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 Vitamin E was extracted by supercritical fluid extraction (SFE) from de-proteinised 
natural rubber (DPNR) serum and analyzed by High Performance Liquid 

Chromatography (HPLC). Supercritical fluid extraction using carbon dioxide is an 

environmental friendly process to extract the natural compounds because its lack of 
toxicity and low cost. The effects of SFE parameters such as pressure (100, 200 and 300 

bar) and temperature (40, 50 and 60 ˚C) on vitamin E extraction yield were studied. The 
aims of this study were to extract and to quantitatively determine the vitamin E in 

rubber processing waste that can add value to the rubber industry. The work focused on 

extracting the tocopherol (T) and tocotrienols (T3) compounds by manipulating the 
temperature and pressure of the SFE process. The HPLC analysis revealed the presence 

of vitamin E in DPNR serum albeit at low levels. Gamma-tocotrienol was the most 

abundant form of vitamin E in DPNR serum. Extraction process at temperature 40˚C 
and pressure 300 bar gave the highest yield of total vitamin E from DPNR serum which 

was 93 ug/ml. Increasing the temperature led to a decrease in the extraction yield. The 

extraction yield was increased as the pressure increased. It can be concluded that the 
supercritical fluid extraction at low temperature is suitable for the extraction of vitamin 

E because the extraction at high temperature will destroy the heat sensitive compounds. 
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INTRODUCTION 

 

 The term vitamin E is now considered to be a generic name describing both tocopherols and tocotrienols 

that are a group of soluble lipid compounds [16]. Vitamin E are well known for their antioxidative effect [2]. 

Due to its antioxidant potential, it is believed to reduce the risk of cardiovascular diseases and certain types of 

cancer [4]. Anti-tumor activity has been demonstrated in tocotrienol which, in some studies, is shown to be the 

more potent form of vitamin E [11]. Tocopherols and tocotrienols have a chromanol head and a side chain at C-

2 position. Both are distinguished by their side chains as shown in Figure 1. Tocopherol has saturated pyhtyl tail 

and tocotrienol possesses an unsaturated isoprenoid side chain. They are further separated into its isomers 

depending on the number and position of methyl substitution on the chromanol ring [9].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Chemical structures of tocotrienols and tocopherols. 
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Isomers R1 R2 R3 Position of Methyl Group 

Α CH3 CH3 CH3 5,7,8-Trimethyl 

Β CH3 H CH3 5,8-Dimethyl 

Γ H CH3 CH3 7,8-Dimethyl 

Γ H H CH3 8-Monomethyl 

 

 Natural rubber derived from Hevea latex contains 4% - 5% non-rubber substances comprising of proteins, 

lipids, amines and carbohydrates. The total lipids constituted about 1.6 % of the latex, comprised of carotenoids 

pigments, free and esterified sterols and free and esterified tocotrienols
 
[6].

 
Ho et al. [5] and Hasma et al. [6] 

confirmed the presence of lipids such as tocopherols, tocotrienols, sterols and carotenoids in Hevea latex using 

liquid-liquid extraction method. Roslinda
 
et al. [18] claimed that latex vitamin E consist of almost tocotrienols 

for RRIM 600 clones.  

 The commercial production of De-Proteinised Natural Rubber (DPNR) [10] is a potential route by which 

vitamin E can be recovered from the DPNR processing waste. DPNR waste or serum contains solubilised lipid-

protein rubber particle membranes.  DPNR is an improved form of natural rubber that is low in protein and other 

non-rubber contents.  A product intended for specialty engineering applications, DPNR is produced by treating 

field latex with a proteolytic enzyme to hydrolyse the proteins in the latex into polypeptides which are then 

washed away during processing.  Ammonia, a non-ionic surfactant, a proteinase and hydroxylamine neutral 

sulphate (HNS) are added into the field latex and allowed to react for 72 hours in a reaction tank. After the 

completion of the enzymatic reaction, the latex is neutralized with formic acid and coagulated by steam.  The 

coagulant is then creped using a lot of water to remove dirt and chemical residue in the rubber. Figure 2 

illustrates the DPNR production process. 

 

 
 

Fig. 2: DPNR production flow chart [10]. 

 

 The supercritical fluid extraction (SFE) method is introduced to achieve a better separation, reduce amount 

of solvent and increase yield of products. The supercritical fluid has characteristics of both gases and liquids
 

[15]. The critical temperature of a substance is defined as the temperature above which a pure gaseous 

component cannot be liquefied regardless of the applied pressure. The critical pressure is defined as the vapour 

pressure of the gas at the critical temperature. The pressure-temperature phase diagram is shown in Figure 3. 

Supercritical fluid have several advantages such as the dissolving power of a supercritical fluid depends on its 

density, which is highly tunable by changing the pressure or/ and temperature; and the supercritical fluid has a 

higher diffusivity and lower viscosity and low surface tension than a liquid solvent, leading to a more favorable 

mass transfer
 
[15,8]. The most commonly used supercritical fluid is carbon dioxide (CO2). The critical pressure 

of the CO2 is 73.8 bar and the critical temperature is 31.06 ˚C. Extraction with carbon dioxide constitutes an 

emerging technology in terms of environmental friendly impact due to its lack of toxicity, non-flammable, low 

cost and easily removed from the extract[15,12,8].
 
The SFE using CO2 can be operated at low temperature thus 

allows the extraction of thermally labile compounds or easily oxidized compounds [17]. Supercritical carbon 

dioxide has been widely used to extract vitamin E from soybean oil by-product [5], palm leaves [3] and olive 

tree leaves [13]. 

 

2. Methodology: 

2.1 Materials: 

 The de-proteinised natural rubber (DPNR) serum was collected from the DPNR factory. All solvents and 

reagents used in this work were reagent grade. Solvents used for High Performance Liquid Chromatography 

(HPLC) were liquid chromatography grade. All solvents were purchased from Merck (Darmstadt, Germany). 
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Tocopherol standards were purchased from Merck and tocotrienol standards were acquired from Davos Life 

Science. Carbon dioxide (CO2) was supplied by Linde Gases.  

 

  
 

Fig. 3: The pressure-temperature phase diagram. 

 

2.2 Supercritical Fluid Extraction (SFE): 

 Extractions were performed using Supercritical Fluid Extraction system (Thar Instruments, Inc., USA) 

which consists of a countercurrent column to extract the sample and a collection vessel to collect the extracted 

sample, as shown in Figure 4. The liquid sample introduction was carried out through the top point of the 

packed column, creating a countercurrent between the flow of sample (downward) and the CO2 flow (upward). 

The serum sample was first filtered through the Ultra-Filtration (UF) technology to remove excess water and to 

reduce the particle size before introduced into the SFE system. By manipulating the pressure and temperature, 

CO2 can selectively extract the desired material. Before liquid CO2 passed into the extractor, it was pressurized 

to the desired pressure and heated to the specified temperature in order to reach the supercritical stage. The 

supercritical carbon dioxide flow rate was maintained at 30 g/min. The flow rate of serum sample was set at 5 

g/min. The extraction time was fixed to 60 min. Extraction was performed at pressure 100 to 300 bar and at 

temperature 40 to 50 ˚C.  

  

 
 

Fig. 4: Schematic diagram of supercritical fluid extraction apparatus. 

 

2.3 High Performance Liquid Chromatography (HPLC) Analysis: 

 The extracted samples were mixed with n-hexane and centrifuged at 2000 rpm for 10 minutes. The upper 

layer was collected and dried completely using rotary evaporator (BUCHI, Switzerland). The dried extracts 

were then dissolved in n-hexane and filtered through 0.45 um PTFE membranes. The quantification of 

tocopherol and tocotrienol in samples were performed using Waters® HPLC linked to fluorescence detector 

(WATERS 2575) and an autosampler (WATERS 2707) as illustrated in Figure 5. The analytical column used 

was Chromolith silica (100 mm x 4.6 mm) (Merck, Damstadt, Germany). The mobile phase used was n-Hexane: 

2-Propanol (99.8:0.2, v/v) at 1.00 ml/min. Fluorescence detection of all peaks was carried out at an excitation 

wavelength of 295 nm and 300 nm for emission.  

 

RESULTS AND DISCUSSION 

 

3.1 Calibration method for HPLC analysis: 

 In order to use the developed method as a quantification separation technique, a linearity test with a 

standard solution was carried out over the concentration range of 3 to 25 ug/mL. All correlation values were at 

least 0.999351 and above (Table 1). It can be seen in Table 1 that the correlation coefficient values were always 
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higher than 0.999 and it is noted that the standard curve is a very close approximation to the actual values [1]. 

Regression analysis of the plot of peak area versus concentration for each isomer revealed excellent 

relationships, the corelation coefficients being nearly unity for all standard curves. This indicates that the 

amount of vitamin E obtained from this analysis is very reliable to present the actual amount of vitamin E in the 

sample. 

    

 

 

 

 

 

 

            

 

 

 

Fig 5: A schematic diagram of HPLC apparatus. 
 

Table 1: Regression analysis of the plot of peak area versus concentration for each isomer 

Standard Sample Standard equation Correlation coefficient, R2 Correlation, r 

Alpha-tocopherol Y = 6.01e6 X – 4.02e6 0.999812 0.999906 

Alpha-tocotrienol Y = 1.16e7 X - 1.16e7 0.999904 0.999952 

Gamma-tocotrienol Y = 9.88e6 X – 1.00e7 0.999711 0.999856 

Delta-tocotrienol Y = 1.86e7 X – 2.15e7 0.998702 0.999351 

 

3.2 Separation and quantification of Vitamin E by HPLC: 

 Figure 6 shows a HPLC chromatogram of vitamin E standards and DPNR serum extract using Normal 

Phase - High Performance Liquid Chromatography (NP-HPLC). There was a minor shift in retention time for 

four standard isomers of tocopherol (T) and tocotrienols (T3) when run at different time and resulted in a 

different of retention time due to variation in temperature and pressure during runs. The peaks from the serum 

samples were identified by comparing their spectra with spectra obtained using reference standards. Based on 

the chromatograms obtained in this study, it was noted that the elution order for vitamin E isomers in DPNR 

serum extracts were strongly in order of increasing analyte polarity: α-T  α-T3  γ-T3  δ-T3. The 

isomers with the lowest polarity were eluted first followed by the isomers with higher polarity [21,20]. The 

normal-phase column provided separation based on the number of the position of methyl substituent on the 

chromanol ring. Hence, the NP-HPLC separations confirm that the polarity of the tocopherol and tocotrienol 

isomers decreased with increasing in number of methyl groups [19].  

 

 
 

Fig. 6: NP-HPLC separation of standards and DPNR serum extracts. Peaks: 1- alpha-tocopherol, 2- alpha-

tocotrienol, 3- gamma-tocotrienol, 4- delta-tocotrienol. 

 

 Figure 7 shows the percentage yield of total vitamin E isomers (tocopherol and tocotrienols) in DPNR 

serum extracts. It was clear that the DPNR serum extracts contained α-tocopherol and α, ɣ, δ molecule forms of 

tocotrienols. In this current study, gamma-tocotrienol isomer was detected in all samples. This finding agrees 

with earlier study by Roslinda et al. [18] that reported the most abundant molecular variant of vitamin E in 

Hevea latex
 
was gamma-tocotrienol. 
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Fig. 7: The percentage yield of total vitamin E isomers in DPNR serum extracts by HPLC analysis. 

 

3.3 Effect of SFE parameters on extraction yield of Vitamin E: 

 The work focused on identifying and quantifying the tocopherol (T) and tocotrienols (T3) by manipulating 

the pressure and the temperature of the countercurrent (CC) SFE process. The pressure selected for the SFE 

process was tested at three different levels which were 100, 200 and 300 bar. The temperature selected for the 

process was tested at three different levels which were 40, 50 and 60˚C. Figure 8 and Figure 9 show the 

extraction yield of vitamin E from DPNR serum. 

 The results show that extraction process at temperature 40˚C and pressure 300 bar gave the highest yield of 

vitamin E from DPNR serum which is 93 ug/mL. It can be seen in Figure 8, the higher amount of vitamin E was 

obtained at 40˚C for all pressure level. This indicates that vitamin E is an easily extractable compound, even at 

low temperature. Increasing the temperature to 60 ˚C led to a decrease in the extraction yield. At a constant 

pressure (Figure 8), increasing the temperature reduces the density of supercritical fluid and hence reduces the 

dissolving power of CO2. The reduction in CO2 density will lead to reduction in solubility of analytes and 

decreases the extraction yield [23,19]. When the supercritical fluid containing dissolved solutes at lower 

temperature, flow into the higher temperature zone, less soluble components condense and drop down. This is 

due to the decrease in solute solubility with an increase in temperature [5]. 

 Figure 9 illustrates that at 40 ˚C, the extraction yield was increased from 100 bar to 300 bar. According to 

the results, an increase in the process pressure leads to an increase in the extraction yield. At a constant 

temperature, increasing the pressure increases the supercritical fluid density [23,19]. The dissolving power of 

CO2 increases with the density and thus increases the extraction yield [12]. As the density increased, the 

distance between the molecules decreased, therefore the interaction between the analytes and CO2 increased, 

leading to greater solubility of analytes in CO2. As reported by Fang et al. [5], higher pressure led to higher 

solubility and faster separation. The trend in Figure 9 agreed with the common rule that solubility generally 

increases with pressure [5]. 

 However, the extraction yields of vitamin E from DPNR serum were very low. This result may be 

explained by considering that the DPNR serum contains a lot of water due to the washing during the creeping 

process. If excess water remains in the extraction column, highly water-soluble solutes prefer to partition into 

the aqueous phase and consequently the yields will be low. 

  

 
 

Fig. 8: Effect of temperature on extraction yield of Vitamin E from DPNR serum.  

 

Conclusion: 

 The HPLC analysis revealed the presence of vitamin E (tocopherol and tocotrienols) in DPNR serum albeit 

at low levels. Extraction process at temperature 40˚C and pressure 300 bar gave the highest yield of total 

vitamin E from DPNR serum which was 93 ug/ml. Increasing the temperature led to a decrease in the extraction 

yield. The extraction yield was increased as the pressure increased. This indicates that the supercritical fluid 
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extraction at low temperature is suitable for the extraction of vitamin E. The SFE was found to be a potential 

method to extract vitamin E from rubber processing waste. 

 

 

 
 

Fig. 9: Effect of pressure on extraction yield of Vitamin E from DPNR serum.  

 

REFERENCES 

 

[1] Amaral, J.S., S. Casal, D. Torres, R.M. Seabra and B.P.P. Oliveira, 2005. Simultaneous Determination of 

Tocopherols and Tocotrienols in Hazelnuts by a Normal Phase Liquid Chromatography Method. Analytical 

Science, 21: 1545-1548. 

[2] Andre, T., C. Jun-Tzu, W. Qi, G. Abdul and A. Khosrow, 1999. Tocotrienol: A Review of Its Therapeutic 

Potential. J.Clinical Biochemistry, 32: 309-319. 

[3] Brunner, G., T. Malchow, K. Sturken and T. Gottschau, 1991. Separation of Tocopherols from Deodorizer 

Condensates by Countercurrent Extraction with Carbon Dioxide, J. of Supercritical Fluids, 4: 72. 

[4] Burton, G.W., 1994. Vitamin E: Molecular and Biological Function. Proceedings of the Nutrition Society 

53: 251-262. 

[5] Fang, T., M. Goto, X. Wang, X. Ding, J. Geng, M. Sasaki and T. Hirose, 2007. Separation of Natural 

Tocopherols from Soybean Oil Byproduct with Supercritical Carbon Dioxide, J. of Supercritical Fluids, 40: 

50-58. 

[6] Hasma, H. and A. Subramaniam, 1986. Composition of Lipids in Latex of Hevea Brasiliensis Clone RRIM 

501. J. Nat. Rubb. Res., 1: 30-40. 

[7] Ho, C.C., A. Subramaniam and W.M. Yong, 1975. Lipids Associated with the Particles in Hevea Latex. 

Proc. of the International Rubber Conference, 441-456. 

[8] Ibanez, E., Mendiola, J.A., M. Rodriguez, F.J. Senorans, G. Reglero and A. Cifuentes, 2008. Antioxidants 

in Plant Foods and Microalgae Extracted using Compressed Fluids. EJEAFChe, 7(8): 3301-3309. 

[9] Kamal-Eldin, A., S. Gorgen, J. Petterson and A.M. Lampi, 2000. Normal-phase High-performance Liquid 

Chromatography of Tocopherols and Tocotrienols. Comparison of different Chromatographic Columns. J. 

of Chromatography A, 881: 217-227. 

[10] Khoo, T.C., A.B. Rais and K.B. Basir, 2003. Deproteinised Natural Rubber (DPNR). Malaysian Rubber 

Board Monograph, No. 10: 1-13. 

[11] Ling, M.T., S.U. Luk, F. Al-Ejeh and K.K. Khanna, 2012. Tocotrienol as a potential anticancer agent. 

Carcinogenesis, 33: 233-239. 

[12] Liza, M.S., A.R. Russly, B. Mandana, S. Jinap, A. Rahmat, I.S.M. Zaidul and A. Hamid, 2010. 

Supercritical Carbon Dioxide Extraction of Bioactive Flavonoid from Strobilanthes Crispus (Pecah Kaca). 

Food and Bioproducts Processing, 88: 319-326. 

[13] Lucas, A.D., E. Martinez, J. Rincon, M.A. Blanco and I. Gracia, 2002. Supercritical Fluid Extraction of 

Tocopherols Concentrates from Olive Tree Leaves. J. of Supercritical Fluids, 22: 221-228. 

[14] Mandana, B., A.R. Russly, G. Ali and S.T. Farah, 2011. Antioxidant Activity of Spearmint (Mentha Spicata 

L.) Leaves Extracts by Supercritical Carbon Dioxide (SC-CO2) Extraction. International Food Research 

Journal, 18: 540-544. 

[15] Mohd Azizi, C.Y., B.S. Wahyu and A.M. Zainuddin, 2007. Advances in Separation Technology. 

Application of Supercritical Fluid in the Extraction of Active Compounds from Plant Material. (Zainuddin, 

A.M., Mohamed, M. N. and Hamidah, M. S., ed.), 31-62. Malaysia: Penerbit UTM. 

[16] Panfili, G., A. Fratianni and M. Irano, 2003. Normal Phase High Performance Liquid Chromatography 

Method for the Determination of Tocopherols and Tocotrienols in Cereals. J. Agric. Food Chem., 51: 3940-

3944. 



2695                                                             Nurul Hainiza Abd Razak et al, 2014 

Advances in Environmental Biology, 8(8) 2014, Pages: 2689-2695 

[17] Qiuhui, H., P. Bishu, X. Juan, S. Jianchun and S. Ying, 2007. Effects of Supercritical Carbon Dioxide 

Extraction Conditions on Yields And Antioxidant Activity Of Chrollea Pyrenoidosa Extracts. J. of Food 

Engineering, 80: 997-1001. 

[18] Roslinda, S., Y. Faridah and H.Y. Yeang, 2005. Tocotrienols from Hevea Latex. Proc. of the 2005 Conf. on 

Biotechnology of Plantation Commodities, 110-113. 

[19] Ruperez F.J., D. Martin, E. Herrera and C. Barbas, 2001. Chromatographic analysis of α-tocopherol and 

related compounds in various matrices. J. Chroma. A, 935: 45-69. 

[20] Sanagi, M.M., H.H. See, W.A.W. Ibrahim and A.A. Naim, 2006. Separation of Tocol-derivatives by 

Elevated Temperature Normal-Phase Liquid Chromatography. Jurnal Teknologi UTM, 45: 29-40. 

[21] Stoggl, W.M., C.W. Huck, H. Scherz, M. Popp and G.K. Bonn, 2001. Analysis of Vitamin E in food and 

Pharmaceutical Preparations by HPLC and HPLC-APCI-MS-MS. Chromatographia, 54: 179-185. 

[22] Yasukazu, Y., N. Etsuo and N. Noriko, 2003. Comparative study on the action of tocopherols and 

tocotrienols as antioxidant: chemical and physical effects. J.Chemistry and Physics of Lipids, 123: 63-75. 


