SUPERCRITICAL FLUID
CHROMATOGRAPHY :
APPLICATION IN OIL PALM
INDUSTRY

Choo Yuen May, Ng Mei Han and Mohd. Basri Wahid




Presentation covers :

* Introduction to oil palm industry
* Phytonutrients in palm oil

* SFC for the analyses of palm phytonutrients
vs other analytical tools

* Preparative SFC
* Pilot scale SFC

* Commercial applications of SFC in oil palm
Industry

* Future prospect of SFC in oll palm industry




THE OIL PALM INDUSTRY




World Production of 17 Oils and
Fats in 2006
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Total crude palm oil and

palm kernel oil production : 41.1 million metric tonne
















Palm-pressed Fibre Oll




Uses of Palm Oil and Palm Kernel Ol

* Cooking oll

* Food (food Ingredients, fat and cocoa
butter substitute, vanaspati, margarine,
etc)

e Oleochemicals
e Biodiesel

* Functional Food




Composition of Crude Palm Qill

Triglycerides

Dlglycerldes? 990
Monoglycerides

Free Fatty Acids

Minor components ~1%

(containing phytonutrients)




Phytonutrients in Crude Palm QOill

Phytonutrients Crude Palm Qll
(PPM)

Tocols 600-1000
Carotenes 500-700
Phytosterols 300-620
Squalene 250-540
Coenzyme Q (Ubiguinones) 10-80
Lecithin (Phospholipids) 20-100




Individual Carotenes Composition

Carotenes Crude Palm Oll
(%)
Phytoene 1.27
Phytofluene 0.06
b-Carotene 56.02
a-Carotene 35.06
Cis-a-Carotene 2.49
z-Carotene 0.69
gCarotene 0.83
d-Carotene 0.33
Neurosporene 0.29
b-Zeacarotene 0.74
a-Zeacarotene 0.23
Lycopene 1.30




Individual Tocols Composition

Tocol Crude Palm Oil (%)
a-tocopherol 22
a-tocotrienol 20
gitocotrienol 46
d-tocotrienol 12




Individual Sterols Composition

Phytosterols Crude Palm Ol
(%)
b-Sitosterol 60
Campesterol 13
Stigmasterol 24
Cholesterol 3




Importance of Phytonutrients

Tocols

Antioxidant

Anti-cancer
Hypocholesterolemic
Inhibit platelet aggregation
Enhance vasodilation

Carotenes

* Pro-vitamin A

* Prevent xerophthalmia
* Antioxidant

* Anti-cancer




Phytosterols

* Hypocholesterolemic
* Convert into steroid
derivatives




Coenzyme Q

H,C—O CH,

H,C—O IS

* Enhances immune system

* Free radical scavenger

* Prevents hypertension and heart disease

* Slows degradation due to Parkinsons’ Disease

* Against cardiovascular disease

* Improves degradation due to Huntington’s Disease




Phospholipids O H,c-0—CORI
Il ?

* Synergistic antioxidant R2=C -0 —CH

+
effect with vitamin E and H,C ~0=h0 O —CH CH,N(CHy)
carotenoids O -

3
Squalene
==

* Metabolic precursor of
sterols
e Strengthen immune system




RDA of Phytonutrients

Phytonutrients Males Females
(mcg/day) (mcg/day)
Vitamin A 900 700
(3000 1.U.) (2333 1.U.)
Vitamin E 15mg 15mg
(22.5 1.U.) (22.5 1.U.)




APPLICATIONS OF PALM
PHYTONUTRIENTS

 Nutraceuticals
e Pharmaceuticals
e Cosmetics

* Food and beverages

* Fine chemicals




SFC FOR THE ANALYSES OF
PALM PHYTONUTRIENTS




Conventional Analytical Methods for
Palm Phytonutrients

Phytonutrients

Analytical Method

Carotenes ) UV-Vis spectrophotometry
(total carotenes)
i) HPLC-PDA
Tocols HPLC
Squalene GC-FID
Sterols GC-FID
Coenzyme Q HPLC




Separation of Palm Phytonutrients




Analyses of Palm Phytonutrients
(SFC vs Conventional Analytical Methods)

SFC Other Methods 2Pc
Squalene 600 £ 10 1730 + 30 690 + 302 2050 £602
Carotenes 550 £ 10 2400 £ 30 600 £ 20° | 2290 + 190P
Vitamin E | 1180+ 105 | 2280 + 145 | 1120 + 185¢ | 2090 +170¢
Sterols 180 + 10 2410 £ 50 230 £ 60* | 2250 + 3902
aGC-FID

bUV-Visible Spectrophotometry
°HPLC-Fluorescence




Separation of Tocols Standards




Separation of Palm Tocols




SFC vs HPLC for Analyses of Tocols

SFC HPLC
PFO CPO PFO CPO

a-T 1260 = 50 300 + 40 1250 = 70 310+ 70
a-T, 260 + 10 230 + 20 230 + 40 240 = 5

QT 805 205 100 £+ 20 10 + 10
gl, 480 + 30 540 = 30 350 = 30 460 = 30
dT, 200 £ 50 90 + 10 160 £ 10 100 £ 70
Total 2280 £ 145 | 1180+ 105 | 2090 +170 | 1120 + 180




Separation of Coenzyme Q




PREPARATIVE SFC OF
PALM PHYTONUTRIENTS




OBJECTIVE & RATIONALE

* To recover phytonutrients from palm biodiesel
production

* To isolate and recover individual counterparts of
carotenes, tocols, sterols and coenzyme Q in high
purity to be used as fine chemicals and
pharmaceutical products

* High value of the phytonutrients will ensure
return of investment and profitability




Separation of Palm Carotenes




'H NMR of Lycopene

Purity > 90%




IH NMR of -Carotene

Purity > 90%




Separation of Palm Tocols




'H NMR of -Tocopherol

Purity > 95%




IH NMR of Tocotrienols

-Tocotrienol

@ Tocotrienol

Purity > 90%




Separation of Palm Sterols




'H NMR of Squalene

Purity > 90%




PILOT SCALE SFC




Malaysian CPO production = 15.9million tonnes
In year 2006

Total phytonutrients = 15,900 tonnes

Phytonutrients Amount (tonne)
Carotenes 954
Vitamin E 143.1

Sterols 79.5
Squalene 55.7
Coenzyme Q 9.5




Production of Palm Phytonutrients
from Palm Biodiesel

* MPOB/Petronas Palm
Biodiesel Production
Technology: involves mild
process conditions

* Thus, retain all endogenous
palm phytonutrients in palm
biodiesel

* Provides unique opportunity
for recovery of palm
phytonutrients

MPOB Palm Biodiesel Pilot
Plant




Value-Added Products

For every 1 tonne of palm methyl esters (palm
biodiesel) burnt as fuel, we also burn away:

0.6 kg
0.8 kg
0.5 kg
0.4 kg
0.05 kg
0.06 kg

Carotenes
Vitamin E
Phytosterols
Squalene
Coenzyme Q
Phospholipids




Value-Added Products

The values of the phytonutrients are:

Carotenoids (30%) US300/kg
Vitamin E  (50%) US500/kg
Phytosterols (Industrial Grade, US25/kg

as lbb- sitosterol)
Squalene (Nutraceutical Grade) US33/kg

Coenzyme Q (Pharmaceutical Grade) US2,800/kg
Phospholipids (Nutraceutical Grade) US25/kg




Value-Added Products

For every 1 tonne of methyl esters
burnt as fuel, the value of
phytonutrients burnt away Is:

~US 970/tonne
(RM 3,686/tonne)




MPOB Phytonutrients Technologies

CPO

Esterification

A 4

NPO

Transesterification

RBDPO

v

Crude Met[lyl Esters

A 4

Fractional distillation

* C16:0 —a-SME

* C18 mixed — low pour point biodiesel
* Vitamin E, sterols and squalene

l

Integrated Process

* Distilled methyl esters
* High purity phytonutrients
e.g. Carotenes >30%
Vitamin E >70%
Squalene >70%
Sterols >95%
* Fine chemicals




Production of Individual Carotene,
Tocols & Cholesterol-free Sterol

High purity (>90%) of the following
are to be produced:
iIndividual carotene, e.g. a- and b-

carotenes, lycopene and
phytoene
iIndividual vitamin E isomers, e.qg.

a- and gtocopherols, a-, g and d-
l’ SFC tocotrienols

b-sitosterol




Integrated Process for Production of
Palm Phytonutrients

Short path distillation

Supercritical fluid extraction (SFE)
(SC-CO,)

Supercritical fluid chromatography
(SFC) (SC-CO,)

Crystallization







Technologies Using SFC for
Commercialisation




Analytical Services




Palm Tocols as Standard
Reference Materials




High Purity Phytonutrients




High Purity Phytonutrients




Future for SFC in OIl Palm Industry

* Major world palm oil producers are Malaysia and
Indonesia. SFC is not widely used as analytical
tools in these countries yet.

* Analytical methods developed for the analyses of
carotenes, tocols, sterols, squalene and coenzyme
Q can be adopted

* Production of high purity phytonutrients will
complement the process for the production of palm
biodiesel. This will lead to wider applications of
SFC.




CONCLUSIONS

* Analytical methods developed using SFC are reliable
for the analyses of palm phytonutrients.

e Separations were repeated under preparative
conditions with good separations.

* Products recovered from preparative SFC are of good
quality for further applications.

* SFC needs to be widely promoted especially in the
Asian countries for it to be adopted by the oil pal m
Industry.
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