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Introduction 



What is Palm Oil ? 

Palm oil is the most widely-
used vegetable oil in the 

world.  

Palm is quite unique in that it 
yields two types of oil: palm 
oil from the mesocarp and 

palm kernel oil from the palm 
kernels.  

The largest portion (90%) of 
palm oil and its products are 
used for consumption, while 
the remaining 10% is utilized 

for nonedible purposes . 

Palm oil offers a good balance 
between the nutritional 

composition and taste and 
texture of a product. 



Why PALM OIL? 

The oil palm is the most efficient oil-bearing crop in the world, 

requiring only 0.26 hectares of land to produce one tone of oil while 

soybean, sunflower and rapeseed require 2.22, 2 and 1.52 hectares, 

respectively, to produce the same. 



Why Palm Oil? 
 

 Economic processing on production. 

 World Needs of Edible Oils. 

 Each oil palm tree continues producing fruit economically for up to 25 years. 

 Versatility-Chemical composition of palm oil suits most product formulations 

wide range of products 

 Semisolid in nature, suited for formulation of plastic fat products.  

 Nutritive value - Rich in natural antioxidants i.e. tocopherol, tocotrienol and 

carotenoids 



Historical Background of Oil Palm 



From a tropical climate 

Nature plays a big part in the palm oil story. What the tree loves above all, is sun and 

humidity. It thrives on plenty of sunshine, temperatures ranging between 24 and 32 

degrees centigrade and rainfall evenly distributed throughout the year.  

Therefore, the most suitable areas for 

cultivation are located between ten degrees 

north and south from the equator. Apart from 

Indonesia and Malaysia there is an increase 

in palm oil production in other parts of the 

world including South and Central America, 

Thailand and Western Africa. 







The cultivation of oil palm increased at a fast pace in early 1960s. 
Since then, the new breeds not only yielded more fruits but also 

produced a type of fruit that was ideally suited to the new screw 
presses which have became widely used in Malaysia. 

 The relatively high yields and low risks from planting oil palms in 
Malaysia helped the industry to grow quickly.  



Palm Oil Uses 



Palm oil uses 

• Palm oil can be used both as a crude oil as well as in the refined form. Only 
one quarter of the palm oil and palm kernel oil worldwide is used as a 
crude oil. 

• In Southeast Asia, Africa (it has been used as a source of oil and vitamins) 
and parts of Brazil, crude palm oil is widely used for domestic cooking.            





Palm Oil Processing and Minor Components 
(Phytonutrients)  



Oil palm, is a unique crop as its fruit produces  

two distinct types of oils;  
Crude palm oil from the mesocarp  &   Crude palm kernel oil from the kernel. 



Both of these oils, which are mainly made up of triglycerides, are 

chemically and physically different from each other with. 

 Palm oil high in palmitic acid (C16:0 fatty acid). 

 Palm kernel oil high in lauric and myristic acids (C12:0 and C14:0 

fatty acids respectively).  



Palm oil is mostly used in its refined form: which is odourless and pale 

yellow, making it a valuable ingredient providing texture and taste for a 

variety of products.  

 

 

 

 

 

 Refined palm oil is used as an affordable ingredient in many food products, 

such as:  margarine, confectionery, chocolate, ice cream and bakery products.  

 It is also widely used in nonfood products such as soap, candles, and  

cosmetics. 



Crude palm oil is produced 
from palm fruit by refining 

(cooking, pressing and 
clarification), to become 

acceptable for human 
consumption. 

Beside the real fat fraction, 
crude palm oil contains a 

multitude of chemical entities, 
some of them with actual or 

potential value, the most 
relevant being tocopherols, 
tocotrienols and carotenoid  

components. 

The objective of the refining is 
to remove objectionable 

minor constituents of the oil 
with the least possible 

damage and minimal losses of 
the desirable components. 















Crude palm oil contains about 1% valuable components 
(phytonutrients) that are beneficial to health. 
These phytonutrients include: 
 

 Carotenes, 
 Vitamin E (tocopherols and tocotrienols), 
 Sterols  
 Squalene  
 Co‐enzyme Q10 
 Phospholipids 
 

 The presence of these phytonutrients will increase the 
demand for palm oil 



 Since the 1990’s, these phytonutrients were explored widely for its 
potential as nutritionally valuable phytochemicals.  

 Since, phytonutrients are derived from plants, it has become the 
natural choice of supplements in comparison with synthetically 
derived ones.  

 Phytonutrients responsible for giving plants their color, nutrients that 
protect the plant from harmful oxidation, viruses, bacteria, parasites 
and insects.  

 Phytonutrients such as carotenes, vitamin E (tocols) sterols, squalene 
and co-enzyme Q are vital substances used in the prevention and 
treating of cancers and various cardiovascular related ailments. 

 The type of phytonutrients present in one vegetable oil differs from 
another and also provide unique characteristics for the vegetable oil. 









Phytonutrients Concentration in Palm Oil 

These minor constituents of palm oil have drawn attention worldwide due to their industrial 

applications and beneficial health effects. 





Sourc        s 
Vitamin   can be found in vegetable oils, unprocessed cereal 

grains, fruits, nuts, vegetables, and meat (Institute of Medicine, 2000).  











Vitamin E 
 Vitamin E is a very influential vitamin that affects numerous systems of the body. 
 It serves as a powerful anti-oxidant.  
 Vitamin E has also been linked to a strengthened immune system, 

cardiovascular health, mental health, eye and muscle health and so many more.  
 As a lipid-soluble substance, vitamin E oil also protects your cell membranes 

and arterial walls. 
 
 

The Vitamin E Superstar: Tocotrienols 
Did you know there are actually eight forms of vitamin E? 
 Vitamin E is divided into two categories—four compounds of Tocotrienols and 

four compounds of Tocopherols. 
 Tocopherols are the most common form of vitamin E, but studies have found 

that Tocotrienols are the most impactful. 





The Power of Tocotrienols 
 
In the past, the majority of vitamin E 
research focused on Alpha-Tocopherols. 
It is reported that as little as one 
percent of all research on vitamin E 
focused on Tocotrienols. However, a 
significant shift in focus has taken place 
in the recent years. As much as 30 
percent of recent peer-reviewed 
research articles have focused on 
Tocotrienols. 

Why the dramatic shift? It’s becoming more and more clear that Tocotrienols, particularly 
delta- and gamma- Tocotrienols, are extremely powerful. Just look as some of the studies 
conducted on Tocotrienols by some of the most well-known research facilities in the United 
States 





Benefits of Tocotrienols 
 Supplementation with palm-derived tocotrienols is associated with a reduction in 

cholesterol levels. 
Cardiovascular benefits associated with tocotrienol include arterial compliance, 

improved blood pressure, and increased antioxidant activity that may improve 
ventricular function.  

 Palm-derived gamma and alpha tocotrienol are associated with reduction in 
triglyceride levels by 28 percent, according to a study conducted by the Davos 
Life Sciences and Malaysia Palm Oil Board. 

 supplement toctrienols taken daily improving immune response. 
Alpha-tocotrienol is believed to have neuro-protective effects, according to 

scientists at the Ohio State University. 
Tocotrienol has been linked to increasing hair growth in people who have male 

pattern baldness. In this function, it may be used in combination with other 
nutritive ingredients to support healthy hair. 
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phytosterols and stanols 

 The phytosterols and stanols  are naturally occur in a variety of foods such 

as nuts, vegetable oils, seeds and cereals. 

 The prime function of phytosterols is to inhibit the intestinal absorption of 

cholesterol.  

 Human body uses the Phytosterols to produce the hormones it needs. 

 Phytosterols are not synthesized in human body, are poorly absorbed and 

are excreted faster from the liver than cholesterol. 

 



Chemical Structure 

• They consist of a steroid skeleton with a hydroxyl group attached to the C-
3 atom of the A-ring and an aliphatic side chain attached to the C-17 atom 
of the D-ring. 

•  Sterols have a double bond, typically between C-5 and C-6 of the sterol 

moiety, whereas this bond is saturated in phytostanols. 



Classification 

 

 

Phytosterols has two classes 
 
-Sterols 
 
 
 
 
 
 
 
-Stanols (Saturated) 
 
 
 
 

 

sitosterol campesterol 

sitostanol campestanol 



DIFFERENTIATION 

 

 

PHYTOSTEROL CHOLESTEROL 

Synthesized by plants only Synthesized by liver(from AcetylCoA) and it is also a 
essential component of cell membrane 

Helps plant to maintain the temperature Helps in maintaining membrane permeability and 
fluidity 

Helps to lower the Low Density Lipo-
protien(LDL) in the blood( by 10%) 

Serves as a precursor for the biosynthesis of steroid 
hormones, bile acids, and vitamin D. 

Daily intake should be 1-2gm for 
beneficial effects 

Less than 200mg through diet since body also 
synthesize it. 

http://en.wikipedia.org/wiki/Steroid_hormone
http://en.wikipedia.org/wiki/Steroid_hormone
http://en.wikipedia.org/wiki/Bile_acid
http://en.wikipedia.org/wiki/Vitamin_D


Extraction of Phytosterols 
PHASE 1 
 

1 

• Deodorization lead in removal of volatiles and gives us a distillate that is rich in 
free fatty acids, but also significant levels of tocopherols (5-15%) and 
phytosterols (8-20%). 

2 
• Transesterification is carried out to give fatty acid methyl esters , and we get 

free tocopherols and free phytosterols which are separated by distillation. 

3 
• The free tocopherols are separated from free phytosterols by solvent 

crystallization and filtration 



EXTRACTION: 
VEGETABLE OIL 

 

 

4 

• Addition of MeOH:H2SO4 (50-80degC) 

• Vigorous stirring for 2-6hrs 

5 

• Vaccum distillation of methanol 

• Separation of H2SO4 by hot water washing 

6 

• Crystallization at 0-25degC for 1-10hrs 

• Filtration then washing with hexane at 
10deg 

• Pure crystals of sterols 

A process for the preparation of high purity 
phytosterols from deodourizer distillate from vegetable 
oils. 
The yield of phytosterols obtained is in the range of 
80-90% of free sterols available in with 95-99% purity. 





Vitamin Beta Carotene 

• Beta-carotene is one of most active provitamina-A, that the 
body it is responsible for transforming it into vitamin A 
carotenoids.  

• These carotenoids are plants that have an orange color pigments 
(if the carrot) red (if the red pepper), yellow (the apricot), etc. 

               *-* functions *-* 
-Immune function: enhances resistance to infections. 
-Protection against solar radiation 

 *-* treatments *-* 
- Acne treatment. 
- Avoids eye dry. 
- Prevents cell oxidation 

http://images.google.es/imgres?imgurl=http://img.genciencia.com/2009/03/zanahoria.jpg&imgrefurl=http://www.genciencia.com/quimica/las-zanahorias-son-de-color-naranja-gracias-al-patriotismo-de-holanda&usg=__C5E6Bfcm35eNjSm3bJDHf3pWhFY=&h=359&w=400&sz=35&hl=es&start=4&um=1&tbnid=FcMf8XN1gIX4wM:&tbnh=111&tbnw=124&prev=/images?q=imagenes+de+zanahorias&ndsp=20&hl=es&sa=N&um=1
http://images.google.es/imgres?imgurl=http://es.dreamstime.com/albaricoque-thumb6873752.jpg&imgrefurl=http://es.dreamstime.com/fotograf-iacutea-de-archivo-albaricoque-image6873752&usg=__xL7znbDn4sAaXyFLFxfQv3dwGl8=&h=238&w=300&sz=40&hl=es&start=4&um=1&tbnid=q-D0c0phE-4HHM:&tbnh=92&tbnw=116&prev=/images?q=imagenes+de+albaricoque&hl=es&um=1
http://images.google.es/imgres?imgurl=http://www.lamolina.edu.pe/FACULTAD/ciencias/hidroponia/semillas/foto-pimiento-rojo-enza.jpg&imgrefurl=http://www.lamolina.edu.pe/FACULTAD/ciencias/hidroponia/semillas/&usg=__ZgRhBDvZA9fh2ivj0WNvARXrhto=&h=1263&w=946&sz=627&hl=es&start=4&um=1&tbnid=k5rVbqFA9OQSUM:&tbnh=150&tbnw=112&prev=/images?q=imagenes+de+pimenton+rojo&ndsp=20&hl=es&sa=N&um=1
http://images.google.es/imgres?imgurl=http://fichas.infojardin.com/foto-hortalizas-verduras/beta-vulgaris-remolachas-me.jpg&imgrefurl=http://fichas.infojardin.com/hortalizas-verduras/remolacha-mesa-betarraga-remolacha-roja-betabel.htm&usg=__2PeZost1zkqz2vNy0Nb9d4CGQ_M=&h=200&w=169&sz=6&hl=es&start=12&um=1&tbnid=0bCtgTmiYfYlZM:&tbnh=104&tbnw=88&prev=/images?q=imagenes+de+remolachas&hl=es&sa=X&um=1


Vitamin A and Beta-Carotene 
• Vitamin A is found in the body in compounds known as retinoids: retinol, retinal & retinoic acid.  

• These have functional roles in vision, healthy epithelial cells, and growth.  

• Vitamin A deficiency is a major health problem in the world.  

• Plant foods provide carotenoids, such as beta-carotene, some of which have vitamin A activity.  

• Animal foods provide compounds that are easily converted to retinol.  

• Retinol binding protein (RBP) allows vitamin A to be transported throughout the body. 





Alpha-carotene: 
 
 

is the other major carotenoid (38%) in red palm oil and modern technology 
permits its isolation and subsequent concentration for experimental purposes.  
 
Alpha-carotene too has pro-vitamin A activity but its efficacy is much lower than 
beta-carotene. 
 
A recent animal study with alpha-carotene from palm oil demonstrated that it 
has potent inhibitory effects on the progression of certain types of cancers 
(inhibiting chemically induced skin tumour progression).  
 
These results led the researchers to conclude that the natural carotenoids in 
palm oil have excellent chemo preventive activity and efforts should be directed 
at preserving these micronutrients in the oil.  



Crude palm oil has high of Carotenoids 673 mg/kg  but it was destroyed by the 

normal processing and refining operations.  

Gentler processes have been developed resulting a "red palm oil" that retains 

most of the carotenoids. 









Pharmaceuticals: 

  Squalene is used in a large quantity as an intermediate material for the production of 

pharmaceuticals, creams and lotions.  

 Squalene is not only used as a skin lubricant but  also as a carrier of lipid soluble drugs. 

Other Industries: 

  Squalene has been reported  to be used as a bactericide and an intermediate for the 

manufacture of organic chemicals, rubber chemicals, aromatics, surfactants. 

  Squalene is considered as an excellent industrial lubricant  because of its high resistance 

to oxidation. 



RECOVERY OF SQUALENE 
 

 The contents of squalene in  palm oil  products   are given in the Table. 
 However, looking at the growing concerns for the protection of marine animals  

particularly with regard to depletion of shark, development of new sources especially 
from renewable plant sources is of relevance.  

 Research and development to produce squalene from palm oil products, especially PFAD 
merit serious consideration. 

 MPOB researchers succeeded in producing pure colourless squalene (Figure). 





Co-enzyme 
Q10 

• Co-enzyme Q10 is structurally related to the vitamin E and K.  

• Co-enzyme Q10 is claimed to exhibit 10 times greater antioxidant property than 

vitamin E; however, the greater concentration of carotenes and vitamin E in palm oil 

tends to overshadow its viability.  

• Low concentration of co-enzyme Q10 may be detrimental to health. 

• Some government officially approved for use co-enzyme Q10 as drug for treatment of 

congestive heart failure way back and for use in food and dietary supplements.  

• Co-enzyme Q10 has anticancer properties of its own. 



COENZYME  Q10 
BEEF 

MACKEREL 

SOY 

SPINACH 

PEANUTS 

Cardiovascular benefits 
•    Protects Ischemic heart muscle) 
•    Antihypertensive) 

Anti-cancer effects 
•    Breast cancer cells 

Enhance Production of cellular Energy 
•    Exercise Performance) 

Antioxidative defense mechanism 
•    In plasma and blood cells 



In red palm oil, the Malaysian golden oil has not only retained its distinct red 
colour (due to the carotenoids) but also enhanced its nutritional values.  



Extraction of phytonutrients by Supercritical CO2  

SC-CO2 extraction has become an increasingly popular method for the valuable natural 

minor components of palm oil, due to its distinctive advantages, as well as low 

temperature use, selective extraction, simpler and cleaner (solvent-free) product 

recovery as well. 

The application of supercritical fluid extraction of carotenes and vitamin E from palm 

oil is seen to have great potential for replacing the conventional methods. 

SC-CO2 used in extraction of carotenoids and vitamin E from palm and palm-pressed 

fibers oil.   



Supercritical  fluid region 

T
Tc = 31.1 oC

P c
= 

7.
38

 M
Pa

solid

gas

liquid

Supercritical fluid 
region

Critical point

P



• Noncombustible nor explosive, is environmentally friendly 

• CO2 good solvent for many organic compounds.  

• Enable the separation  of compounds to be extracted due to its low 
viscosity, high diffusivity and the ability to solvate. 

• In SC-CO2 extraction, the fluid is continuously forced to flow through 
the samples; therefore, it can provide quantitative or complete 
extraction.  

• These properties make SC-CO2 a good solvent  for extraction.  

Properties and Characteristics of 

Supercritical CO2 as Extraction Solvent 



Conclusi
on 
Palm oil is a rich source of essential phytonutrients and enhances the value of the oil 

MPOB has developed a number of processes to extract these phytonutrients 

 Natural compounds with biological activity have recently attracted special interest 

as a source of ingredients for nutraceutical food and pharmaceutical industries.  

Many health benefits have been demonstrated for tocotrienols particularly in breast 

cancer and neuro protection. 

Commercially carotenoids and tocotrienols from palm oil are available in the market 



From the above mentioned facts, there is an abundance of waste being generated from the 

industry which can be turned to value-added products.  

Bioactive components have been receiving great attention because they bring benefits to the 

health and food fields.  

Obtaining bioactive components from by-products using novel extraction techniques is 

increasing, and scientific investigations are progressively focusing on the natural antioxidants 

which are present in these by-products. 

 Also, the suitability of using each novel technique for obtaining different antioxidant 

phytochemicals, based on target compound characteristics, was emphasized. 
 

 



 The research in Malaysia (MPOB) directed at producing zero waste from the palm oil 
industry and regards the palm oil by-products not as waste but resources. 
 

 The latest developments in refining technology have been driven by the increased 
attention to nutritional quality.  
 

 Optimizing the deodorization conditions for a maximum retention of natural characteristics 
is important.  
 

 Due to the market demand for minimizing trans fatty acids formation and improving 
tocopherols and tocotrienol retention. 

 
 A golden palm oil rich in tocopherols, tocotrienols and carotenoid components is 

obtainable by special physical refining.  
  
 This is the best option for a maximal retention of valuable minor components, for a good 

oxidative stability and an efficient removal of the free fatty acids. 
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