MA, USA). The ionization mode of chromatograph
was electrospray positive (ESI+) and the measurement
method was Single Ion Reaction (SIR). The parent ion of
zingiberene was 205m/z.The mobile phase was methanol
and aquabidest at 90:10 ratio and 0,5 ml/min of flow rate.
Nitrogen was used as the gas carrier at a linear velocity of
50L/h. The desolvation temperature was 400 °C. The
capillary and conevoltages were 3500 and 30V,
respectively. 10ml of subcritical water of fresh ginger
rhizome extract was evaporated until it reached one third
and dissolved with pro-ethanol LC-MS upto 10ml. The
solution was filtered using microphore 0.45um and the
filtrate placed on the sample vial. The datawas interpreted
based on the optimum condition of the apparatus for the
ginger metabolite.
3.2Response Surface Methodology (RSM)

The central composite of alpha for rotatability design
was applied to the Response Surface Methodology (RSM) to
optimize the parameter process during the zingiberene
extraction process. A set of random experimental work was
subjected to the design of experiment (DOE) in order to
execute the optimized value. The independent variables
were temperature, extraction time, aging time and ginger-
solvent ratio, while the dependent was zingiberene content.
There were 26 actual experiments with 4 factors (k=4), and
3 levels to construct a central composite design of
rotatability (e.g., star points + 2). The ranges of the
experimental design were based on previous results [14].
Variables, ranges, and levels of the experimental work are
presented in Table 1.

4. Results and Discussion
The LC-MS analysis of zingiberene extracts was
obtained with operation condition as mentioned in Table 1
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Figure 1. Observed vs predicted plot of zingiberene content

and presented as an observed value with respect to the
predicted value in Table 2. The plot of the observed and
predicted value resulted in the linear correlation of least
square at the R-square value of 0.756. This indicates that
the values were well correlated.

The analysis of variance showed that the temperature
(Q) significantly (p<0.05) affected the zingiberene content
(Table 2). Varying the extraction, ginger-solvent ratio and
aging time resulted in p-value higher than 0.05 and this
shows that there is no significant effect on the extracted
content. This is also supported by the standardized effect
estimate of Pareto chart (Fig. 2).
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Fig. 2. Standardized effect estimate of Pareto chart

The higher value of independent parameters than p-
value (0.05) indicates that they significantly affected the
observed parameter value (i.e. zingiberene content), and
vice versa. Chernoff emphasized that influential variables
firmly deal with proper analysis rather than measuring
their effects [15].
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Table 2. ANOVA of process variables

sS Df MS F p

(1)Temperature (°C)(L) 0.000003 1 0.000003 0.039789 0.845533
Temperatur (°C)(Q) 0.000419 1 0.000419 5.148575 0.044382
(2)Time (min)(L) 0.000010 1 0.000010 0.121035 0.734481
Time (min)(Q) 0.000124 1 0.000124 1519879 0.243336
(3)Ginger-solvent ratio (-)(L) 0.000023 1 0.000023 0.287184 0.602698
Ginger-solvent ratio (-)(Q) 0.000229 1 0.000229 2.812954 0.121660
(4)Aging time (min)(L) 0.000037 1 0.000037 0.450312 0.516030
Aging time (min)(Q) 0.000140 1 0.000140 1718981 0.216534
1Lby2L 0.000013 1 0.000013 0.164476 0.692845
1Lby3L 0.000054 1 0.000054 0.660878 0.433493
1Lby4L 0.000048 1 0.000048 0.592369 0.457714
2Lby3L 0.000016 1 0.000016 0.192065 0.669686
2Lby4L 0.000123 1 0.000123 1510672 0.244681
3Lby4L 0.000006 1 0.000006 0.075067 0.789174
Error 0.000895 11 0.000081

Total SS 0.003677 25
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Figure 3. Response surface contour; (a) effect of time and temperature on the zingiberene content at 0.08 of ginger to
solvent ratio for 10 min of aging time; (b) effect of aging time and temperature on the zingiberene content at 0.08 of ginger
to solvent ratio for 20 min of extraction time; (c) effect of ginger-solvent ratioand temperature on the zingiberene content

at 20 min of extraction time and 10 min of aging time.
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The 3D-contour responses of the surface plots are as
presented in Fig. 3. The plot of temperature against time
(Fig. 3a) and aging time (Fig. 3b) showed a maximum value
of zingiberene content at the value of 0.036%. Nevertheless,
this value was obtained as minimum value by plotting the
temperature against ginger-solvent ratio. Expanding this
ratio to higher and lower variables resulted in a higher
value of zingiberene extracted content. This shows that
optimum value was obtained regardless of the ratio.

The observed values of zingiberene extract were
presented in percentage from all of the components
obtained (i.e. zingiberene, gingerol, paradol, and shogaol).
The zingiberene content was identified by deprotonating
the fragmented pattern of its molecular weight [16].
Therefore, the critical value of zingiberene (0.036 %) was
obtained at 125°C temperature, 20 min extraction time,
0.08 ginger to solvent ratio and 9 min aging time.

5. Conclusion

Through the application of subcritical water, a critical
value of 0.036% was obtained for zingiberene content. This
value was approached by the surface modeling of alpha for
rotatability design performed at 125°C temperature, 20
min extraction time, 0.08 ginger to solvent ratio and 9 min
aging time of extraction parameters. The surface modeling
was validated by plotting the observed and predicted value
of zingiberene content and evidenced by the value of R-
square at 0.76.
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