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~ PRODUKSI CPO DI INDONESIA
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~ SUPLAI EDIBLE OILS DI DUNIA
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(=) THE OIL PALM FRUITS

\

\mros/

Basic Information

«Fruits per bunch: 1000 to
3000

«Bunch Weight: 15-25kg

«Fruit size: 5 cm

«Fruit shape: Oval

«Fruit Color: Yellowish Red
«Fruitlet weight: 10 grams
«0il per bunch: 23-25%

il . Mesocarp: crude palm oil

Palm kernel: crudew
< palm kernel oil

-~ Shell | R R
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PRODUKTIVITAS

Kelapa sawit berbuah setelah 2-3 tahun
dengan umur ekonomi 25-30 tahun

tetapi setelah dio

Produksi minyak
per tahun

Kelapa sawit menghasilkan 20-25 ton tandan
per hektar per tahun

Proporsi minyak per tandan adalah 25%

ah skala pabrik 20-22%

ner hektar adalah 4-5 ton






TANDAN DAN BUAH SAWIT

Tandan sawit yang sudah matang
mengandung ratusan sampai ribuan buah
sawit dengan berat sekitar 40 kg

Buah sawit berukuran 2-5 cm dengan bentuk
oval dan berat 8-20 g

Buah yang belum matang berwarna violet
sampal hitam, jika sudah matang berubah
warna menjadi oranye tua atau merah cerah

Buah sawit terdiri dari mesokarp (pulp) dan
biji yang terdiri dari kulit (endokarp) dan
daging buah (kernel)




TANDAN BUAH SAWIT SEGAR
(FEB=FRESH FRUIT BUNCH)




BUAH SAWIT



Key Raw Materials

® Palm Qil to Carbon
chain length: Cy;,Cyg

= Palm kernel oil to:
C6 :cs ’C1osc12’c14




BAGIAN BUAH SAWIT

Pericarp
Seed (Fruit-Wall)
(Kernel)
Exocarp (skin)
Testa
Mesocarp
Endosperm (o1l bearing tissue)
(o1l bearing tissue)
Fibre
Embryo

Endocarp (shell)



KOMPOMM BUAH SAWIT

Q

= mesocarp = Kulit dan tangkai = Bii buah




Crude Palm Qil Milling Process

PLANTATION

. FFBIN

PALM KERNEL
CRUSHING PLANT

COMPANY MILL POWER & STEAM
EMPLOYEES DOMESTIC POWER

DISESTING
SHELLS

BUNCHES

PREZZED
CAKE

DEPERICAFING FIBRES
CLARIFICATION
-~ +—SETTLNG

PURIFKCATION

DRYING

SLUDGE
SETTLING

FERTILSER

L)

REFINERY

CENTRIFUGIHG
DECANTIHG EFFL ENT




EKSTRAKS MINYAK SAWIT KASAR
(CPO, CRUDE PALM OI1)

Beberapa tahapan ekstraksi minyak dari
tandan sawit adalah:

Sterilisasi

Pelepasan buah (bunch stripping)
(treshing)

Digesti
Ekstraksi minyak
Klarifikasi dan Purifikasi



EKSTRAKN MINYAK SAWIT

Tandan buah segar

!

Sterilisasi

» kondensat

!

Pelepasan buah

'

Digesti

!

Pengepresan

!

Cairan Minyak

Klarifikasi

—>

!

Minyak sawit kasar

Serat sawit

Biji sawit

Lumpur sawit




Used as boiler
fuel in the mills

the wastewater derived from
processing the fruit

Palm Oil Mill
e Effluent (POME)

e

-->> After treatment
used as organic fertiliser

Pruned midrib

used as organic fertiliser

Leaves

used as organic fertiliser

--->> After processing
Flesh & Kernel used as energy (biogas)

of the oil palm fruit is converted into
Trees palm oil and palm kernel oil respectively
used as basic material for furniture

Empty Fruit Bunches (EFB)

composted and reused as organic fertiliser in the plantations

il
LM



PELEPAH DAN BATANG SAWIT
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TANDAN KOSONG SAWIT INTI SAWIT BUAH SAWIT MESOCARP
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Pulp & Paper  Compost  Carbon

‘ ¢ MINYAK SAWIT MENTAH (CPO) SERAT %
B Bakai
CANGKANG AMPAS SAWIT

l MINYAK INTI SAWIT

« Bahak Bakar Pakan Ternak I
* Karbon

PRODUK PANGAN

Eer Margarin Minyak ~ Minyak  Shortening  Susu
Goreng  Makan Kental
Merah Manis

.

+ Asam lemak sawit
+ Fatty alkohol

+ Fatty amina

+ Senyawa epoksi

+ Senyawa hidroksi

Vanaspati J
4

PRODUK NON PANGAN /OLEOKIMIA

v
v~

Kosmetik

'

PUSAT PENELITIAN KELAPA SAWIT
JI. Brigjen Katamso No. 51, Medan 20158, Indonesia
Telp. 061-7862477, Fax. 061-7862488

e-mail : admin@iopri.org, http://www.iopri.org
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TRESHING ATAU BUNCH STRIPPING
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EKSTRAKSI

STEAM INLET

* CONDENSATE OUTLET

HEAD BOX

PRESSURE CONE
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DISCHARGE FILTRATE

Screw Press Cross Section

DRIVEN SPROCKET
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BIJI NAWIT/KERNEL
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Palm Oil Refining line

Crude Palm O1l k. £ M0 1 Filtration

I: l 1 ra t i() Il Granular Impurities
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| /q/-\
(P REFINING PROCESS

: 80°C - 90°C 90°C - 120°C Filtration
— ‘ ‘ Bleaching 2

CRUDE
PALM OIL

180°C - 260°C
under vacuum

Deacidification
and
deodorization







PALM FATTY ACID DISTILLATE

It is produced
about 4% of (PO
A by pmﬂyc} of _llﬂllll 3.66 ton PFAD IS
oil rqiml.ng In produced irom every
deodorization step 100 tons (PO

PALM
FATTY ACID
DISTILLATE

(PFAD)

32
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Bioactive Compounds

Phytonutrients, phytochemicals
Ingredients for functional foods

Compounds that have positive
physiological effects on health more than
essential nutrition

A broad diversity of structurg
and functionalities

Teti Estiasih - Brawijaya University - ' 34
Mobile +62-8123304966
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" 2 T
Composition of palmOIl-

Triglyceride >90 ———

nutiva’
Diglyceride 2-7 ed paim O
Monoglyceride <1 <
Free Fatty Acid 3-5 =
Phytonutrients 1

Loganathan et al. (2009)
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Bioactive Compounds o1

/'

\“

Phytonutrients (about 1%)

Vitamin E (600 — 1000 pPpm)

Carotenoid (500 — 700 ppm)

Palm oil

Phytosterols (300 - 620 ppm)

Squalene (250 — 540 ppm)

Phospholipids (20 — 100 ppm)

Co-enzyme Q10 (10 — 80 ppm)

Polyphenolics (40 — 70 ppm)

assanein, WWW'SIIdeSharr@ti @Qitasih - Brawijaya University -

Mobhile +62-8123304966
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oactive Compounds oi (PO
* Vitamin E 222 ppm
 Phytosterols 17,322 ppm
* Squalene 535 ppm



PIAD Utilization

f . . N Feed
Ilgnoring bioactive L

compounds

4 A
PFAD could be used
Integratively as a
source of bioactive
compounds and free
fatty acids
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The Occurance-ol i0ﬂCliV. compounds ol
palm oil

« Accumulated in PFAD and unsaponifiable
fraction of CPO

* Tocotrienols and tocopherols 0.7-1.0%
(Liu et al. (2008)

« Squalene 1.03% (Posada et al., 2007)
* Phytosterols 0.37% (Gapoor ete

* Bioactive compounds of PFAD is %4
unsaponifiable ' matiers..."" ,
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PFAD COMPOSITION
(*Gapoor ef al., 2002; ** Lewis,2001)

Component
Free fatty acid
Glyceride
e Triglyceride
e Diglyceride
e Monoglyceride
Sterols
e Stigmasterol
e Campesterol
e [} Sitosterol
Steryl ester
Hydrocarbon
e Squalene
e Others
Tocopherol + tocotrienol
Others

Concentration (%)*
81.7
14.4
4.1
7.1
2.7
0.37
0.004
0.092
0.212

1.47
0.76
0.71
0.48
1.60

Concentration (%)**
40

28.5

13.2

10.5
0.3

0.5

6.0
1.0



Bioactive Compounds In Palm 0il

Phytosterols

VitaminE -

Major hydrocarbon in

PEAD Squalene
Concentration reaches . e o PP
0.76% CrrTr R
Campesterol (13%), B )
sitosterol (60%),
stigmasterol (24%) HO o 0
Concentratlon 037% Campesterol R-sitosterol Stigmasterol

. . . “°\;\/\ o
Rich in tocotrienols B e A A (N
Concentration 5 e ik
0.48% 0 e

Teti Estiasih - Brawijaya University -
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e

- Hypocholesterolaemic
property

- Cholesterol lowering property
- Lactogenic

- Cholesterol lowering property
- Antioxidant/Hepatoprotector

ti Estiasih - Brawijaya University -

Mobile +62-8123304966 42



’ Squalene
C30H62 Squqlqne ”aﬂww;m
G O Oy

 Has anti cancer and cholesterol lowering properties
(Loganathan et al., 2009).

* Has the ability to increase fecal excretion of bile acid that
leads to reduce blood cholesterol level (Qureshi et al.,
1996; Shin et al., 2004; de Costa et al., 2013).

* Increase cholesterol level (Zesheng et al., 2002), due to

incresing extent of cholesterol synthesis (Coskun et al.,
2013).

* |Increased the excretion of bile acids
(de Castro et al., 2013)

Teti Estiasih - Brawijaya University -
Mobile +62-8123304966
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Phytosterols

Palm oil

Y ¥

' CHOLESTEROL AND PHYTOSTEROL STRUCTURES

g Tpty

CHOLESTERON STIGMASTEROIL B-SITOSTEROL % \\H!\YH\()!

Teti Estiasih - Brawijaya University -
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T Phytosterols

Palim oll

« Phytosterols lower blood cholesterol level by
Inhibiting cholesterol absorption

« Phytosterols also have the ability to increase
breast milk production (Freitsche and Steinhart,
1999),

« Anti inflammation, anti cancer,
Immunomodulatory (Carr et al., 2010),
antithrombotic, and hypocholesterolaemic
properties (Awad and Fink, 2000; Piiron et al.,
2000; Ostlund et al., 2002).

Teti Estiasih - Brawijaya University -
Mobile +62-8123304966
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Mechanism of action

1)Reduces the absorption of cholesterol

by competing with cholesterol for

incorporation into the bile salts micelles

or for uptaking of cholesterol by
enterocytes.

3) Phytosterols enhance cholesterol excretion
back into the intestinal lumen through the

ABC G5/G8 transporters

Fet-Estiast Brawijaya University -

wwgh@e@hfa@éfinet

2) Phytosterol precipitates
marginally soluble
cholesterol into non
absorbable form in the
intestine.

4)They could also prevent
esterification of free
cholesterol.
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Inhibition of Cholesterol Absorption

Phytosterol

o Cholesterol ester

| Esjasih - Brawijaya,University - . :
Viobil WABANY. OBiN@E]C.Ca s Mixed micelle
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Acetyl-CoA

Inhibition of 1

Cholesterol Acetoacetyl-CoA
. HMG-CoA synthase
Synthesis ! | :

HMG-CoA (Statins operate here)

PllYlOSlel‘()lS \_ i l HMG-CoA reductase

Mevalonate

1
Farnesyl pyrophosphate -
! |
1 .
Ubiquinone (CoQ10)

CHOLESTEROL

www.zoeharcombe.com Teti Estiasih - Brawijaya University -
Mobile +62-8123304966
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Palmitoyl Oxostearamide
Sodium Lauryl Lactylate
Palmitoyl Tetrapeptide Palmityl Alcohol

Hyrated Palm Glycerides S0dium Lauryl Sulfate

Sodium Palm Kernelate Palm Fruit Qil
OCtYl Palmitate Sul.phate

wreimtemet \[eoetable O1l
P lmate Palm Kernel Qil

Glyceryl Fru1t

Ve.*gestt;ai:rlal.tee Fat Palm]tlc AC]d

Palm Stearine
Etyl Palmitate

a=aeen: P [Mitate

Vegetabe Oil Sodium Laureth Sulfate

Palmitoyl Oxostearamide
Sodium Lauryl Lactylate
Palmitoyl Tetrapeptide Palmityl Alcohol

Hyrated Palm Glycerides Sodium Lauryl Sulfate

Sodium Palm Kernelate Palm Fruit Qil
OCtYL Palmitate Sulphate

wrentmtenet \[egetable O1l
P lmate Palm Kernel Oil

Glyceryl Fru1t

Vegesttgal:r;itee Fat Palm]tlc AC]d

Palm Stearine
Etyl Palmitate

aeoneer: P [Mitate

Vegetabe Oil Sodium Laureth Sulfate

Palmitoyl Oxostearamide
Sodium Lauryl Lactylate
Palmitoyl Tetrapeptide Pa[m]ty[ Alcohol

Hyrated Palm Glycerides d0dium Lauryl Sulfate

Sodium Palm Kernelate
Octyl Palm1tatg ah:‘;teFrUIt ol

wenimetenet \[eoetable O1l
Palmate Palm Kernel Qil

Glyceryl Frmto

Palmitoyl Oxostearamide
Sodium Lauryl Lactylate
Palmitoyl Tetrapeptide Palmityl Alcohol

Hyrated Palm Glycerides S0dium Lauryl Sulfate

Sodium Palm Kernelate Palm Fruit Qil
Octyl Palmitate, ..

s temel \@getable Oil
P lmate Palm Kernel Oil

Glyceryl Fru1t

Palm Stearine

weisirs P [Mitic ACTi o wediiem P2l Mitic Acid

Palm Stearine

Etyvl Palmitate L T

Etyl Palmitat
ylPalmitate Y | e 2 ey e~
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Vitamin E: Tocopherols & Tocotrienols

RI
HO CHy  CHs  CHs
R’ 0 CH,
CH, =3 o R =CHy R"=CH;
Tocopherols
g B- R'= CHy, R"=H
RI
' R'=H,R"=CH
HO CHy  CHy  CH, ! ’ :
5 R'=H,R"=H
R 0 # - “™ CH,
o, O
Tocotrienols

50



VITAMIN E
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A Progress in Tocotrienol Research
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Figure 10: Progress in tocotrienol research.
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Incorporation of Vitamin E into
Lipid Membrane Bilayer

Vitamin E scavenges

free radicals stopping
Chain reaction of
Waoar frise Tadieale chain reaction of damage |
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Hydrogen peroxide Cell membrane
and other free radlcals

Stress injury, toxins
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Role oI Vitamin E as Antioxidant
- B :

non-enzymatic
oxidative
lipid metabolism
initiating radicals
j.e. Fe2*, LOO™, LO™, "OH, ONOO

lipid radical (LO™)

enzymatic oxidative
lipid metabolism

prostaglandins &
thromboxanes

/
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peroxyl radical (LOO™)

lipid hydroperoxide
k peroxyl and alkoxyl radicals
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Mechanism oI Tocotrienols In Reducing Cholesterol
-
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Bioactive Compounds oi PFADS from Several Palm 0il

Refineries in Indonesia

Palm QOil Vitamin E Phytosterol Squalene Polycosanol Co-enzyme
Refinery (Ppm) (PPM) (Ppm) (Ppm) Q10 (ppm)
1 195.60 7476.56 2373.27 nd nd
2 64.70 407.00 462.87 nd nd
3 280.63 6011.72 2767.08 nd nd
4 200.76 2310.52 1380.16 nd nd
5 172.47 1956.15 2222.41 nd nd
6 208.82 3915.22 nd nd nd

nd = not detectable
Reference: Estiasih et al. (2013)




Unsaponiiiable Fraction (USF) ol PFAD

Bioactive components of PFAD were
accumulated in (USF)

USF could be separated from SF by
simple saponification

Two fractions are formed during
saponification

« USF contains bioactive compounds
» Saponification fraction that rlch in FFA or soap

- Brawijaya Uni 59
M bI +62- 8123304966




Bioactive Compounds of USF from PFAD

(Estiasih e/ al., 2012)
Vitamin E
0.80%
Co-enzyme Phytosterols
010 n.a. 9.16%
Polycosanol Squalene

0
“.(l. Teti Estiasih - Brawijaya University - 1.14 0 60
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Bioactive Compounds of USF from PFAD
(Estiasth et al., 2012)

Concentration

Bioactive Compounds

ppmM %

Vitamin E 7,968.04 0.80
e o tocopherol 644.11 0.06

e « tocotrienol 1,860.54 0.19

e O tocotrienol 4,853.78 0.49

e vy tocotrienol 609.61 0.06

e Total tocotrienol 7,323.93 0.73
Phytosterol 91,846.30 9.18
e Beta sitosterol 81,932.59 8.19

e Campesterol 61.87 0.01

e Stigmasterol 9,851.83 0.99
Polycosanol nd nd
Squalene 11,436.66 1.14

Co-enzyme Q10 nd nd







The Eftect o USF Irom PFAD
on Health
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Total Cholesterol Lowering Properties
(Estiasih et al., 2014)

250
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v Hypercholesterolaemia +
USF 200 mg/kg bw/d

w Hype rcholesterolaemia +

x)
1 LISF SO0 mg/kg bw/d

*

w——— Hypercholesterolaemia

USF 1000 mg/kg bw/d
50 F

Blood Serum Total Cholesterol Level (mg/dl)

& Hyporcholesterolacmia
squalenc 920 mg/kg bw/d

0

Week

Figure 1. Blood serum total cholesterol level after USF admunistration at
PARL d : Teti Estiasih - Brawijaya University -
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Triglyceride Lowering Properties
(Estiasih et al., 2014)

s NOrmal control
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Figure 2. Blood serum triglyceride level after USF administration at

various doses Teti Estiasih - Brawijaya University -
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squalene 90 mg/kg bw/d

Figure 3. Blood serum LDL cholesterol level after USF administration at

various doses
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Immunomodulator Efiects

¢ USF acted as immunomodulator

» USF increased Immune system by increasing
limphocytes proliferation as well as increasing IgG
and interferon y production

iasih - Braw 63

Mobile +62-8123304966


http://www.wotc.in/crude-palm-oil-or-cpo/

» USF from PFAD increased the production of breast milk

» USF increased baby’s weight of rats treated by USF
better than untreated rats.

* The best dose to increase breast milk production
was 500 mg/kg bw/day.

 The ability of USF to increase breast milk
production also proved by the dilatation and the
increase of alveoli cells of mammary gland.
* The higher the dose of USF, the more
~ abundantmilk production. .
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Hepatoprotective Effect

* USF had arole as hepatoprotector from liver

peroxidation that indicated by its ability to reduce
liver MDA level as well as increase liver SOD
activity.

* No significant damage was found in rats

treated by USF compared to untreated rats

when administered by highly oxidized frylng al..
e

LOVE YOUR
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Antioxidant

« USF had antioxidant activity that indicated by its ability
to reduce blood MDA level and increase blood SOD
activity in peroxidation or oxidative stress condition.

* The ability of USF as antioxidant increased with
increasing USF dose untill 500 mg/kg bw/day.

* Further dose did not show any beneficial effe

2
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PFAD (PALM FATTY ACID DISTILLATED)
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Fortification USF Micremulsion
Into Instant Noodie
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Fortilication USF Micremuision Into Bread
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Fortilication of USF Microemulsion into (rackers
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Fortilication USF Microcapsule
Into Milk Powder
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Direct USF Fortilication Into Bread
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Process Improvement

* Deodorization

 Evication of health functions of USF fortified food
products

 Human studies on the effects of USF and USF
fortified food products



http://www.google.co.id/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj5gZG326_LAhVHC44KHYh4AWsQjRwIBw&url=http://www.wwf.org.au/our_work/saving_the_natural_world/forests/palm_oil/&psig=AFQjCNEpccXRk8IgYqrFT8_c6AGYEwscRQ&ust=1457479129780553
http://www.google.co.id/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj5gZG326_LAhVHC44KHYh4AWsQjRwIBw&url=http://www.wwf.org.au/our_work/saving_the_natural_world/forests/palm_oil/&psig=AFQjCNEpccXRk8IgYqrFT8_c6AGYEwscRQ&ust=1457479129780553

Atherosclerotic lesion

Lipid-poor
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_ { . g Biliary
Proatherogenic % excretion
monocytes and H F S /

neutrophils » VLDL/LDL & other receptors

HSPC mobilization |
and hematopoiesis |

2 \ 3

ABCA1 HSPCs

Cellular cholesterol efflux and reverse cholesterol transport
¥
Reduced plaque cholesterol and inflammation

¥
Reduced atherosclerosis and cardiovascular events

Developing ol USF from
PFAD as Supplement
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supplements Based Unsaponifiable

Bioactive Compounds
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Tocotrienols Rich Fraction
(Ahmadi ¢/ al., 2012)

Table 1.  Chamcteristics of palm fatty acid distillate (PFAD)and
tocotrienol rich fraction (TRF)

Chamcteristxs PFAD TRF

Free fatty acid (%) 85.10 not analyzed

Peroxide value (meqgkg) 027 not analyzed
Vitamm E concentration (ppm) 1313 230100
Stocotrienol (ppm) 84 312500
ytocotrienol (ppm) 505 206700
atocotrienol (ppm) 279 107300
atocopherol (ppm) 444 373800
Totaltocotrienol (ppm) 868 626500

Antioxidant actwity (Vo) 22.83 81.51
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Hepatoprotective Eftect ol Tocotrienol Rich
Fraction (Estiasih é7 al, 2013)
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Histopathology

ol Liver
(Estiasih et al., 2013)
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Phytosterols Rich Fraction

¢ Prepared from unsaponifiable fraction

* Reduce cholesterol level in
hypercholesterolaemia condition
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J PALM OIL-BASED TRANS-FREE MARGARINE

k‘u POB/

Cake margarine ﬂ!

FORMULATIONS

Soft margarine

Filing with ease

Fluidized margarine




PALM OIL IN GHEE SUBSTITUTES
(TRANS-FREE FAT VEGETABLE GHEE)




PALM OIL IN DAIRY PRODUCTS
SUBSTITUTES

Evaporated Palm-based
Milk/Condensed Milk mozzarella analogue

Non-dairy Creamer/
Whiteners

e Minsak Sawit Makaysia @ Malarsian Pakm 0 ased




PALM OIL IN DAIRY PRODUCTS
SUBSTITUTES

f

L :
l Condensed Milk
' "l -

Evaporated Palm-based
Milk/Condensed Milk mozzarelia analogue

Non-dairy Creamer/
Whiteners
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Penggunaan untuk Non Pangan

Oleokimia (asam lemak, fatty alcohols, fatty
amines, gliserol, dan metil ester)

Deterjen dan surfaktan
Sabun

_ilin

Pelumas

Kosmetik

Pelapis kaleng

Bahan bakar diesel
Plasticizer untuk plastik




PALM OLEOCHEMICALS
DOWNSTREAM PRODUCTS

A 2 )
Personal care products

tenhaga Minsak Savit Malaysia @ Matarsian Pain O Based
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() PALM BIODIESEL

Summer-Grade Winter-Grade
Palm Biodiesel Palm Biodiesel

Pour point +15° C Pour point-21° C




:DP:B VALUE ADDITION THROUGH BIOMASS UTILIZATION

Abundance of Oil Palm ‘?
Biomass w—

Crude Palm Ol Biofue! / Biodiesel

r’*-

- _ ‘ e ’
10 0/0 Oil OIL PALM‘I::UNK
90% biomass s °(';,;;‘;;'5"'“°"'
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