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Abstract

The effect of addition of fractionated milk fats on the composition and melting behavior of cocoa butter was
investigated. High melting fraction (HMF) of milk fat fractions had the highest contents of long chain fatty
acid (C16~C18) and saturated fatty acid followed by medium melting fraction 1 (MMF1), medium melting
fraction 2 (MMF2), anhydrous milk fat (AMF), and low melting fraction (LMF) in a decreasing order. MMF2
had the highest contents of the short chain fatty acid (C4~C10) and medium chain fatty acid (C12~C14) fol-
lowed by AMF, HMF, MMF1, and LMF in a decreasing order. When the fractionated milk fats were added
to cocoa butter, the long chain fatty acid contents increased with increasing the ratio of fractionated milk fats.
The saturated fatty acid contents decreased only when the LMF was added. The higher content of long chain
triglyceride and the lower contents of short chain triglyceride and medium chain triglyceride were obtained
from the fractionated milk fat of higher melting point. When the fractionated milk fats were added to cocoa
butter, long chain triglyceride contents decreased with increasing the ratio of the fractionated milk fats. The
melting points of cocoa butter, AMF, HMF, MMF1, MMF2, LMF were 33.3°C, 31.2°C, 40.6°C, 37.4°C, 33.5°C,
and 6.5°C, respectively. Cocoa butter had the highest content of solid fat followed by HMF, MMF1, MMF2,
AMF, and LMF in a decreasing order. When the fractionated milk fat was added to cocoa butter at various
temperatures, the solid fat content in the mixture of fractionated milk fat and cocoa butter decreased with in-
creasing the ratio of fractionated milk fat. This results suggested that anhydrous milk fat and fractionated milk
fats had a good compatibility with cocoa butter.
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Table 1. Physico-chemical properties of cocoa butter,
milk fat, and fractionated milk fats

Acid Peroxide lodine Melting

Samples value value value point
(mg KOH/g) (meqkg) (/100 )  (C)

AMF" 0.51 3.03 330 212
LMF? 1.33 339 433 6.5
MMF2” 045 253 313 335
MMF1? 0.39 211 26.2 374
HMF’ 0.34 1.34 222 40.6
CB® 0.6 0.80 35.1 33.3

YAMF: Anhydrous milk fat.

PLMF: Low melting fration of milk fat.
*MMEF2: Medium melting fration 2 of milk fat.
“MMF1: Medium melting fration 1 of milk fat.
“HMF: High melting fration of milk fat.

9CB: Cocoa butter.
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Table 2. Fatty acid composition of cocoa butter, milk
fat, and milk fat fractions

Fatty acid CB AMF? HMF® MMF1® MMF2® LMFY

C6 154 1.40 1.71 183 084
C8 - 111 097 092 127  0.63
C10 - 269 219 1.87 280 1.64
C10:1 - 026 016 019 030 013
C12 004 322 280 250 341 2.30
C12:1 - - 0.13 013 018 -

C14 011 1028 059 993 1086 7.22
Cl14:1 - 1.67 1.10 1.29 1.58 1.61
C15 - 094 032 095 097 0.70
C15:1 - 0.31 - 031 032 030
C16 2544 2922 3735 3405 3074 21.29
C16:1 - 2.40 1.72 1.95 2.25 2.69
C17 - 054 079 073 059 . 0.60
C17:1 - 036 023 028 033 0.43
C18 36.65 12.86 1874 17.00 1347 1048

C18:1 33.17 27.93 1747 2250 2458 4094
C18:2 288 3.11 1.87 218 281 4.86
C18:3 018 009 011 020 019 -

C20 1.14 019 028 029 013 031
C20:1 - 0.83 056 089 076 1.44

"CB: Cocoa butter.

“AMF: Anhydrous milk fat.

YHMF: High melting fraction.
“MMF1: Medium melting fraction 1.
“MMF2: Medium melting fraction 2.
OLMF: Low melting fraction.
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Fig. 1. Distribution of fatty acid compesition in cocoa
butter, milk fat, and fractionated milk fats. CB=cocoa
butter, AMF=anhydrous milk fat, HMF=high melting frac-
tion, MMF1=medium melting fraction 1, MMF2=medium
melting fraction 2, LMF =low melting fraction. B: short
chain fatty acid (C4~C10), §: medium chain fatty acid (C
12~C14), B: long chain fatty acid (C16~C18), [I: sa-
turated fatty acid, B: unsaturated fatty acid.
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Fig. 2. Changes of long chain fatty acid content in the
mixture of fractionated milk fats and cocoa butter.
@®—®: anhydrous milk fat, C—{1: high melting fraction,
A—A: medium melting fraction 1, A—A: medium melt-
ing fraction 2, M—M: low melting fraction.
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Fig. 3. Changes of short chain fatty acid content in
the mixture of fractionated milk fats and cocoa butter.
@—@: anhydrous milk fat, T—{J: high melting fraction,
A—A: medium melting fraction 1, A—A\: medium melt-
ing fraction 2, M—M: low melting fraction.
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Fig. 4. Changes of medium chain fatty acid content in
the mixture of fractionated milk fats and cocoa butter.
©®—®: anhydrous milk fat, C—{1: high melting fraction,
A—A: medium melting fraction 1, A—A\: medium melt-
ing fraction 2, B—M: low melting fraction.
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Fig. 5. Changes of saturated fatty acid content in the
mixture of fractionated milk fats and cocoa butter.
@®—@®: anhydrous milk fat, CH{1: high melting fraction,
A—A: medium melting fraction 1, A—A: medium melt-
ing fraction 2, —@: low melting fraction.

40
My

ol We], ¥4 FAM}, 24 Y, FE3

A E2 9 A Hio] AR 24
¢t A 7= Table 3o Vehlisich 4219 2 &
¥, 2o} WE]S] AR} 2A1-E Sonntag?)
Dol whel F whAT)} 26004 340742 2§
AF AR, F shagr) 36004 4671 F
3 AN 9 4804 5471x18) gAY
ZAuke 2 F73ld Fig 60l vehiich £
538 A i AR 2AF A
Bke 34.47~46.45% WY ollA] TEA
1> 354 482> 75 #24> A
4 AR Aaslgde, S
AHF FAAYL 27t 48.91~53.10%,
240% W9 AF FAA g w2 §3
R 4zt 42 Zobetsdet. 230} HE
AF A 99.57% ZA skt 743 B
A AF S ke Arsla 25 F
Az 2 33 FAAAE FE T S5 HE ],
53 R0 T4 X SR 2435
fAksHAl e}, =3 2ukE 24 S AR
ko] AF A kAt gheko] br) wEol HF AR
ulo] ghafo] M A helnd 71 07 of AR,

B Ay Axz Ryod Jgo pgH PR ¢
Aol & 71 3F TR ko] E7] o Fol

A |

D L o et fr
2 o @l 1o oF
lo oy 2 % ofy
NS ok
oz 2
o

N
o

514
v
Y

2 g

N

oo fo g o b o
03., oL o‘m
= o,

N

o

et
(o= HE

w
—_

I &
fr = o

o



AW g AL F3e} wEle] A 2 4§71F 487

2ho A av S5 "1 2 35
2 F5 A AL et Ao 2 dol A
A eprot Ahake] Ff-el ﬂ Z s e
oAl oleld AL A T4 At F
AR Agte] o2 %ﬂiﬁ} chekatr] wi gl AL

Table 3. Triglyceride composition of cocoa butter, milk
fat, and milk fat fractions

Triglyceride CB" AMF? HMF” MMF1® MMF2” LMF®

C28 - - 024 057 053 100
C30 - 106 046 1.05 093 179
C32 - 207 105 214 1.85 325
C34 - 456 288 4.28 450 636
C36 - 889 809 9.73 937 9.56
C38 - 1260 1018 1215 1214 14.08
C40 - 1072 798 985 1049 1225
C42 - 688 681 6.56 701 656
C44 - 623 738 6.06 637 533
C46 - 672 849 6.63 689 532
C48 - 810 1068 8.0 855 593

Cs50 17.31 1222 1557 1330 13.02 8.50
C52 4507 12.19 1378 1295 1241 1236
Cs54 3543 720 642 620 596 768
C56 1.79 - - - - -

PCB: Cocoa butter.

2AMF: Anhydrous milk fat.

“HMF: High melting fraction.
“MMF1: Medium melting fraction 1.
"MMF2: Medium melting fraction 2.
®LMF: Low melting fraction.
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Fig. 6. Distribution of triglyceride composition in cocoa
butter, milk fat, and fractionated milk fats. CB=cocoa
butter, AMF=anhydrous milk fat, HMF=high melting frac-
tion, MMFl=medium melting fraction 1, MMF2=medium
melting fraction 2, LMF=low melting fraction. M: short
chain triglyceride (C26~C34), O: medium chain triglyceride
(C36~C46), 7: long chain triglyceride (C48~C56).
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@—@: anhydrous milk fat, C{3: high melting fraction,
A—A: medium melting fraction 1, A—A: medium melt-
ing fraction 2, —: low melting fraction.



488 G2 EHe) A 29 A 35 (1997)

o

2 244 Yool wsle] 2F AL A
Hag dorln AF FAANYE 343 2H7le
Aoz grEch el 34 2E1, F44 Y2,
W R S T4 SR 93 ulgel vlRs
3] AL Ao A7,

16

-
-] N
T T

Medium chain trigyceride (%)
-9
T

1 1 1 i 1 |

0 5 10 16 20 25 30 35
Fractionated milk fats (%)
L 1 1 ! 1 1 1 |

100 95 90 85 80 75 70 65
Coccoa butter (%)

Fig. 8. Changes of medium chain triglyceride content
in the mixture of fractionated milk fats and cocoa butt-
er. @—@: anhydrous milk fat, C—{7: high melting frac-
tion, A—aA: medium melting fraction 1, A—A: medium
melting fraction 2, H—M: low melting fraction.

100

[ ©
o (3]

Long chain trigyceride (%)
[+
(3]

80 1 1 1 1 1
[} 5 10 15 20 25 30 35
Fractionated milk fats (%)
L 1 1 1 | 1 1 ]
100 85 90 85 80 75 70 65

Coccoa butter (%)

Fig. 9. Changes of short chain triglyceride content in
the mixture of fractionated milk fats and cocoa butter.
©@—@®: anhydrous milk fat, C—{1: high melting fraction,
A—A: medium melting fraction 1, A—A: medium melt-
ing fraction 2, —M: low melting fraction.
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Fig. 10. Solid fat content of cocoa butter, milk fat, and
fractionated milk fats at various temperatures. ®—®:
anhydrous milk fat, T—1: high melting fraction, A—A:
medium melting fraction 1, A—A: medium melting frac-
tion 2, M—M: low melting fraction.
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Fig. 11. Isothermal diagram in the mixture of anhy-
drous milk fat and cocoa butter. ®—@: 5°C, [1—{1:
10°C, H—M: 15°C, A—A: 20°C, A—A: 25°C, O—O:
30°C, —¢: 32.5°C.
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Fig. 12. Isothermal diagram in the mixture of low
melting fraction and cocoa butter. ®—@: 5°C, [—{1:
10°C, m—W: 15°C, A—A: 20°C, A—A: 25°C, O—C:
30°C, —4: 32.5°C.
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Fig. 13. Isothermal diagram in the mixture of medium
melting fraction 1 and cocoa butter. @—@®: 5°C, (—{1:
10°C, m—M: 15°C, A—A: 20°C, A—A: 25°C, O—O:
30°C, —¢: 32.5°C.
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Fig. 14. Isothermal diagram in the mixture of medium
melting fraction 2 and cocoa butter. ®—®: 5°C, —{1:
10°C, m—M: 15°C, A—A: 20°C, A—aA: 25°C, O—O:
30°C, &—@: 32.5°C.
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Fig. 15. Isothermal diagram in the mixture of high
melting fraction and cocoa butter. 8—@: 5°C, —1:
10°C, m—&: 15°C, A—A: 20°C, A—A: 25°C, Oo—0:
30°C, &—e: 32.5°C.

7} 30% A7l 2A ZHaE . wbdell 4
HEM = 15% A7 T fxake] wa=|g
o] et A FaENy, F54 P2 s
25%, 64 BE 2004E 30% FrHFelA =24 7
a¥e A By
2 A Ax A5A g8 Frleke Zolel wet
E3Hfe] wA R ko]l dEH O A4EE A
F& Hole AL A4H R Hx3 At ¥ A
4 SR A7l Fo)el wlet m30) wE
o 1A FAALE AHAA mARY ek
Gbe] A 7lE Astae Azl 24307 o &
ez éf——f% LE]' uh, 15%9 2§3H E, 25%
= 51, 30%2] 2§ g8 2, 787 30%
o] B FAut '47FrL°llH SLAA| k2] jheke) 17;!
= 7 A, g HE T3
32 AEH Aate] 2’7}"*4 F7 kel wet =
ot HEle] g FAAEL] AAE A A
Az e kg FA3 aEe Tgae] U
w7) doleh. w4 Hyel A e Hyw
of & Aol Fgtgo] ot AL A
ZIHL/\}.(—,_‘:LDI I3 X ulAbpE = g ZAJ A8t
o] Ao ¥7) wlEd ZAeg o)

2 o

A 22 Y7} 2o} E Aay %

70

60

50

S
[~

w
o

Solid fat (%)

8

-
[=]

0 ] ! I 1 1
0 5 10 15 20 25 30

Fractionated milk fats (%)

L I 1 1 1 1 J
100 95 90 85 B8O 75 70
Cocoa butter (%)

Fig. 16. Solid fat content in the mixture of 20% frac-
tionated milk fat and 80% cocoa butter at 25°C. @—@:
anhydrous milk fat , C—{1: high melting fraction, A—aA:
medium melting fraction 1, A—/\: medium melting frac-
tion 2, @—M: low melting fraction.
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