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Type and value of fatty acid content in vegetable oils (gram/100gram).

Saturated fatty acids (%) Unsaturated fatty acid (%)
Oils

palmitic  stearic total oleic linoleic linolenic total
Cocoa butter 25.6 354 61.0 34.7 4.0 0.3 39.0
Corn oil 10.9 1.8 12.7 24.2 58.0 0.7 82.9
Cotton oil 22.7 2.3 25.9 17.0 51.5 0.2 69.7
Olive oil 11.0 2.2 13.5 72.5 7.9 0.6 32.1
Palm oil 43.5 4.3 493 36.6 9.1 0.2 46.3
Peanut oil 9.5 22 16.9 44.8 32.0 - 78.2

Sufflower oil
(vary linolenic) 6.2 2.2 9.1 11.7 74.1 0.4 86.6

Sufflower oil
(vary oleic) 4.8 1.3 6.1 75.3 14.2 - 89.5
Sesame oil 8.9 4.8 14.2 39.3 41.3 0.3 81.4
Soy bean oil 10.3 3.8 14.4 22.8 51.0 6.8 81.2
Sunflower oil 5.9 4.5 10.3 19.5 65.7 - 85.2

Source : Lipp and Anklam (1998)
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Solid fat content of standard refined palm oils.

4

Temperature Palm 0il(%) Palm olein (%) Palm stearin (%)
Mean Range Mean Range
10 53.65 46.1-60.8 76.04 49.5-84.1
15 39.13 33.4-50.8 68.91 37.2-79.0
20 26.10 21.6-31.3 60.70 25.2-71.2
25 16.28 12.1-20.7 50.55 15.8-63.5
30 10.54 6.1-14.3 40.39 11.2-55.0
35 7.85 3.5-11.7 34.29 7.2-46.6
40 4.64 0.0-8.3 28.13 6.1-38.0
45 22.38 1.0-32.2
50 12.45 0.0-21.3

Source : Berger (2001)
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Mean fatty acid content of refined palm oils.

Fatty acid Refined palm oil (%)
Palm oil Palm olein Palm stearin

12:0 0.2 0.3 0.2
14:0 1.1 1.1 1.3
16:0 44.2 40.9 56.9
16:1 0.1 0.1 0.1
18:0 4.4 4.2 4.9
18:1 39.0 41.5 29.1
18:2 10.6 11.6 7.2
18:3 0.2 0.2 0.1
20:0 0.2 0.1 0.2

Source : Berger (2001)
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Melting profile of cocoa butter by DSC.

Source : Undurraga et al., (2001)
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Parameter of cocoa butter and chocolate by DSC.

Sample Onset temperature T max Endset temperature
©0 o ¢ 0o
Cocoa butter 24.08 31.04 34.0
Chocolate 31.6 37.5 49.9

Source : Undurraga et al., (2001)
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- 1, 3- dipalmitoyl-2-oleoyl-glycerol (POP)

- 1, 3- distearoyl-2-oleoyl-glycerol (StOSt)
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1A sn-1-stearoyl-2-oleoyl-3-palmitoyl-glycerol
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Fatty acid (°C) and triglyceride (°C) composition of cocoa butter.

Shukla (1995) Van Malssen Chaiseri Van Malssen
Fatty acid et al., 1996  Triacylglycerol and Dimick et al., 1996
(1989)
14:0 (M) 0.1 0.00-0.26 PLP 0.7-1.2 0.6-1.5
16 : 0 (P) 23.7-25.5 20.0-23.8 POO 0.9-4.3 2.7-8.1
16 : 1 (Po) 0.3 0.1-0.4 PLS 2.8-3.9 1.6-3.6
17:0 0.2-0.3 0.00-0.4 POP 17.5-22.6 11.0-15.4
18 : 0 (St) 32.9-37.1 29.4-34.1 SsOO 2.8-7.3 3.6-10.9
18:1(0) 33.2-37.4 29.4-34.7 StLSt 1.7-3.7 1.0-2.3
18:2(L) 2.6-4.0 2.2-3.7 POSt 35.8-41.4 29.9-37.8
18 : 3 (Li) 0.2 0.1-0.3 StOSt 22.8-31.1 20.2-27.4
20:0(A) 0.8-1.1 StOA 0.4-0.8 1.1-1.9
POA 0.9-1.3
StOL 0.4-2.4

Source : Adapted from Malssen et al. (1996); Shukla (1995); Chaiseri and Dimick
(1989)
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Typical triglyceride composition (%area) of cocoa butter.

Country of origin Samoa Ivory Coast Ecuador  Malaysia Ghana Nigeria Bahia
POL 0.8 0.6 0.7 0.6 0.6 0.8 1.1
PPL 1.6 1.9 1.9 1.5 1.9 1.9 1.7
000 0.2 0.8 0.8 0.8 0.5 0.4 0.9
SOL 0.5 0.9 0.8 0.7 0.4 0.8 1.0
POO 22 44 3.5 2.7 2.6 3.2 5.5
PSL 2.8 3.6 2.8 2.8 3.2 3.4 3.4
PPO 16.4 159 15.3 13.8 152 14.8 14.0

SOO, PPP 3.7 6.0 4.8 3.8 4.5 5.1 8.4
SSL 2.1 1.8 1.5 2.0 2.1 1.9 2.1
PSO 38.3 36.6 36.3 36.6 37.3 374 34.6
SSO 26.8 23.8 26.9 28.4 26.8 26.4 23.7
SSP 0.7 0.8 0.9 1.0 1.3 0.4 0.2

Source : Lipp and Anklam (1998)

M3 1As1zH lasnawe 15a lume InIauselulviud 199 Tagiia ldagiinas
Ingzrdenies lamesesuuganialasunInnii (HPLC) Chong tazans
(1992) MM uATeH lasndie lsaveanealnlddis HPLC wunlasndelsd

nanluueInldae POS SOS taz POP aud1dy aauaadluning 2
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Triglyceride profile of cocoa butter by HPLC.
Source : Chong et al., (1992)
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AATIU 40 : 60 NDU (A) Llazial (B) ‘]J;]ﬂﬁﬁﬂﬂi?ﬂ!@ﬁl‘ﬂﬂiiwm%u P Ao
.. . A . ) = A a (11 o A 2
palmitic acid, O A® oleic acid L!ﬁgﬂﬂﬂ@jﬂﬂi%ﬂﬂqﬁiﬂm%’ﬂﬁ TIANNUUU
Triglyceride profile of palm stearin : palm kernel olein blends at 40:60 ratio
befor (A) and after (B) transesterification. P, palmitic acid ; O, oleic acid.
and arrows indicate triglycerides whose concentration increased.

Source : Lai et al., (1998)
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Composition of various fractions of interesterified palm olein obtained by

hexane and acetone fractionation procedures.

Fraction Yield Glyceride distribution (% wt, calc.)
(% wt) Diglycerides S3 S2U SuU2 U3
F1(A) 22.1 32.1 94.5 11.0 1.9 14
F2(A) 26.0 2.0 5.5 58.1 5.7 2.2
F3(A) 51.9 65.9 - 309 924 964

*S = saturated and U = unsaturated

Source : Chong et al., (1992)
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Melting profile of fat fractions F2(A) and cocoa butter.

Source : Chong et al., (1992)
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Pattern of triglyceride from interesterification of hydrogenated cottonseed

oil (HOS) with olive oil by Lipozyme.

Triglyceride of  Triglyceride of
Mixture of triglycerides

HCS oil olive oil
PPS OOL LPL POP OOL PPP
PSS POL LSL 0SO POL SSL
SSS 000 PPL POS 000 PPS
OPO PSL SOS SOL PSS
0SO OPO SSS

Source : Chang et al., (1990)

a 4 A % 1< A d'o (% A 9
nmIngua lunIzuIUMIBUATEAMes s T udanddy ielviwa
aAanaa A (A = J a A 2 g = J
youlfnsodiSinavedlaindwelsasia Pos wniiga suilulasndirelsa

9 d! c!y 1 c&' c!' Aaan =
Glumfliﬂiﬂ C])'\‘iﬂﬁ‘VIﬂﬂEN‘L!‘W‘U’JﬁZﬂz!,’mTVIMNWﬁ’lITI?IQ"llE]\‘]‘]JQﬂﬁEﬂ A 1371 4

a =

o an ~ o = Y I 1T @
G]ﬂIiJ\i Llﬁgﬂaﬂiﬂ1%$ﬂﬁﬁllﬂﬁﬂmﬁ1 20 G]ﬂIiJ\i INNINAN 5 LL’ET@NTHLWUTIE]G]?T

Y v
v o 0 [

druvee HCS fu wtuuznen Adadiu 1:1 1WdSua'lasndwelsawila POS

Y v

ganiga dniuiunldvnannzasnanmananenlasldozglauludadiuse

o :’ ) a < d‘ a 9 =~
lugiu 1:10 GhwinTaed3ines) inufiguugiiiestlszunm 25 seruwaidod U

U

H
= a =

@ o 1 <3 o
12 6])"3111\1 NIOURINAZNDUUIFTIUHNAUNUNYUVNN 4 DIAUBALKIT UTU 4 GIf'JI?JQ

q U

=

o & o v oA 4 I & v A v A o
u”Iu”mLmWﬂSEN!,LEJﬂ’sT’m‘VIL‘]Juﬂﬂl.l."lNﬂ\ima’Jﬂﬂ lIl*”lliJ‘L!‘i/Im‘nﬂ!ﬁuEJTﬂTﬂ (CBL) IUDUN
A S Y A ' v Y = S o '
WA HRIYATDI HPLC wmw"hmumﬂul,mUauaiﬂiﬂnllmﬂawa”lmmﬂag 2

¥iiafo POS tay SOS luisuadesay 23 uay 28 awdwy aauaaluninn 6



18

s lyduwdeusuuueTnldidsuia sos geni1lwueInTAval

araeumalIganItueInIn Av 39 ez 36 o usaFed Aa 1AL

BO-p-
] k- HCS: Dlive = 1:1

- HOS:Olive - 211
o HCS:0lweE = 0.5:1

POS {ug)

,_I,s:_ :

f

!

i

!

!

'
Ly
idp

1@ llﬁ an 25
TIME [HOURS)

v Y [
AN 5 9A518IUYN HCS aotiiuuznantazna iz aud s unsnan

lasnae lsawiia POS

Determination of optimum reaction time for producing POS.

Source : Chang et al., (1990)
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Typical triglyceride of cocoa butter (a) and cocoa butter-like fat (b) by
HPLC.

Source : Chang et al., (1990)
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Melting point of palm stearin and palm stearin : coconut oil after

interesterification.
Reaction time Melting point (C)

(hr) PS PS:CO(7:3) PS:CO(1:1) PS:CO@B:7)
0 52 45 42 40

0.5 52 45 42 36

1.0 51 45 40 35

3.0 50 43 40 32

6.0 49 42 37 31

Source : Ghazali et al., (1995)
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Triglyceride composition of POMF CB and CBE produced by

interesterification.
Triglyceride (%)
Sample oil
POP POS SOS Other TGs DGs
POMF 74.3 14.3 2.0 9.4 -
CB 23.4 42.8 27.5 3.6 2.7
CBE 234 38.5 20.2 8.2 9.7

Source : Undurraga et al., (2001)
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Melting profile of POMF.

Source : Undurraga et al., (2001)
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Melting profile of cocoa butter.

Source : Undurraga et al., (2001)
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Heat Flow [Wig]
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Melting profile of CBE from POMF esterified.

Source : Undurraga et al., (2001)
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Triglyceride and sn-2 fatty acid composition of CB, BT, RT and SL.
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Triglyceride SN -2 Position
Fatty acid
CB BT RT SL CB BT RT SL
Cl14:0 ND 24" 7.6 2.6" ND 53" 5.8 2.1°
C16:0 17.6° 202" 266 13.7° 1.6 117" 1415 8.0
Cl16:1 1.5° 2.9% 6.0" 2.2% 1.3° 1.9° 32° 5.1°
C18:0 40.6° 18.3° 13.5" 38.5° 47 106°  11.9° 237
C18:1 32.6' 48.0° 41.1° 29.6' 83.5" 622" 455 392°
C18:2 2.8 472" 2.8 74° 5.3 41 11.2° 93"
C18:3 48" 4.0 23" 6.0 3.6° 47 8.3" 12.6"

a—

ND, not detected

Source : Osborn and Akoh (2002)
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Source : Osborn and Akoh (2002)

Melting profile of CB, BT, RT and SL.
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Patterns and some properties of crystalline in cocoa butter.

Pattern of Temperature Stable Density
crystalline °c.

Bz 17.3 Non stable Low

0 233 Non stable

o +P 25.5 -

B' 27.3 Semi stable

B 33.8 Stable v

B 36.3 Stable High

Source : Lawler and Dimick (1998)
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Type and ingredient of chocolate product (percentage).

Ingredients
Type of chocolate
Sugar  Cocoa butter Milk powder Cocoa mass Lecithin + vanilla
Milk chocolate 50.0 21.0 16.5 12.0 0.5

Dark chocolate

- sweet
- semi sweet 48.0 9.7 1.7 40.0 0.6
- bitter

white chocolate 50.9 27.6 20.9 - 0.4

Source : @3 WA (2538)
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M13190 14 gasvon Inuaa luldunmazdon Tnuaauusiauns (smaniudesas)

Formulation of dark and milk chocolate bar (percentage).

Dark chocolate Milk chocolate
Ingredients

1 2 3 1 2 3
Sugar 60.0 50.4 29.9 54.6 51.0 45.0
Cocoa butter 23.8 14.2 - 21.0 21.6 22.6
Milk powder - - - 13.0 15.0 20.0
Cocoa mass 15.0 35.0 70.0 11.0 12.0 12.0

Lecithin 0.3 0.3 - 0.3 0.3 0.3

Vanilla 0.9 0.1 0.1 0.1 0.1 0.1

Source : Zoumas and Smullen (1998)

A < 1 1 < a A a 9
ANTNN 15 ’qmi615@ﬂTﬂuaGl11111ﬁuulla$%@ﬂiﬂuaﬁuu%uﬂmaau (ﬂiﬂJWmiE]EJaz)

Formulation of dark and milk chocolate coating (percentage).

Dark chocolate Milk chocolate
Ingredients

1 2 1 2
Sugar 47.6 47.6 46.0 45.0
Cocoa butter 14.0 22.0 16.0 20.0
Milk powder - - 23.6 23.6
Cocoa mass 38.0 30.0 14.0 12.0

Lecithin 0.4 0.4 0.4 0.4

Source : Lee and Jackson (1973)



32

U

da o

7. guanlianavestenlnuan

<3 = J A g Y 1 g 1 . ~ 1

Fon Inuaniontlszneuiu ludunavegilluaiu continuous phase 1NBIFIU
= @ osj v R 1 o w 1 < [
Pegaiu lviudaiudndidyaeomsnasuialvesdon Intaavazsuilsenu
4 va 1 3 = a
iesnnguantdauvesdonlnuanio dwnsovasuazale ldnguugives
1 1 a o d 1 @
FTuMoLaIzAoInsgluesndadusiog lanousulsemu uennInMsHasua)

< A 1 [ H
uar¥enlauanszdealinaaniinnieaauaadlua1sian 16 Lees and Jackson

qQ

T
) 9

1 o a g (% ~
(1973) Llﬁ$ﬂ1ﬂ31n1"iﬁﬂﬂ!Wﬂﬂgiffllfﬁﬁi‘ﬂgl‘%}wa@]%ﬂﬂiﬂllﬁﬁﬂﬂllﬁﬂﬁiu@WiN‘ﬂ 17

H a <
M3 16 319MIUziugunIMUIFn Intas

Check list for evaluation of chocolate.

Property Desired quality

Color Even, rich

Surface appearance Smooth, lack of bloom spots

Texture Smooth, no detectable grittiness

Break Good snap

Flavor Pleasant, good chocolate taste, no off flavor
Aroma Strong cocoa aroma

Source : Lees and Jackson (1973)
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Viscosity range of chocolate for differance using.

Using of chocolate Viscosity by blookfiled (P)
Bar 44-59
Hollow founding 29-35
Dip or coating 32-50
Hard coating 13-32
Cookie coating 12-18
Chips and drops > 80

Source : @3 ¥oIa3 (2540)
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