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Abstract. Commercial silica gel only used once by many researchers and affected high cost for purification
process, also less support the green chemistry program. This research focused in regeneration silica gel that used
purification of temulawak’s extracts (Curcuma xanthorrhiza Roxb) by vacuum column chromatography. Sample
extracts (contains 10.1195£0.5971% of curcuminoids) was purified by vacuum column chromatography
(pressure: 45 kPa, column: 100mm on length and 16mm on diameter). Ethanol 96% and acetone were compared
as eluent. The amount of solvent and yield of curcuminoids used as indicator purification. The silica gel was
regenerated with heating in 600°C for 8 hours The silica gels were analyzed by IR spectroscopy and X-ray
diffraction. Furthermore, regenerated silica gel was used as the stationary phase in vacuum column
chromatography under the same conditions with the previous purification. All the purification experiments were
performed in three repetitions. Based on regression equation, y=0.132x+0.0011 (1*=0.9997) the yield of
curcuminoids on purified products using ethanol as the eluent was improved 4.26% (to 14.3724+0.5749%) and by
acetone was improved 3,03% (to 13.1450 +£0.6318%). The IR spectrum of both silica gel showed the same
vibration profile and also there were three crystallinity peaks missing on its X-ray diffraction. Regenerated silica
gel has the same performance with new silica gel in purification of temulawak’s extract: by ethanol has increased
4.08% (14.1947+0.7415%) and 2.93% (13.0447+0.4822) by acetone. In addition, all purification products
showed similar TLC profiles. Purification using regenerated silica gel as the adsorbent on vacuum column
chromatography has exactly same potential with the new silica gel.

INTRODUCTION

Column is one apparatus important in chromatography equipment that used separatior compounds.
Commonly, the price of column is expensive but the column has operation time very long. If active
compound in column un active, column can not used for separation in analysis use chromatography. The
column can be modified or developed in accordance with the desired goals. Some equipments, such as
preparative HPLC, is one example of development in Industry. The additional of a vacuum on column
chromatography has advantages as higher elution rate also shortening the solute and adsorbent contact
time[1]. This type of chromatography is still often used in education and research laboratory for the
separation of extracts from natural products. Theoretically, this method can be developed in a larger scale.

One of the adsorbent that often used on vacuum column chromatography was silica gel. This material is
widely used because it has very inert property, hydrophilic, has a thermal and high mechanical stability, and
also relatively not swell in organic solvents[2]. Although this material is widely reported can be
synthesized[3,4], but commercial silica gel still remain unreliable, although the price is quite high. Some
researchers are still often use this adsorbent once. When it is done, itwill certainly requires a high cost when
it should be applied to upper scale.

The objective of this research was to develop column regeneration for purification temulawak’s extracts
(Curcuma xanthorrhiza Roxb) and analysis with chromatography by using ethanol and acetone as eluent
/mobile phase.
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FIGURE 1. Molecular structure of Curcumin, Demethoxycurcumin and Bisdemethoxycurcumin[5]

MATERIALS AND METHODS

Materials and Equipment

Materials that used in this study are silica gel GF60,s4 for thin layer chromatography from Merck was
used as the stationary phase. Temulawak’s extracts obtained from extraction temulawak’s powder from
Semarang, Central Java, using soxhlet. Standard curcumin which has high purity from Merck. Ethanol and
acetone at technical grade as the eluent.

The equipment used in this process is column has 200mm length (filled with silica gel 100mm length)
and 16mm diameter. The vacuum pressure used was 45 kPa. Rotary vacuum evaporator from Buchi,
analytical balance (Ohaus), furnace, oven, spectrophotometer UV-Vis (UV-1601 Shimadzu),
spectrophotometer infrared (PerkinElmer Version 10.4.00), and X-ray diffraction.

Experiment Procedure

Temulawak’s extract was been purified with adsorption desorption process with silica as adsorbent.
0.2010 gram of temulawak’s extract mixed with silica gel with a ratio of 1: 1 and the sample become powder.
For the column, 8g silica gel that has been mixed with the eluent in a beaker glass, then stirred and poured
into a column glass while the vacuum machine turned on to compress the column stationary phase (silica
gel). The powder formed sample is poured slowly evenly inside the column and eluted with ethanol eluent
until all the yellow color eluted. The amount of eluent used is recorded. The organic solvent on purified
products is removed with a rotary vacuum evaporator. The weight of purification products recorded, which is
furthermore the curcuminoids yield of this products were analyzed. Purification temulawak extracts by
chromatography were done in three times.

The purification experiment also carried out with acetone eluent. The vacuum column chromatography
conditions (length, diameter, pressure and the amount of silica gel) exactly the same as the previous
experiments.

After the purification has done, the silica gel must be regenerated. Regeneration of silica gel is carried out
by heating the adsorbent at a temperature of 600°C in furnace for eight hours. Various heating time (1 hour, 4
hours, 5 hours and 8 hours) were only done for one of the used silica gel.

Analysis Methods

Quantitative Analysis of Curcuminoids on Extracts done by using UV-vis Spectrophotometer. Standard
curve obtained by preparing the standard curcumin solutions in some sort of concentrations, generally for a
calibration curve used 7 variation of standard solutions, e.g. 1 ppm, 2 ppm, 3 ppm, 4 ppm, 5 ppm, 6 ppm and
7 ppm. Each concentrations were analyzed by using UV-Vis spectrophotometer at maximum wavelength
(425 nm), then the absorbances of each concentrations obtained. Standard curve made by flowing the
curcumin concentrations (ppm) vs the absorbances, hence the linier regression equation of the curve can be
obtained. Furthermore, this equation will be further used for the determination of curcuminoid yield on
temulawak’s extract and for the purification products.

The curcuminoid yield can be determinated by dissolving the extract in technical ethanol, the diluted till
the range detected by spectro equipment. Absorbance at the maximum wavelength (425nm) was recorded
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and then converted into ppm using a linear equation. Curcuminoid percentage on extract or purification
products were calculated based on the analyzed initial weight samples.

Then, regenerated silica gel was analyzed using infrared spectrophotometer and x-ray diffraction (XRD).
FTIR analysis used was FT-IR Reflection Techniques. Silica gel as powder form transferred to the IR
transparent ZnSe carrier. Xray diffraction was analyzed by XRD Shimadzu type 7000.using CuKa as probe.
The measurement has been conducted 26 from 10.4 to 86.6

RESULTS AND DISCUSSION

Curcuminoid Analysis

Sample of temulawak’s extracts, dark brown colored, has a curcuminoid yield of 10.1195 + 0.5971%.
Curcuminoid percentage on temulawak’s extracts obtained by using theuv-visible spectroscopy method.
External standards (Figure 1) was used for analysis with curcumin as a standard. The absorbance vs.
concentration standard curcumin produce a calibration curve with the equation y = 0.132x + 0.0011,
correlation coefficient close to 1 (r2 =0.9997)
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FIGURE 2. Calibration curve of curcumin

Although not specific to a single compound, UV-visible spectrophotometry method can be used for
quantitative analysis of the total curcuminoid in Curcumasamples[6]. Three curcuminoid components,
curcumin, bisdemethoxycurcumin and demethoxycurcumin, absorb at wavelengths around 425 nm[7,8]. The
adsoptivitas molar of three curcuminoid components were almost the same, ranging from 4.95 to 6.73x10*
Lem'mol™. For these reasons, curcumin as the standard can be used to represent the sum of the three
curcuminoid constituent in the analyzed samples[6-8]

Purification of Temulawak’s Extracts Using Vacuum Column Chromatography
Results

Silica gel is the most often stationary phase used to purify curcuminoid by column
chromatography[5,9,10]. It is common known that silica gel is a weak acid, therefore, theoretically there is
no chemical reaction with the compound to be purified (curcuminoids, also weakly acidic).The use of a
single solvent in this study, acetone and ethanol, should be understood as both of these solvents are often
used in pharmacy as a solvent[11-14]. Table 1 represents datas from temulawak’s extract purification using
vacuum column chromatography and new silica gel used as the stationary phase.
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TABLE 1. Data purified temulawak’s extract using vacuum column chromatography and new silica gel used as the
stationary phase

% product Percentage of

Eluent volume

Eluent average purity
(W/W) average(ml) average*(%)
Acetone  91.87+7.4056 62.33£2.5166 13.1450+0.6318
Ethanol 88.45+2.5254 60+3 14.3724+0.5749

The weight yield, total eluent volume and the curcuminoid yield for each eluent were measured in three
times repetitions. Based on Q-test for the three of repetition datas for each eluent, obtained at P = 0.05 that
there are no outliers in the data or all datas can be received and statistically not found the error. The results of
the t-test for both eluent,statistically showed no significant differences of the purity percentage average. From
this vacuum column chromatography process the sample purity can be enhanced between 3.03% to 4.26%.

Analysis of New and Regenerated Silica Gel Using Infrared Spectrophotometer and
X-ray Diffraction (XRD)

It can be assumed that all organic compounds will thermally degraded into CO, and H,O at 600°C[15]. At
that temperature, the structure of silica gel assumed will not change, therefore it can be reused as the new
silica gel. Physically, the existence of an impurity in silica gel can be detected from the adsorbent color,
white or not. Heated for 1 hour, 4 hours, 5 hours were still be seen the presence of black colored impurities in
the silica gel. Silica gel will look clean after heating for 8 hours (Figure 3).

(A) (B) (©)

FiGURE 3. New silica gel (A), used silica gel (B) and regenerated silica gel (C)

Infrared spectrum of regenerated silica gel that heated on furnace at 600°C during 1 hour, 4 hours, 5 hours
and 8 hours shown on Figure 4.The existence of foreign compounds in silica gel can be determined easily by
comparing it with the infrared spectrum of the new silica gel. New silica gel here is silica gel that has been
heated in the oven at 105°C for 2 hours to remove the water. A strong peak at wave number 1088 cm™ as
well as a narrow peak and width at 3411 cm’ is the stretching vibration of Si-O and OH[16].

060022-4



,a
1 S
=
*
3600 3100 2600 2100 1600 1100 600

Furnaced Silica 1 hour

New Silica unheated with oven

New Silica heated with oven
Furnaced Silica 8 hours

Furnaced Silica S hours

Furnaced Silica 4 hours

FIGURE 4. Spectrum of silica gel

Evaluated from the presence or the absence of impurities and also a new bond of regenerated silica gel,
heating the adsorbent after using it on column was expected has the same composition with new silica gel. It
should be added that X-ray diffraction pattern of the new and after furnaced for 8 hoursadsorbent was
identics (Figure 5). From the results of the physical analysis, infrared and X-ray diffraction, we can expect
the similarity potentialof the regeneratedsilica gel heating for 8 hours with the new silica gel on purification

of temulawak’s extracts.

Intensity

Regenerated silica gel
~for 8 hours T

L‘J.‘hn o § I TR, N 5

2 0 (deg)

FIGURE 5. X-ray diffraction of silica gel
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The Potential of Regenerated Silica Gel on Temulawak’s Extract Purification

Table 2 shows the datas of temulawak’s extract purification using vacuum column chromatography with
regenerated silica gel as the stationary phase. Statistically, the t-test at P = 0.05 indicates that there is no
significant differences between the weight yield, the total volume of used eluent, and the purity percentage
average result for each eluent using the regenerated silica gel compared to the new silica gel as the stationary

phase.

TABLE 2. Data purified temulawak’s extract using vacuum column chromatography and regenerated silica gel used as
the stationary phase

% product Eluent Percentage of
Eluent average volume purity
(W/w) average(mL)  average*(%)
Acetone  86.45+3.8675 64+1 13.0447+0.4822

Ethanol 85.88+1.5783 60.67+1.5275 14.1947+0.7415

In summary, Figure 6 shows a comparison of the purity percentage average result by vacuum column
chromatography of both silica gel, new and regenerated, for each eluent. The comparison in Figure 6 shows
that purification by vacuum column chromatography using the new and regenerated silica gel as the
stationary phase has the same results: regenerated silica gel has the same ability with the new silica gelto
purify temulawak’s extracts.

M Newsilicagel ®Regenerated silica gel

15.0%

14.2% 13.9% 13.7% 13.3%

3.3%

Ethanol 1 Ethanol 2 Ethanol 3  Acetone1 Acetone2 Acetone3

FIGURE 6. Comparison of the use of new silica gel and regenerated silica gel results on purity percentage average of
purified products with eluent acetone and ethanol

Thin Layer Chromatography (TLC) Analysis of The Purification Products

This study was also carried out the analysis of Thin Layer Chromatography (TLC) to all purification
products. Curcuminoid standard also placed on a TLC plate used as the comparison of curcuminoids
components. Figure 7 shows the results of analysis by TLC along with Rf of each sample component. All the
purification products contains three curcuminoids components where the Rf were the same as the Rf
curcuminoids standard component. Therefore, it is known that all the purification products still contain three
of curcuminoids components (curcumin, bisdemethoxycurcumin and demethoxycurcumin) and it signifies
that the vacuum column chromatography can not be used to separate these three components.
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Sample Spot 1 Spot 2 Spot 3
S 0.67 0.44 0.21
ENI 0.66 0.43 0.23
EN2 0.63 0.40 0.21
EN3 0.63 0.40 0.21
EF1 0.63 0.40 0.21
S ENI EN2 EN3 EF1 EF2 EF3 AN1 AN2 AN3 AF1 AF2AF3
EF2 0.63 0.40 0.21
Description: EF3 063 0.40 02]
S (curcuminoid standard), ENXx AN1 0.63 0.37 0.19
(Ethanol eluent and new silica gel,
repetition to-x), EFx (Ethanol eluent e g6l s L
and furnaced silica gel, repetition to- AN3 0.63 0.37 0.19
X), ANx (Acetone eluent and new AF1 0.63 0.37 0.19
silica gel, repetition to-x), Afx AF2 0.63 037 0.19
(Acetone cluent and furnaced silica
ge]’ repetition to_x) AF3 0.63 0.37 0.19

FIGURE 7. TLC fingerprints of curcuminoids in the purification products(sample temulawak’s extract). Stationary
phase: Si-60GF,s,; solvent system: CHCl; : etOH (98:2); detection: UV 254

CONCLUSIONS

Has been evident from this research that the regenerated silica gel has the same capability with the new
silica gel on purification of temulawak’s extracts. Regeneration can be simply carried out by heating the used
silica gel at temperature of 600°C for 8 hours. This experiment also provides a way for a more intensive
course of a study, in particular to obtain data on when the used silica gel is no longer worthy to use. The
application of vacuum column chromatography method with stationary phase regeneration such as this
should be considered further for practical purposes, research or even a larger scale.
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