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Regenerated silica gel as stationary phase on vacuum column chromatography
to purify temulawak's extracts (Conference Paper)

,  ,  ,   

Organic Chemistry Laboratory, Departement of Chemistry, Diponegoro University, Jln Prof. Soedharto SH, Tembalang,
Semarang, 50275, Indonesia

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 (r =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. © 2015 AIP Publishing LLC.
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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 (r2=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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Abstract.  Several studies have been reported on the potential health benefits of cocoa polyphenols.   However, drying has an 
inhibitory effect on the substantial recovery of cocoa polyphenols. This is majorly because of the high degradation of polyphenol 
compounds as well as the enhanced activity of polyphenol oxidases; a pre-cursor for browning of polyphenols during drying. Pre-
treatment technique such as water blanching (80° and 90°C for 5 min, 10 min and 15 min exposure times respectively) can 
inactivate the polyphenol oxidases enzyme and promote high percent of the polyphenol recovery in dried cocoa bean. The 
degradation kinetics of cocoa polyphenols during hot water blanching are analyzed; The rate constant for the polyphenol 
degradation after blanching was found to be ranging from 0.0208 to 0.0340 /min. The results for dried fresh cocoa beans showed 
an optimal level of polyphenol recovery (118 mg GAE/g) when blanched at 90°C for 5 minutes duration. The antioxidant activity 
is also analyzed using DPPH scavenging assay. 

Keywords: COCOA, POLYPHENOL, DRYING, WATER BLANCHING, QUALITY 
 

INTRODUCTION 
Cocoa is an important commodity which finds in application in food, pharmaceutical and cosmetic industries. 

There has been varied research going on the medical benefits of cocoa polyphenols. The polyphenol content in 
cocoa is found to be more than red wine and green tea [1]. The health benefits of cocoa polyphenols ranges from 
anti-atherosclerotic, anticariogenic, anticarcinogenic, antidepressant, antihypertensive, antiinflammatory, 
antimutagenic, antiproliferative and antiradical properties to cardioprotective effects [2]. Three distinguished groups 
of polyphenols present in cocoa beans namely proanthocyanidins (58%), catechins (37%) and anthocyanins (4%) 
[3]. Typically, the cocoa polyphenols contents are about 6 to 8% by weight of a dried fermented cocoa bean. The 
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Abstract. Electrospinning technique is feasible in some applications, it has attracted more attention in recent years. Various 
polymers have been successfully electrospun into ultrafine fibers in solvent solution and some in melt form. In this work, 
polyvinylpyrrolidone (PVP) as a hydrophilic polymer would be synthesized by electrospinning under dense carbon dioxide 
(CO2). The experiments were performed at 40 oC and ~ 5 MPa. During the electrospinning process, the applied voltage was 
10–17 kV and the distance of nozzle and collector was 8 cm. The concentration of PVP solution as a major component was 4 
wt%. The results showed that the fibers surface morphology from PVP which blended with poly L-lactide acid (PLLA) were 
smooth with hollow core fibers at 5 MPa. At the same conditions, PVP-carbon nanotube was also successfully generated into 
electrospun fiber products with diameter ~ 2 m. 
 
Keywords: Electrospinning, Polyvinylpyrrolidone (PVP), Hollow fibers; Dense CO2, Polymer blends 

 
INTRODUCTION 

Polyvinylpyrrolidone (PVP) is a water-soluble polymer made from the monomer N-vinylpyrrolidone. Due to 
PVP has hydrophilic as well as hydrophobic functional groups, this polymer could soluble in various organic 
solvents. PVP was a nonionic water-soluble polymer and its viscosity in aqueous solution is not affected by 
electrolytes. Therefore, it allows to use this polymer in a variety of fields-of-use owing to following its advantageous 
characteristics. PVP is an environmental friendly synthetic polymer, biocompatibility, and widely used in 
biomedical, biochemical, food, textile, and other fields [1]. Similar to PVP, poly L-lactide acid (PLLA), polymer 
derived from lactic acid, is also biocompatible and environmental degradable and has wide applications [2]. This 
polymer was composed and derived from renewable resources mainly starch and sugar, so that PLLA seemed to be a 
promising material to reduce the environmental solid waste disposal problem. The most interesting aspect of PLLA 
is its biocompatibility with respect to biomedical applications that results non-toxic or non-carcinogenic effects in 
local tissues. However, PLLA is a hydrophobic polymer causing to the certain limitation of its applications. 
Generally, PLLA was modified with PVP in organic solvents to hinder its hydrophobicity property. 
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Abstract. Indonesia has a large tropical forest. However, the deforestation still appears annually and vastly. This reason 
drives a use of bamboo as wood alternative. Recently, there are many modifications of bamboo in order to prolong the 
shelf life. Unfortunately, the processes need more chemicals and time. Based on wood modification, esterifying of 
bamboo was undertaken in present of a dense gas, i.e. supercritical CO2. Calculation of chemicals loading referred to 
ASTM D1413-99 by using the phase equilibrium data at optimum condition by a statistical design. The results showed 
that the acetylation of bamboo assisted by supercritical CO2 required 14.73 kg acetic anhydride/m3 of bamboo for a 
treatment of one hour. 

Keywords: acetylation, bamboo, chemicals loading, supercritical CO2 

INTRODUCTION 
 

Bamboo with the ecological benefits regards as well as auspicious material due to increasing natural resources 
demand with circumscribed supply. It is a sustainable material due to the high-carbon capture in the biomass, the 
fast growing of the plants, and it is abundantly available in Asia. Indonesia has around 135 species of bamboo [1-3]. 
Therefore, it would be nice to reduce the devastation of tropical forest where about 0.5 million ha are annually 
deforested, by the use of bamboo [4]. As consequences many research activities are trying to substitute wood with 
other ligno-cellulous materials, such as bamboo. Hitherto, the modification of bamboo has been conducted based on 
wood modification in order to extend the shelf life concerning to the durability aspect [5]. 

The acetylation using acetic anhydride is an accustomed chemical treatment of wood for over 50 years. The 
acetylation of the bamboo species Dendrocalamus asper is already reported [6]. In this work, the acetylation is 
supported with a surface modification using microwaves leading to increase liquid uptake. In this research bamboo 
modification through acetylation assisted by scCO2 without a catalyst is based upon the acetylation of wood using 
supercritical carbon dioxide [7]. 

The use of carbon dioxide in chemicals processing gained from waste gas of industries is considered as 
sustainable. Thus, in the context of the principles of green chemistry [8], scCO2 acts as an environmentally benign 
reaction medium for chemical synthesis. The density and solvent power of CO2 correspond to those of liquid, while 
its compressibility and transport properties are similar to a gas [9]. Therefore, scCO2 is used as auxiliary media for 
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Abstract. Development of desalination technologies is very important for fulfilling future water demand. The objective 
of this research is to synthesis membrane for desalination process from cellulose acetate (CA) by blending with 
polyethylene glycol (PEG) and silica resulting CA/PEG/Silica composite membrane. In this study, the synthesis and 
characterization of composite membrane is attempt where membrane performance is investigated for reverse osmosis 
desalination of saline water. CA/PEG membrane with ratio 80/20 (wt%) was modified with three different particle sizes  
of silica: 0.007, 0.02, and 60 m. Composite membranes were characterized for their hydrophilicity, functional groups 
and permeation properties. The experiment results show that hydrophilicity of CA/PEG membrane increases after the 
addition of silica as shown by the decreasing of contact angle and the increasing of silanol group. Hydrophilicity of 
composite membrane increases with the decreasing of particle size of silica. The best performance membrane is obtained 
by using silica with particle size of 0.02 m. 
Keywords: cellulose, PEG, silica, membrane, reverse osmosis.   

 
INTRODUCTION 

The need for fresh clean water is growing rapidly due to the world population growth that imposes larger 
demands of water supply for domestic use, agriculture, and industry. Another reason is deterioration of fresh water 
supplies: aquifers, the largest fresh water resource, are being contaminated constantly by industrial and agricultural 
activities, as well as by intrusions of seawater or saline water due to overuse. Rivers and lakes (surface water 
resources) are also in threat. Hence, there is a strong need to increase fresh water availability either by recycling 
waste water or by production of fresh water from seawater [1]. The need to increase fresh water supply and more 
extensive water treatment drove the advancement of new water technologies and the maturity of existing ones, in all 
fields of water: desalination and ion removal by reverse osmosis (RO), disinfection techniques by catalysts and by 
biological treatment, decontamination, new filtration techniques, and monitoring of water quality. Desalination is a 
general term for methods to remove salt from salty water to produce fresh water. 

For membrane technologies, the development of the first high-flux anisotropic acetate cellulose (CA) RO 
membranes via immersion precipitation by Loeb and Sourirajan [2] was one of the most critical breakthroughs in 
desalination. Today, extensive knowledge exists on how to ‘tailor’ the membrane's pore structure including its cross-
section morphology by the selection of polymer, solvents and non-solvents, additives, precipitation time, bath 
temperature and other parameters during immersion precipitation [3–9]. For example, different casting conditions 
and post-treatments were proposed to improve the water flux and salt rejection of the CA membranes [10–15].  
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