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II. LITERATURE REVIEW 

 

 

A. Overview of Vitamin E 

The term "Vitamin E" refers to a family of eight 

related, lipid-soluble, antioxidant compounds widely 

distributed in plants. Vitamin E occurs in nature in 

at least eight different isoforms: α-, β-, γ- and δ-

tocopherols and α-, β-, γ- and δ- tocotrienols. 

Tocotrienols differ from the corresponding 

tocopherols only in their aliphatic tail. Tocopherols 

have a phytyl side chain attached to their chromanol 

nucleus, whereas the tail of tocotrienols is 

unsaturated and forms an isoprenoid chain (see Fig 

2.1) (Lampi, 2011).  

 
 
 
 
 
 
 
 
 
 
Figure 2.1 Molecular structures of vitamin E 
stereoisomers. Tocotrienols consist of a chromanol 
nucleus and a lipophilic isoprenoid chain. 
Tocopherols differ only in the side chain (phytyl). 
The naturally occurring isoforms, α-, β-, γ- and δ- 
have methylation patterns as indicated (Packer et 
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al., 2001, Sanagi et al., 2006, Tan, 2005, Świgło et 
al., 2007). 
 

Lipid-rich plant products and vegetable oils are 

the main natural sources of vitamin E (see Table 

2.1). Tocotrienols are found in high concentrations 

in palm oil and rice bran. Other natural sources 

include coconut oil, cocoa butter, soybeans, barley 

and wheat germ. Moreover, tocotrienols were also 

detected in meat and eggs. Sunflower, peanut, 

walnut, sesame and olive oil, however contain only 

tocopherols (Packer et al., 2001).  

 

Table 2.1 Vitamin E Content (mg per 100 g product) 
of Selected Oils (Packer et al., 2001) 

Source Tocotrienols Tocopherol 
α β γ δ α 

Palm 14.6 3.2 29.7 8.0 15.0 
Rice bran 23.6 NA 34.9 - 32.4 
Wheat germ 2.6 18.1 NA NA 133.0 
Coconut 0.5 0.1 - - 0.5 
Soybean 0.2 0.1 0 0 7.5 
Olive 0 0 0 0 11.9 
Rubber     4.6 11.5 

NA, not analyzed 

 

Historically, the first vitamin E (alpha-

tocopherol) was discovered as a vital nutrient which 

offers protection against fetal resorption. A burst of 

research activities followed after the initial discovery 

of vitamin E by Herbert Evans of the University of 
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California Berkeley: its isolation from plants, 

chemical identification complete synthesis, and 

antioxidant activity were all first reported before 

1940. Other tocopherol discoveries soon followed 

while the tocotrienol discoveries appeared much 

later (Tan, 2005). 

The biological activity of tocopherols and 

tocotrienols are mainly attributed to their 

antioxidant activity in inhibiting lipid peroxidation 

in biological membranes. α-tocopherol is the most 

active form of vitamin E and accounts for almost all 

vitamin E activity in living tissue (Seker et al., 2012). 

The most widely accepted function of vitamin E is its 

chain braking anti-oxidant activity. The α-tocopherol 

is capable of quenching free radicals, which protects 

phospholipids and cholesterol against oxidation and 

subsequent breakdown to potentially harmful 

chemically reactive products (Seker et al., 2012). The 

subject of natural anti-oxidants continues to 

captivate the interests of food and biomedical 

scientists because of the reports that diets rich in 

plant anti-oxidants derived from fruits and 

vegetables are associated with lower risks of 

coronary heart disease and cancer (Seker et al., 

2012).  
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B. Palm-Fatty Acid Distillate (PFAD) 

One of physical refining palm oil by product is 

Palm-Fatty Acid Distillate (PFAD) (Gunstone and 

Herslof, 2004). Approximately 3.66 tonnes (or about 

3%-5%) PFAD are produced for every 100 tonnes of 

Crude Palm Oil (CPO) from Elais guineensis 

(Norhidayah et al., 2012) during palm oil processing 

which has a valuable unsaponifiable substance 

named vitamin E (Ahmadi et al., 2012). It could 

become one of the most valuable sources of vitamin 

E because vitamin E of PFAD consisted of about 70% 

tocotrienol and 30% tocopherol (Han and May, 2012, 

Han et al., 2004, Ahmadi et al., 2012). The high 

amount of tocotrienol compound in PFAD is thought 

very important due to its potential to be used as 

natural vitamin E source. This valuable PFAD 

presently is not used properly and sold as raw 

material at low prices. 

 

C. UV Spectra of Vitamin E 

Ultraviolet (UV) spectra of several vitamin E 

compounds are given in Table 2.2. The UV spectra 

for tocopherols and tocotrienols in ethanol show 

maximal absorption between 292 and 298 nm. 

Minimal absorption occurs between 250 and 260 nm 

(Eitenmiller and Lee, 2004).  
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Table 2.2 UV Absorptivities of Vitamin E (T: 
tocopherol, T3: tocotrienol) (Ref: Podda et al., 1996, 
Lampi, 2011, Rychlik, 2011) 

Vitamin E Isomers Maximum Wavelenght (nm) 
α-T 292  
β-T 296  
γ-T 298  
δ-T 298  
α-T3 292  
β-T3 294  
γ-T3 296  
δ-T3 297  

 

Ultraviolet (UV) detection at 292 nm was 

sufficient to detect the fat-soluble vitamins for the 

quite concentrated preparations used in the study.  

 

D. Vitamin E Extraction  

Saponification refers to alkaline hydrolysis by 

KOH or, less commonly, by NaOH. The hydrolysis is 

used to free fat-soluble vitamins, except vitamin K, 

which is labile under the alkaline environment, from 

the sample matrix. In general, protein, lipid, and 

carbohydrate complexes are destroyed; 

triacylglycerols and phospholipids are hydrolyzed; 

tocopherol and tocotrienol are hydrolyzed; pigments 

and other substances that may interfere with the 

chromatography are removed; and the sample 

matrix is disrupted, facilitating vitamin extraction. 

The procedure includes the following general steps: 

addition of ethanolic base (KOH) to the sample 
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together with a suitable antioxidant such as 

pyrogallol or ascorbic acid or combinations of 

antioxidants; cooling of the digest; partitioning of 

the digest with petroleum ether, hexane, ethyl 

acetate in hexane, or other suitable solvent 

mixtures; collection of the organic solvent phase; 

washing of the organic solvent to remove fatty acid 

soaps; concentration of the non-saponifiable fraction 

(vitamin E fraction) (Eitenmiller and Lee, 2004). 

Many saponification procedures have been used 

with success for vitamin E analysis. Often exact 

parameters for a specific matrix must be determined 

through investigation of the effects of the variation 

of conditions on recovery of vitamin E homologues 

and analytical values obtained with varying 

digestion conditions. Temperatures and times used 

for saponification range from ambient temperature 

for 12h or more to 80°C for 30 minutes or less. 

Parameters such as sample size, volumes and 

concentrations of alkali, and time and temperature 

can be varied to optimize the digestion. The most 

efficient saponification and less destructive effects 

occur, resulting in high recoveries of spiked 

tocopherols and tocotrienols (Eitenmiller and Lee, 

2004). 

 

 


