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IV. RESULT AND DISCUSSION 

 

A. Extraction Efficiency  

Numerous trials were conducted to determine 

efficiency of the extraction. Extraction efficiency was 

determined by randomly selecting, weighing, and 

saponifying PFAD in four replications. 

Saponification of PFAD samples was done with the 

simplified procedure (two type of saponification were 

done). In the first, saponification was done by added 

50% KOH and 0.5% ascorbic acid, incubated at 

80°C. The second saponification, methanol was 

added into the PFAD, then the sample was 

incubated for 12 h at -20°C, then filtered.  

The samples from the two saponification were 

extracted by same extraction method then detected 

by UV Vis, and injecting an aliquot of each 

redissolved sample into the HPLC. Vitamin E absorb 

UV light at λ=290-300 nm. Figure 4.1 shows the 

result of saponification at 80°C and extraction with 

petroleum ether and methanol, compare with 

vitamin E α-T standard. The wavelength shows 

relatively same wavelength (around 290 nm): as the 

α-T standard shows maximum wavelength at 292 

nm, and the crude PFAD extract, which contain not 

only α-T, but also another isomers – vitamin E 
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mixture (will be discussed later), shows maximum 

wavelength at 297 nm. 

 

 

Figure 4.1 UV Vis Detection of Vitamin E from PFAD 
Crude Extract Compare to α-T Vitamin E Standard 
 

 

It is recommended that the unsaponifiable 

matter is obtained by a method involving a 80°C 

saponification procedure. Particular attention was 

paid to saponification temperature and time, 

otherwise low recoveries of vitamin E obtained. Any 

purified of isomer vitamin E standards are not 

available, therefore, a supplement of vitamin E was 

used to obtain chromatograms which contain α-

tocopherols. This was used to assist peak 

identification in test sample chromatograms. 

 



 17

 

B. Optimization of the Methods 

The chromatographic system was first 

conditioned by flowing the mobile phase through the 

column until obtaining a constant pump pressure 

and absorbance reading. After that, the 

chromatographic system was optimized for the 

mobile phase (petroleum ether and methanol) for the 

separation of the vitamin E. The reason for using 

petroleum ether and methanol was to adjust the 

polarity of the mobile phase. Experimental studies 

demonstrated that the analysis time was too short 

at a higher methanol percentage, because higher 

methanol percentages increase the polarity of the 

mobile phase and decrease the distribution 

coefficient of the tocochromanols due to increasing 

the solubility of tocochromanols in the mobile 

phase.  

At lower methanol percentages in the mobile 

phase, the analysis time was too long because lower 

percentages decrease the polarity of the mobile 

phase and increase both the distribution coefficient 

of the tocochromanols and the interaction between 

the stationary phase and tocochromanols, due to 

decreasing the solubility of the tocochromanols in 

mobile phase. Consequently, methanol was chosen 

as the optimum mobile phase composition for the 
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separation of PFAD extract. Nevertheless, the 

separation of tocopherols and tocotrienols in real 

samples with -20°C saponification was not 

satisfactory with this mobile phase including 

methanol because their peaks cannot be detected.  

Therefore, a second optimization work was 

necessary to separate the tocochromanols and the 

co-extracted compound peaks, in which the PFAD 

extracts with 80°C saponification were used instead 

of α-tocopherol vitamin E standard as a controls. 

Experimental results show that methanol was a 

sufficient amount to keep the polarity of the mobile 

phase in optimum condition to separate the 

tocochromanols compounds peaks.  

Figure 4.2 shows the chromatogram of the 

tocopherols and tocotrienols at 1.5 mL/min flow 

rate of the mobile phase. The analysis time was less 

than 15 min at the optimum conditions. 

Tocopherols contain two isomers (α-, γ-) and 

tocotrienols contain four isomers (α-, β-, γ-, δ-). It is 

important to note that the positional β- and γ-

tocotrienols isomers can be completely resolved by 

normal-phase HPLC.  

A typical HPLC profiles of PFAD obtained is 

shown in Fig 4.2. The chromatogram shows a good 

baseline separation of the vitamin E. It illustrates 

identifiable peaks which correspond to α-T (3.047 
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min), α-T3 (3.416 min), γ-T (3.967 min), β-T3 (4.517 

min), γ-T3 (5.267 min) and δ-T3 (7.949 min). The 

total analysis time was less than 15 minutes.  

 

 

Figure 4.2 The chromatogram of the PFAD extract, 
separated on ODS column C18 HPLC, 150 mm×3.9 
mm, i.d., 5 µm particle size with 99.99% methanol 
mobile phase at 1.5 mL/min flow rate. (1) α-
tocopherol; (2) α-tocotrienol; (3) γ-tocopherol; (4) β-
tocotrienol; (5) γ-tocotrienol;  (6) δ-tocotrienol 

 

Generally, β-tocotrienols levels in palm oil 

samples are lower than those of γ-tocotrienols. But 

in this case, on PFAD sample, β-tocotrienols 

concentration higher than γ-tocotrienols. The β-

tocotrienols concentration is important with respect 

to that of the γ-tocotrienols (Seker et al., 2012). 

While γ- and δ-tocotrienols have the same 

concentration relatively. All of the experimental data 
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given here in shows that the HPLC method with the 

PDA detector is rapid, accurate, reproducible, and 

can be applied for the determine tocopherols and 

tocotrienols in real samples. The linearity of the 

method was studied with the solutions of α-

tocopherols supplement as a control. Three 

replicated injections were made to ensure that 

accurate responses were generated. The average 

peak areas were used to obtain the calibration graph 

that was plotted using the peak areas as a function 

of concentrations.  

 

C. Characteristics of PFAD and 

Unsaponifiable Matter 

The major component of PFAD is free fatty acid 

and contained vitamin E 1313 ppm. Thus showed 

that PFAD has more vitamin E than of the other 

vitamin E sources such as rice bran, cereal, berry, 

and olive oil respectively 300, 84-318, 56-140, and 

100-270 ppm (Ahmadi et al., 2012). Composition of 

vitamin E from PFAD are α-, β-, γ-, δ-tocotrienols 

and α-, γ-tocopherols. Tocotrienols are the major 

components of vitamin E in PFAD that reached 

66.67% and the remaining is tocopherol. Ahmadi et 

al., 2012 also stated that the excellence of PFAD is 

that it contains mainly vitamin E in the form of 

tocotrienol (70%). 
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Unsaponifiable matter may had lower free fatty 

acid content due to saponification could not remove 

free fatty acids (FFA) properly. Many factors 

influenced saponification such as alkali 

concentration, saponification temperature, time, and 

amount of alkali added. In this study, such affecting 

factors were not optimized to obtain free fatty acids 

of unsaponifiable matter. FFA was undesirable 

component in unsaponifiable matter of PFAD and it 

was removed in the form of saponifibale fractions. 

Saponifiable fraction could be further processed into 

soap and other non food products.  

Saponification raised concentration of vitamin 

E in unsaponifiable matter about 26.67 times 

compared to PFAD according to Ahmadi et al., 2012. 

The other components of unsaponifiable matter are 

free fatty acid, aldehyde, ketone, degradable 

carotenoid, sterol, and hydrocarbon. These 

components of unsaponifiable matter had different 

melting points.  

Hence, we used petroleum ether extraction by 

saponification with 80°C incubation as an optimal 

method to separate vitamin E. Temperature of 80°C 

is usually used for the optimum saponification 

condition for vitamin E, because at this 

temperature, vitamin E can be separated from 

saponifiable substance. Several researches about 
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vitamin E analysis also use temperature around 

80°C for saponification step (Podda et al., 1996, 

Park et al., 2004, Ubaldi et al., 2005). In addition, 

based on study by Park et al. (2004), at 80°C, 

vitamin E keeps their stability. 

 

D. Determination of Tocopherols and 

Tocotrienols in PFAD 

Natural E-vitamers are basically separated by 

adsorption according to the number of methyl 

groups on their chromanol rings which is the main 

factor affecting their polarity. Moreover, the 

unsaturation in the side chain also influences the 

polarity of these compounds making the tocotrienols 

slightly more polar than their corresponding 

tocopherols.  

Tocopherol and tocotrienol standards, however, 

are not available as pure compounds at the market, 

and thus their identification is usually done by 

using vitamin E supplement or palm oil extracts 

that are known to contain tocopherol and 

tocotrienol. Calibration curves of tocopherols should 

be measured on regular basis. UV absorptivities of 

vitamin E supplement contain tocopherols and 

tocotrienols are useful in checking the PFAD sample 

compounds.  
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Prior to the determination of tocopherols and 

tocotrienols with the proposed method, the 

tocopherols and tocotrienols must be extracted from 

the PFAD. PFAD contain 95.75% free fatty acid 

(Ahmadi et al., 2012), and for that reason tocopherol 

and tocotrienols were extracted with combination 

solvents of petroleum ether and methanol, and then 

a saponification step was applied to separate 

tocopherols from the fatty acids. Tocopherols and 

tocotrienols peaks are well separated with methanol 

and petroleum ether extraction method.  

It is believed that peaks around 3.3 and 11.9 

min retention times belong to the co-extracted fatty 

acids, such as oleic and linoleic acids (Panfili et al., 

2003, Han et al., 2004, Sanagi et al., 2006), which 

have been reported to be the main composition of 

fatty acids of PFAD. No attention is paid to these 

peaks, because they do not interfere with the 

tocochromanols peaks. The elution of PFAD 

tocochromanols in normal stationary phase follows 

the order of (1) α-tocopherol; (2) α-tocotrienol; (3) γ-

tocopherol; (4) β-tocotrienol; (5) γ-tocotrienol;  (6) δ-

tocotrienol was the last to be eluted. Figure 2 

completed the analyses at less than 15 minutes. 

Detection was carried out using Photodiode Array 

Detector at 292 nm.  
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E. Column Chromatography 

Crude PFAD extract that is prepared before, 

then applied to column chromatography for further 

fractionation into some isomers. By thus kind of 

method, the identification and isolation of isomers is 

successfully done. The isomers with the lowest 

polarity are eluted first followed by the isomers with 

higher polarity.  

Figure 4.3, 4.4, 4.5 show every fraction that 

can be isolated and detected by UV Vis. They also 

show result of fractionation PFAD vitamin E isomers 

by gradient solvent of methanol : petroleum ether 

are 1:4, 3:7, and 2:3, respectively. From the results, 

it can be notified that the second fraction 

consistently shows the wavelength of 292 nm, and 

it’s identified as α-T. This result also consistent 

when thus second fraction is detected compare with 

standard solution of α-T vitamin E standard (Figure 

4.1).  

These two peak of graphs are overlap exactly at 

292 nm if they are presented together, although the 

‘tail’ of 2nd fraction not exactly overlap with vitamin 

E supplement (this is caused by another compound 

that may still contain in 2nd fraction of PFAD 

extract, for example FFA, which is also detected by 

HPLC – see Figure 4.2). Thus vitamin E supplement, 

however not only contain α-tocopherol (also contain 
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β-, γ-, and δ-tocopherol), so that we can identify 

another peak of vitamin E supplement (see Figure 

6), for example approximately at 298 nm (peak for γ- 

and δ-tocopherol). But it is noted that the 

supplement contain known concentration of α-

tocopherol and peak of 292 nm as identify as α-

tocopherol. 

 

Figure 4.3 Absorbance of Vitamin E Isolation 
Results from 5 Fractions of PFAD Extract by UV Vis 
Detection in Methanol:Petroleum Ether 1:4 

 
 

From Figure 4.3, 4.4, 4.5 it can be concluded 

that α-T was obtained from 2nd fraction and shows 

constant wavelength at 292 nm. However, there are 

absorbance variations of each gradient elution in 

which the solvent composition vary linearly with 

binary solvent systems. This is in concordance with 

the polarity of each solvent composition. Good 

separation is achieved by methanol : petroleum 
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ether with ratio of 2:3. It shows better separation if 

compare to another ratio (1:4 and 3:7).  

 

Figure 4.4 Absorbance of Vitamin E Isolation 
Results from 5 Fractions of PFAD Extract by UV Vis 
Detection in Methanol:Petroleum Ether 3:7 
 

 
Figure 4.5 Absorbance of Vitamin E Isolation 
Results from 5 Fractions of PFAD Extract by UV Vis 
Detection in Methanol:Petroleum Ether 2:3 
 
 



 27

 

 

F. Standard Solution 

Analytical data obtained from absorbance of 

vitamin E standards utilized to plot calibration curve 

(from α-tocopherol vitamin E Supplement). d-α 

tocopherol (natural α-tocopherol) contain 100 IU or 

about 67 mg. Thus supplement, however not only 

contain α-tocopherol (also contain β-, γ-, and δ-

tocopherol), but every isomer has each 

concentration.  

In this study, the supplement contains α-

tocopherol 100 IU or about 67 mg. Any purified of 

isomer vitamin E standards are not available as 

pure compounds at the market, and thus their 

identification is usually done by using vitamin E 

supplement or palm oil extracts that are known to 

contain tocopherol.  

Based on this known concentration of α-

tocopherol, a stock solution is obtained dissolving in 

methanol. The stock solution is stored at -20๐C. The 

solutions are obtained progressively diluting in 

methanol. 
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Table 4.1 Mean of Absorbance of α-Tocopherol Vitamin 
E Standard 

Concentration 
(µg/ml) 

Mean of  
Absorbance 

Standard  
Deviation 

50 0.114479 0.541921247 
100 0.22755 1.077177296 
150 0.307909 1.457581121 
200 0.421594 1.995743726 
250 0.50544 2.392654329 
300 0.607652 2.576505991 
350 0.753217 2.755582296 

 
 
 
 

 
 
Figure 4.6 Standardization Curve for α-tocopherol 
 
 

Concentration of α-T that has been isolated 

from PFAD was successfully determined based on 

standard curve. In addition, identification and 

isolation of α-T is based on standard solution of α-T 

standard and also based on literature (wavelength 

and absorbance in secondary data).  

 



 29

G. Calibration of Wavelength and Absorbance 

Scales  

The wavelength scale is usually calibrated, 

using 292 nm, weigh accurately about 0.067 g of α-

T supplement (standard reagent), and dissolved in 

methanol to make exactly 1,000 ml. The absorbance 

scale is calibrated, using this solution. The 1% E 

values of this solution are 75.8 at the wavelengths of 

290 nm (min.), 300 nm (max.) The calculation of 

dilution and calibration standard curve shows in 

Table 2 and Figure 7, respectively.  

Here in the Table 3-5 and Figure 8-10 we also 

shows intra analysis repeatability test of isolated 

isomer α-T from PFAD with 3 aliquots. Intra analysis 

of three gradient solvent shows that means of α-T 

concentration is 400 µg/ml. 

 
Table 4.2 Intra Analysis Repeatability Test Realized 
on 3 Aliquots of The Same Sample in 
Methanol:Petroleum Ether 1:4 

 Aliquot 1 
of α-T 

Aliquot 2 
of α-T 

Aliquot 3 
of  α-T 

Mean of 
absorbance 

0.91359 0.85547 0.723484 

Concentration 
(µg/ml) 

424.5210
87 

397.5142
622 

336.1838
62 

Standard 
deviation 

2.345270
519 

2.108799
557 

1.900423
677 
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Figure 4.7 Absorbance of α-tocopherol aliquot 1-3 
from PFAD Extract by UV Vis Detection in 
Methanol:Petroleum Ether 1:4 
 

 
 
Table 4.3 Intra Analysis Repeatability Test Realized 
on 3 Aliquots of The Same Sample in 
Methanol:Petroleum Ether 3:7 

 Aliquot 1 
of α-T 

Aliquot 2 
of  α-T 

Aliquot 3 
of α-T 

Mean of 
absorbance 

0.820300
50 

0.6851888
7 

0.595163
49 

Concentration 
(µg/ml) 

381.1719
26 

318.38912
8 

276.5567
18 

Standard 
deviation 

1.609352
08 

1.6080819
3 

1.838020
97 
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Figure 4.8 Absorbance of α-tocopherol aliquot 1-3 
from PFAD Extract by UV Vis Detection in 
Methanol:Petroleum Ether 3:7 
 
 
 
 
 
Table 4.4 Intra Analysis Repeatability Test Realized 
on 3 Aliquots of The Same Sample in 
Methanol:Petroleum Ether 3:2 

 Aliquot 1 
of α-T 

Aliquot 2 
of α-T 

Aliquot 3 
of  α-T 

Mean of 
absorbance 0.981016 0.891744 0.819733 
Concentration 
(µg/ml) 

455.85216
48 

414.3698
297 

380.9082
243 

Standard 
deviation 1.180727 1.204039 1.349403 
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Figure 4.9 Absorbance of α-tocopherol aliquot 1-3 
from PFAD Extract by UV Vis Detection in 
Methanol:Petroleum Ether 2:3 


