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2-monounsaturateddisaturated triglyceride 'ﬁ'lﬁ'ﬁﬁuﬁﬁmqmﬂmwmnﬁmms (Khumolo et al.,
2002; MacKenzie and Stevenson, 2000; Zainal and Yusoff , 1999)
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Table 9 Melting point, iodine value, free fatty acid and saponification value of cocoa
butter, palm oil blend and modified palm oils
Physical and Cocoa butter Palm oil blend Modified palm
Chemical oil
properties*
Melting point 35-39 8- 10 (PO), 50-55(PS) 37-39
(‘o)
lodine value 40.23 £ 0.20 43.87 T 0.65 44.89 0,84
Free fatty acid 1.15%0.10 294 * 0.11 9.75 X 0.41

(% as palmitic
acid}
Saponification  190.72 + 0.58 196.78 * 0.89 193.19 * 0.78

value
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Note * means = standard deviation from duplication (3 determinations on each of

replication)
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Figure 8 Solid fat content of cocoa butter, palm oil blend and modified fat during melting

temperature at 0-65 "c
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Table 10 Chemical properties of modified fat tempering at 4°C and 10°C for 0 24 36
48 and 60 hour

Treatment* Chemical properties

Free fatty acid lodine value

Saponification value

(% as palmitic acid)

1 10.05° **£ 0.08 44.85" £ 0.11" 192.99° =+ 1.00
2 10.74° +0.35 45.00° £ 0.20 193.41° £ 0.74
3 10.79° £ 0.32° 4501° % 0.10 193.42° +0.56
4 10.71° £ 0.40 44.99" X 0.17 193.21° X 0.47
5 10.82°+0.23 44.88" 1 0.20 192.77"  0.46
6 10.77° + 0.31 44.83°+0.13 193.32* £ 0.54
7 10.75° £ 0.38 4479"+0.16 193.54" £ 0.80
8 10.79" + 0.28 4467" £ 0.13 193.48" £ 0.57
9 10.79° +0.29 44.66"+0.16 193.44° £ 0.53
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36, 48 uaz 60 Y., AWAWY: 6-9) WnAaudsanwand 10 %y Hunan 24,
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Note: * 1) modified fat before tempering. 2-3) modified fat tempering at 4 °C for 24, 36,
48 and 60 h.. respectively.. 6-9) modified fat tempering at 10 °C for 24, 36, 48
and 60 h., respectively.

** Valnes with the same letter in the same column are not significantly different

(P>0.05)
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Figure 9 Melting profile of cocoa butter (1) and cocoa butter substitute (2)
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Figure 10 Solid Fat Content of cocoa butter {CB) and cocoa butter substitute (CBS)

during melting temperature at 20-35 ‘c
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Table 11  Melting point, iodine value, free fatty acid and saponification value of cocoa

butter and cocoa butter substitute

Properties Cocoa butter Cocoa butter substitute
Melting point (°C) 35-38 37-40
lodine value 4023+ 020° * 4489111
Free fatty acid (% as palmitic 135 £0.12° 9.87 £0.39°
acid)
Saponification value 190.72 T 0.58° 192.02 £2.24”"
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o _ o e

** ddnunmiioufuluaaudiferdu lulinnuuanduedieihivddgmaad
(P>0.05)
Note * means T standard deviation from triplication (3 determinations on each of
replications)

** Values with the same letter in the same column are not significantly different

(P>0.05)
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Figure 11 Melting profile various mixture of CB to CBS:1)100:0, 2)80:20, 3) 60 : 40,
4)40:60, 5)20:80 and6) 0:100
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Table 12 Free fatty acid , jodine value and saponification value of various mixture of CB

to CBS ratios

Chemical properties

CB : CBE (%) Free fatty acid lIodine value Saponification value

(% as palmitic acid)

100 : 0 1.30"*+0.10 40.53°+0.15” 190.75° + 0.74
80:20 2.71°%0.11 45.48° + 0.60 193.16° + 1.02
60 : 40 502+ 0.01 46.76" + 0.91 193.50° + 0.34
40 : 60 7.51°+0.07 46.93" + 1.84 193.36" + 1.09
20: 80 9.65" 0.1 47.66" + 0.81 193.98" ¥ 0.96
0:100 11.36" £ 0.09 48.66" 1 1.10 193.52° +0.56
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replication)
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*° Values with the same letter in the same column are not significantly

different (P>0.05)
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AN 13 eutianemissmessFenTnuanfild CB waw CBS Tusasidaudneg

Table 13 Physical properties of chocolate produced from CB and CBS at various ratio

Treatment Physical properties
CB : CBS (%) Melting point ('C)  Whiteness Index (%) Hardness (g)
100: 0 34-35 18.94 % 0.15 1347.26 “+28.73
20: 80 32-33 19.10"+0.18 509.68 "+12.21
0:100 35-36 19.28 "+0.14 386.89°136.58

o [ 3 o 1 ] 1 LU YY) e
wneme -+ dasnusmilouiuluaauideriy lifinuuenaeduiivdwaneass
(P>0.05)
1 3 a v oA o o °y n’j
msnaaimmmmummgm IINNITUATIEN 2 A998 3 AT
Note: * Values with the same letter in the same column are not significantly different
(P>0.05)
' means * standard deviation from duplication (3 determinations on each of

replication)
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Figure 14 Spider plot of sensory scores of chocolate and CBS chocolate as evaluated by
Quantitative Descriptive Analysis (QDA)
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Note ' Values with the same letters in the same attribute are not significantly different
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Table 14 Melting point (DC), whiteness index and hardness of chocolate with 100% CB
(A) and the mixture of CB and CBS (20:80) (B) during storage at room

temperature for 12 weeks

Storage Melting point (OC) Whiteness index Hardness
time B A B A B
(weeks)
0 338 35.8 1892%%  1896** 134838  509.68°"
2 33.2 36.9 18.96 " 1911 1347.83*  509.32°
4 335 35.9 1917 2037"% 134671 508.33°
6 34.3 36.5 19.76 ** 21.43°" 134594 508.32%°
8 35.3 36.2 19.98 ™* 2239% 134414 507.99*°
10 34.8 35.8 21.43“* 23.94%"  134395**  505.56~"
12 33.9 35.9 22.15 2517 1342.84*  503.65°°
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Note * The first and second superscripts indicate the significant differences of means

among storage time and treatment, respectively (P>0.05)
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Table 15 Fat bloom score of chocolate with 100% CB and CB:CBS (20:80) during

storage at room temperature for 12 weeks

Treatment Time (weeks)
0 2 4 6 8 10 12
CB 100 % 40100 40%00 40t00 34105 30+00 3.0+00 20%00

CBCBS (2080) 40100 40300  3.6%05 30100 231035 20100 1.0F00

Hueme: * Aunde T audeauuuinsgiu

note: * means - standard deviation



57

- ' o o o ]
ninmsnaaouny lanvenlnuaaldue Inididioudesay 80 sxRathaiegs
=1 = aﬂy [ o A g a o ¢ A = ar = F
s woazfaflvdusesauysadaiuiny e 12 dled drasufugen 19
& od = o @ o a ar
melnlAdevaz 100 ddenTnuaai ldamnsofiuldumlszna 10 e laodus Tnagels
a o [ o 4 =y g o o = 9
nsvaNSUHARN MW LﬁaamnqmwQ:umsmnsﬂywaﬂinuaﬂqaﬂs:mm 30 BIAUAITYE
Wluifuuednufsmamasumaidasudiuszi i plndnvoans Tn 18 dou Teglugy
] - 9 = A o . . =) a LT o L
TuaBusudszidanisiadende (fat migration) weguinuEImihren tnuaai v (fat
= Y o
bloom) UHAIMUEN INLan
- [ Y I~ 1 g w
4.2.2 malszdivandamadszamduiauosdon InuanserientsHuS YT
o - Qe @ o -1 i
nimsdszdiuauianiedscamdudavoston Inuand ldusin1dZonas
o [} a g  ar 3 Y
100 unzfrotlnaunuaniua Inlfmondssas 80 NuSnyIAgunniiies (<30 o) 1um
Qs o o4 o ] v o o 9
12 dlanilavfumeinumansunng 2 dlat laomsilszdbues 1¥nsmaaeunuy QDA
P o P 1 ¥ o N = ¥
FINAMSANIWAAINT 1599 16 9IAMITNARBINL I BzozAIN ISR Uy IR AL S e
o [ ar 4 =y
¥onInuanvzlinnuuanmiaiu (P<0.05) uazyaildiuelnlAifounaunuiovas 80 Az
- o At o ' a ' _y ¥ 'Y £ 1 o=
imavvesd¥onlnuanssiimifoounsetnsiadinigandiueIn1f¥esas 100 ety

ldszaeandosfuiimainduin @i 14)  TaoganidiueTnTAifoihidmasmg

o o a

dy 4 v = as 4 . ad a = i
Prudsdwmaliven lnuaniifsouasluddania 6 vuziFonlnuanindavinuoInld veil

v

I [y Qr '

1 w '4 = a Y 1 = o o oA < 9
ﬂ'J']llllﬂﬂﬂ'lﬂ,u 8 " amuunuRI8u195uAU ff’auﬂﬁuafaﬂimmmmzﬂauHumullﬂ

+

a o

' d o 2 4 .auw d 4 a4 o 4 4 aaa
'mzummmsmmnmmmum“lﬂnauamﬂ'Iﬂuaﬂaﬂawmzwnauﬁummumaw1n1Jgnsm
o [ o Y lq' Y o = o -ow o
o0 lnoendasuvonsa fuurin lisudfiiluesfisenovveslasndwe 1ss Tnonsasost
d' ﬂy L -] or é o 1 i
fldninnszuaunsildun Alan sadled Femslseneudendieziiuaisiszme gl
a o = = o a3~ ar o o Aet o 9/
nausandalnaunndasuyini luiutluesdtszaey Fonlnuaansdiunauvaausinld
=1 = vy o d 6‘: o ] = 1
Wosdiinaurugeniivenlnuanvinme InlfuasFen Tnuanisgesieteiinuuandave
a q. =1 [ o - o u’: ar [} -
nduunaznduyenlnuanludlaii 6 uaz® 8 awdsy venvimiugiedienls

¥ a 9 Y A a o 9 vy a A
welnldmsunaunudovas 80 w‘lﬂﬂzuuumawmﬂawanTmmﬂuﬂmmmuﬂauﬂuqa

»
a A =5

- ] u’: i PSR w o
nirenTnuaniiliueIn1f visliesnnue InTdifenilfreiivfinunsaluiudaszqeds
o o " e o o o o -
9.87 TuvazhmeInTAlinuies 135 minfu @i 1) seid%enlnuanafinansin
9 = o a - = a A W s g 5 ¥ o
e lnlfouii TemmssnomAanauiu 1850 denTnuandosas 100 Tuduanuiswes
< VA ¥y o 1o a o ¥ ¥ a
von InuaanyhiwionninueInTlinnuudagenndon TnuanfiwIon 1 8e e TnTRifoy
: 5w 5 v [ ' c:’ = i =1
woziiteszoza lumsiAusnunnuludimalidediareadasunumisvesn s anas
1 o 1 a 3 & 2 o ar o ) P 3/
oz uanAnNAleuAudemaiuTnu iy 8 §uani (P<0.01) (HOI9INGUNYIN ¥

g s -1 o ar ] =
TumsushudenTnuan Wszwnm 30 ssrurades) o1y lvSuusdudenisvan



58

] 3 < ] ' & < J a -4
'E’NNﬁ’11'1ﬂ']"lllll‘llﬂ'llﬂ\‘l‘}fﬂﬂiﬂllﬁﬁﬂﬂﬁq llf‘lzu.lﬂlﬂ'ﬂl“ﬂuixﬂﬁnﬁ'I'Ll']u‘llu‘l’l'ﬂﬁﬂ'ﬁﬂﬁﬂﬂﬂﬂﬂ
U 4; o ¥d = o at o o - o
'l‘!lllutﬂﬂll']ﬂ'ﬂuﬂ'l‘lﬂ‘]ffJﬂiﬂHﬁﬁiJﬂTnJll‘l}\‘lﬂﬂﬁ@ﬂ?ﬂ ﬁ‘]ﬂ‘i'l.lﬂ'liHﬂﬂu1uﬂ1ﬂﬂ315nlﬂuﬂ]1ﬂ

' A a3 a tg o «
L!ﬂﬂ@'l'lQlnai302’)l'Jﬂ'Iﬂ’l'iEﬂU'iﬂB']L‘Wﬂ‘llul'ﬂu 10 ﬁ‘ljﬂ'ﬂ“i (P<0.05)



e ne o n L e G B

§ { [ LYY { g a o a
MInNh 16 azuuumdsvesgudnvazmalszrmdudavesdon TnuaniiliueIn18%euns 100 wiolnidifiondevas 80 nusnufigungives

(~30°C) Hhuar 12 §uand

Table 16 ~ Mean score of sensory properties of chocolate and CBS chocolate during storage time at room temperature (~30 °C) for 12 weeks
Storage Color Chocolate odour Rancid odour Hardness
Melting in mouth
time
(weeks) A B A B A B A B A B
0 8.6* 8.4™ 74> 57 1.6 3.5%F g.3™ 54" 54~ 7.3
2 8.4* 8.3* 7.5 56" 1.5% 3.5 8.3** 5.4*° 5.4 7.2*F
4 8.1 7.9 7.2 53*° 1.6** 4.0%° 8.0 52°" 5.5 70"
6 7.8 7.4 6.5 4.9 2.3 43" 7.7 5.0"° 5.3 70"
8 7.4 6.5 “* 6.2°" 48" 2.7% 45" 7.5%* 47" 48" 6.8""
10 6.9°* 6.22°* 6.0 47" 3.0 4.8™"° 7.2 4.6 4.6 6.7""
12 6.2 5.7% 5.8 46" 325 50°° 6.8 ™" 42" 4.4™ 6.6"
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Note *

The first and second superscripts indicate the significant differences of means among storage time and treatment, respectively {P>0.05)
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