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Synthesis of Cocoa Butter Alternative from Coconut Oil Fraction and
Palm Oil Fractions by Lipase-Catalyzed Interesterification

Sang-Kyun Bae, Kyung-Su Lee, and Ki-Teak Lee

Dept. of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

Abstract

Structured lipid (SL) for cocoa butter alternative was synthesized by interesterification of coconut oil fraction
and palm stearin (6:4 and 8:2, by weight) in a shaking water bath at 60°C and 180 rpm. It was performed for
various reaction times (1, 2, 3, and 6 hr). The reaction was catalyzed by sn-1,3 specific Lipozyme TLIM
(immobilized lipase from Thermomyces lanuginosus). SL-solid part was obtained from acetone fractionation
at 0°C. SL-solid part was blended with other palm oils and fractions for desirable property of cocoa butter
alternative (SL-solid part : palm middle fraction : palm stearin solid : palm oil, 70.4:18.4:2.9:8.3, by weight). In
reversed—-phase HPLC analysis, triacylglycerol species of cocoa butter alternative had partition number of 40
(10.77%), 42 (13.06%), 44~46 (17.38%) and 48 (51.88%). Major fatty acids of cocoa butter alternative were
lauric acid (16.5%), myristic acid (12.28%), palmitic acid (46.03%), and linoleic acid (14.75%). Solid fat content
(SFC) and polymorphic form (B’ form) of cocoa butter alternative prepared were similar to those of commercial

cocoa butter replacer (CBR).
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o]F= F TAG 249 FE o]&EL} ol TAGE E9o]8&
2 SUS(saturated—unsaturated-saturated)©]HA] 33
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e HL Z3o WYY 7P & §H &
o] ZTH(1,2). ¥, FFol HE hAFA
cocoa butter replacer(CBR)2] 74 A&
WHALel elaidic acid2 FAE O Ao, F
2ke] Qe =T o2 AF cocoa butter substitutes(CBS)
Hr,}‘— ;do] "r"ro]'_’ H]JJ_;H ;q:—;(]tﬂ-)\l-gl 6]—\1]:0] \/LO_
lauric Al€9] Z o} WE hA|FA7} CBR A1&S 23}
3 Qo o] E2 TSt TAG £ L2 o] Hol AT
3ot HE S FAIG &§F F 22X w2 uHA FF
(solid fat content, SFC) F4S 712 7] wWjiol A FA=Z
ggo] 7}%3cH3). Liuet Chang(4) 2 Abigor(5)%}
Marner= Z 3o} HE tAlFAE ©E7] Y314 larde}
tristearine 712 &2 ¥F&-3}AY, A3e ) F72 palm oilS
1A= gt ~H 23 jbE 58 Y3, o] 99 o
°ohﬂF FAE 7AZ & A7V AP A

B A¥L2 coconut oil #Ef-(coconut oil solid part,
COS)9} palm stearin(PS)S ¥ 7|22 ALg3lo] Z o}
HE A FA (auricAl ] CBR)E &4} 3k} 7143k
9] interesterification= Lipozyme TLIM(immobilized li-
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pase from 7Thermomyces lanuginosus)S | 2 Al
Els commercial

FA3AI, S E o] &5 IS HA
CBR A E# 2ot frAHg £, 83843 54
Skod palm oil &2} blendingS 3t !
¥ FZFoF HE A FA S 2 24 eJJr A 5
FAZ IdHA YA B AHEHI ' 79 com-
mercial CBR A&7} v w3 oH, RP—HPLC% o] &3k
TAG ZAAEY, Atz B4 TAGS sn-2 position?]
A b 2843} differential scanning calorimetry(DSC)
0] 83} SFC, X-ray diffraction(XRD)& ©] &3 A4
Ao] F3 = At

43171 9
9 A

A=}

=
A3
Az

xS l‘li‘ r}m mlo :lOI'

Mro
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M=

2 A A ZFoF HE QAFAE THE7] 218t in-
teresterification®l] AF&& 7122 COS9} PSo| At} COSE=
AlS Al A 7P ZIY Y-S acetone 1:10(w/v)
o] Hl &2 EFstA 0°CollA &8st & 1A A Fi&
AL&3+ T B (palm oil, PO)9} &2 H) o} & (palm stearin,
PS)& SAHIncheon, Korea) 258 A && A& ALE319
o A FHE oLt FFH(palm middle fraction;
PMPF)E 539t PMFE 27] 93l POE acetoned}
1:49] RIB|E L°Coll A &5 & A4/ FES HsA
o] tHA] 0°CollA EF3te] AR FES 53 AS AL
833tk ¢, A FE PSE acetone?} 1:99] F-3ju] = 28°C

AA EZ3le] TAA] BES F53HD 0] PS EF 1A
Al (palm stearin solid, PSS)Z A3stAt. 52 PMFe}

PSSE o] % COS : PS(6:4, w/w)<e] 3A1%F interesterification
E39] blending®l|l AH&%F It} Interesterifi-
Ew| 2= Thermomyces lanuginoseZ %€
2= lipaseE 1243 A 7] Lipozyme TLIME ©o]-&3}% 3L
O]—‘E Novozymes A/S(Bagsvaerd, Denmark)2] #|&S A}

&3ttt Z3oF HEl S Aat 248 #4317 93t
/‘P%% pancreatic lipase(Type II, crude)= Sigma Chem-
ical Co.(St. Louis, MO, USA)o| A TH3tAT £ A3 A
Az A3t hAFA Y 54 v E et 79 AAL
ZRE =39 cocoa butter replacer(CBR) A E< o] &3}
At

30} HEf CHA|RX|(CBR) M=

714 FA Y 10%0] aFste a4E AMEst w2 )
Fom Wk LT = 60°CE X5+ shaking water bathol
A1 180 rppm9] =2 24417t Bt vES-EFTh Z 3ol HE
A F-2 Az Aol & 712(COSet PS)Y] #A 10 g2 7F
o 2 3 6:4(COS :PS)9} 8:29] FAHIEE ojw] Al&H
7188 &S B A3 9 F3E A AFoA doH Az
£ ugro g AAEYTHE). 64(COS :PS)Q HI& = 712 7

O‘H
Hhs = 2 g

cation ¥Hg £

B4 o179

A 2] 10%°] 3 =3}= Lipozyme TLIMZ ¥ 1L, 60°CE
o] A shaking water bathol| 4] batch?] 2. 180 rpm<]
2 Rk A WREAIZEE(, 2, 3, 6A1ZHE WL
o] reversed-phase high performance liquid chromatog-
raphy(RP-HPLC)E ©|&3F TAG ZAEAE F33Ath
Commercial product®}e] TAG £4& FAFHA ©57] 9
sted COS 1 PS(6:4)9] 3413 ¥H-g-&< THA] 0°Coll A =83t
of nAA B2 HeATh o] AHEE &vll= acetone
Z 71279 H= L10(w/v)olAtt o] F 59 A A &
FE 704%°] AA g5= PMFE 184%, PSSE 29%, 1
23l POZ 83%<] FABIZ blendingsdle] HFH oz 2 A
PollA Alzxd ol ME] WAFA(CBRIZE AHE-3HA AL, ©]

< commercial AFT 54 vln, 459

ﬂ JH =S
Ot

oE‘_‘

S

g F AR ¢ de FEAREE AAS ] Hte] &
RS FPEAT 2ARHLe 05 N KOH in 20%
ethanol(100 mL ethanol/ 400 mL H.0) §9-2 A3l S

™ Z|A]2Fo 2= 0.1% phenolphthalein(1 g/100 mL 95% eth-
anol) &9 218319tk WA n-hexane & & Al&-3t4
A E ZFol HE dAFAE Fola o]d HAE 3t
FrE AAEE vEslet A 40°C Wl o) 275 AHE-31
HlrstE F|AHARS Ao, —E—ﬂ% #5t
n-hexane(300 mL)< THA] AF&-3}al emulsiong A A3 7]
A&l 95% ethanol(150 mL)S ©]-&3F ). %‘%6] FA F
n-hexaned] =o} A+ FA= anhydrous sodium sulfate
(Junsei Chemical Co., Ltd,. Tokyo, Japan) columne®l] Z #
FE 2 ETES Ao, dAvtAE ALt &)

E AAT F &5 FATS 53U

o[Nl

RP-HPLC &4

TS Z3ot HE dARFA ] TAG 2AS golr7|
918t RP-HPLC #2415 3333 t) 44 A& 7]7]
+ Youglin SP930D dual pump(Young-Lin Instrument Co.,
Ltd., Anyang, Korea)oll ZAM 3000 evaporative light scat—
tering detector(ELSD, Young-Lin Instrument Co., Ltd.)&
Azslo] o] FojH ) ELSDY] 2% & 55°C, gas flowe= 1.7
mL/min® &2 283t Ny 7k2g 77} o] FolF o
™, column< ODS 4 pm(Nova-Pak C18, 150 x3.9 mm i.d.,
Waters, Milford, MA)E AF&-3t3 T o] 5732 7]&7] &0
Z acetonitrile¥} iso-propanol : hexane(2:1, v/v)<& A3}
Hom, 27| g Bl&L 80:20(v/v) L2 4587 &-2] Hl7}
54:46(v/v)°ol E=Z linearstAl EHF At} 54:46(v/v)<]
&8 HE 1583 FA% F, oAl & &8 w®7t
80:20(v/v)o] HE = 587} linearstAl &8 & &, o]E 58
F A3 baselines ¢HA 33t Ath Al #2492 100 pL
loop7} &&E injectore] 5~15 mgel sample2 5 mL9]
chloroform®] &4 10 uyL& FY3IA 3, 49 W&

rlo
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retention time(RT)$} partition number(PN) AFo] 2] A4

S o] §3le] A2 TAG R4S EA3ATHTY).

Partition number (PN)=total number of carbons (CN)
—2 X total number of double (ND)

DSC 24

Differential scanning calorimetry(DSC, TA Instruments,
model DSC 2010, New Castle, DE, USA)S A3} solid
fat content(SFC)E A3} th ¥4 Al calibrations 9 g+
baseline2 Wl celldlA] £33, 24+ 4 Alg9] &
5+0.1 mgl 2 3}9th. Thermograms 47] 93 AL
Z 2L 80°CAA 1087 FA3F th2 10°C/ming] H]
T -65°C7H A BZbske] o1 Lo A 1087 FA3F & oha
80°C71A] 5°C/mine] HIEZ <2 3t .

o Kt ¢

3

4

o 2

ot WY thAll A ¢F ol HE Y Ak =
flame—ionization detector(FID)¢} A& F4 717}
gas chromatograph(GC, Hewlett packard 6890
series, Avondale, PA, USA)o| A8 1 uLE FYste] &4
o] o]Fojxom FEXNd ALSH AP} 2T IS
Table 19 e AT AP &l AlE 25~30 mgS F 3t
1.5 mL2] 05 N methanolic NaOH &S @31 100°C water
batholl A 5&7F ¥+-§ ¥ W2 th3 2 mL 9] BF3-methanol
L A-5 Yo vortex 3+l 100°C water batholl A 287+ wk-$-
3k olell 2 mL9] isooctane®} 1 mL2] X3} NaCl &
7hte] F-3] vortex F AR S th A5 HE TS A3,
©]Z= anhydrous sodium sulfate column®l] Z# GC E4L
Skt 3 GC-FID o] 42 2+ Aake] wd o
2HZo|B2E 3 AHte g Mol sh=u, 2 At
H AEAIFE A A AAG AFE o] &3HTHO).
TAGE] sn-2 position A|WAke] 2R o831 o] 4
stk A@del AlF 9 7 mg, 1 M Tris-HC buffer(pH
76) 7 mL, 0.05% bile salt &< 1.75 mL, 28|31 2.2% CaCly
£4 07 mLE SAUE B3, A8 22 FHY pan-

creatic lipase 7 mg= ¥t} 183 F83] vortex ¥ 37°C
i
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= water bathell ¥i1 887+ WH-&-3ldth & 2 & Hst4

Table 1. Gas chromatograph condition for fatty acid compo-
sition analysis

Items Conditions

Instrument GC (HP 6890 series, USA)

Column Supelco SP™-2560 (100 mx0.25 mmx0.2 pm
film thickness, Bellefonte, PA, USA)

Detector Flame Ionization Detector (FID)

Carrier gas N (1 mL/min, Constant flow)

Column temp. 50°C—10°C/min—150°C—4°C/min—220°C
(37 min)

Injector temp. 250°C

Detector temp. 260°C

Sample load 1 pL

4 mL9] diethyl ether &9 H7}ste] FE3] vortex ¥
ARG ASHeS #H3te] anhydrous sodium sulfate
columng AX FES AASE 2™ thin layer chromatog—
raphy(TLC) #2418 3}7] 93] TLC plate(silica gel 60 Fosy,
20x 20 cm, Merck KGaA, Darmstadt, Germany)®ll 7713}
Aot ol ArgE A 892 hexane:diethyl ether:
acetic acid(50:50:1, v/v/v)olQem, A/ & A1z} =
2-monoacylglyceride(MAG) band F&E7HS Fojulo] ¢ 9}

2o ARd B Yo GC BAL Y

XRDZ 0|&%} polymorphic form X S8 &3

FFo} HE thA-FA Y polymorphic forme A&l A
x-ray diffraction spectroscopy(XRD, D/Max-2200 Ultima
/PC, Rigaku International Corporation, Tokyo, Japan)ol 2]
3] == A} Target2 Cu-KaZ Voltage 40 kV, Current
40 mAZ FF3tgoeH, S|I-A=(20) 12~13°Z S 34
t(10). A EE v F2olA 24417 o] B & A Fo|
ALY 8§89 542 AOCS Official Method Cc
3~25¢ AAIE W wel AP Ah A7 WgES
Aot 7t W82 capillary tubedl] 1 cm 7} 9-& 5 4°Col
Al oF 16A12 W7 E#stth Water bathgre] 258
05°C/mine. 2 ZA 3} tube ¢He] LA X7} A3 He=
< &8 = FAATAL.

2zt of D3

|2lel vl WE s 3 24

Z}Z} COS : PS=8:2¢} COS : PS=6:42] AHH| =2 7|48 7t
3L HlEol mE 2473t WhE 6] TAG £4S RP-HPLC
A4S 53l Fig. 1o Yeb ek & AF =60 A] 2443
9] W& reaction equilibrium< ©|& Aeolgta AT
o} Fig. 1oA ®¥E&-317] 2] ZF 712 <1 PSSCOSY chro-
matogram(Fig. 1A} B)3} 24A)7F Wkg 39] chromato-
gram< B3Rt COSE F2 8~15894 TAG peak”}
AXBA I, PSE= 308 AFZ TAG peak7} EA5HL A
th. COS 1 PS=82 ¥h-g-o| A& PS peake 79| §F-g-o 3o
sted TAG peak7F §1o17 ¥+ COS peak® “F3&] Eol
A= o= Hol §hE Al 2o 22 TAGZE A2
2 B2 COS TAG mol 7} B7] Wi o2 Azt
A, 6:49] REg XM= 82 ¥} Hlaste] COS PS peak
7} Bl A gl HA] AEA FEE TAGE ] A=A
o mEbA o] & AF-2 COSet PSY HIES 64% 117431
T

a9

RP-HPLC 244

RP-HPLCE o]&3t9 COS:PS(6E:4)Y 71dS vk A7t
< 1, 2,3 6AIZFSE ulto] 7w BA4% AAE Fig. 29
Table 201 JeERH ATh PN<40 ©]3}2] TAG peake 1417+
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Fig. 1. Triacylglycerol (TAG) profile analyzed by reversed—
phase HPLC of substrates and reactants after 24 hr reaction.
(A) Palm stearin, (B) Coconut oil solid part, (C) Coconut oil solid
part : palm stearin (COS : PS)=8:2 (w/w), (D) Coconut oil solid
part : palm stearin=6:4 (w/w).

Hh-g-o A 23.08%0] 3L, ¥F&AITto] S7HEFE vl go] 7+
23fe] 3A17F W80l A 11.26%0] o, 6AZ ol A= 1 1)
Eo] & F718k 1685%°] Atk g, COS9t PS7 &4
2 interesterification ¥F-&-ll 3] MZF TAG peak’} F=2
YEl= PN 40~462 4 3A17F wF-3-ol A PN=402 16.52
9%, PN=42-2 19.79%, PN=44~46- 27.02%°] Atk 181}
6A17F HE-g-oll A1 2] PN=402 17.18%, PN=42% 19.47%, 18]
3 PN=44~46< 26.09%= A< vIszst7] vl o] %
Ao vkg A|7HE 3AzEo g2 F3)st¢ith. RP-HPLC
E AMg3te] 2238 commercial CBR A|# 9] chromato-
gram< Fig. 3(A)o] YeElH A Commercial CBR A &2
PN<40 o]sl= 2.93%, PN=402 9.08%, PN=42= 8.00%,
PN= 44~46-2 29.31%, PN=48<- 47.72%, 18] 31 PN>52 ©]
e 296%0lAth. weEkd B AR FAHE COS:
PS=6:4, 3A17t §E-g-E I = 53] PN<409] 2437 A Aol
7F AR HFig. 2).

A O°CREEFAY S AX AN o] FEY TAGHE
AAsF L™ olwje] B F chromatogram2 Fig. 49 Y
ER AT B3 3 COS : PS=6:4, 3A17F wHg-E9] TAG 24
A AFAAre] £3E TAGE FHHE = peakd v &S
A TAGY 707%=Z 9153t 1384 commercial CBR

o]7e
™| 1hr PN48
<PN40  |PN40 PN44~
PN42i 46 PN52<
Mﬂ JL,JL«AAMM
mV | 2hr PN48
<PN40 | PN4O PN44~
PN42 | 46 PN52<
mV | 3hr <PN40  |PN40 PN44~ PN48
PN42 | 46 PN52<
mV | 6hr
<PN40 | PN40 PN44~ PN48
PN42 i 46 PN52<
0 10 20 30 40

Time (min)

Fig. 2. Triacylglycerol (TAG) profile of COS : PS (6:4)" ac-
cording to the different reaction times (1, 2, 3 and 6 hr).
DReaction product was synthesized with coconut oil solid part
(COS) and palm stearin (6:4, w/w).

Table 2. Triacylglycerol (TAG) peaks classified by partition
number (PN) of COS:PS (6:4)" according to the different re—

action times (unit: %)
Reaction time (hr)
PN
1 2 3 6

<40 23.08 11.04 11.26 15.85
40 18.44 21.80 16.52 17.18
42 14.67 19.44 19.79 19.47
44~ 46 10.43 21.67 27.02 26.09
48 31.08 22.77 23.18 19.44
50< 2.30 3.28 2.22 1.47

DReaction product was synthesized with coconut oil solid part
(COS) and palm stearin (6:4, w/w).

A F9] PN=43 F-&9] TAG &4 A =AA0)7F AN
t}. olo] ol HE hAFAER S ETH4Ss BHYsty
23l COS : PS=6:4 ¥F-&-&-& EE3 nA| = o #H4] 5
PMF, PSS9} POE H7Mstdth mebA HEHo =2 Az
Aol ME A FAE 0°ColA 83 COS : PS(6:4) v
SEo] uAA BIE 704%0) AA B5H PMFS 184%,
PSSE 29%, 1831 POE 8.3%2 FA M Z blendings}]
FIHE WATAS AFePT TAGRA 24727,
PN<40 ©]&}& 3.32%, PN=40-2 10.77%, PN=42%& 13.06%,

—

#
H
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o) prad | Pas
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(B
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~46
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N\ N1 ——
0 10 20 30 40
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Fig. 3. Triacylglycerol (TAG) profile of commercial cocoa
butter replacer (CBR) product (A) and the produced cocoa
butter alternative (B).

PN=44~462 17.38%, PN=48-8 51.88%, 18] 31 PN>52 9]
e 360%0°] At (Fig. 3B). Ax¥ Z3olHE] thAl5-A) <
TAG 48 commercial CBR A|&2] TAG A3 ¢
AR o

ANzH Ao E thA-FA ¢ commercial CBR A= 3}
9] GCE o]&-3 AWt B4 AFE Table 39 Ve AT
T AT AAFA Agake vlEL A9 FASIE L H,

EZ3} AAte] BlE2 sistol ME thAlF-A 9k commercial
CBR7} 247} 17.39%9} 1868%°] a1, AF A4kl C8:09}

mV

0 10 20 30 40

Time (min)

Fig. 4. Triacylglycerol (TAG) profile of the solid part of re-
action product (COS : PS=6:4, w/w) fractionated with ace-
tone at 0°C.

C10:09] &&& =ZFol WE WAIFAYF 091%E, ol&
commercial CBR A& 2] 1.29% H]3] thA Sttt} 2 43

A AzH ZFoF WE dAFX= Cl2:0(auric acid)Z}
14:0(myristic acid)®] gHe] 28.78%°] 1L, commercial CBR
AFE GA] 2742% ¥l EL ¥ 2t3 A, o=
CBR A # X lauric A9 A& AHEStA AZHASS 9
vgith, T AR A M &2 BE&S Zte Ak C16:0
(palmitic acid)©.2 FFo} WE hAFX+= 46.03%, com-
mercial CBR #|#2& 47.75%°|03, F A 8A 25 mrans

AgAte 25 HEHA gt H, TAGY snm2 HA <
A2 2448 B3 23-E Table 39 YeERR AT AA
A EIAke] B ¥ 3= = commercial CBR A& 9] 18.68% &

17.39%%1 Az¥ Z3Lo} HE Aol Hls) 1.29% =S
o} 28y TAGE sn-2 positiond| A #A|ZH FFo} HEH
PAF-A o] BEEA AL 23.22%F ©]= 16.06%%] com-
mercial CBR A|ZFol Bls] 7% A= o &4} sn2 $A]
A T AgY 2R 249 A lauricAl AR
C12:09F C14:09] 3ol AFA|3h= v 25.14%9} 37.93%2
2 commercial CBR A|#0°] 13.79% © =31, & XAk

Table 3. Fatty acid compositions (mol%) at total and sn-2 position of triacylglycerol (TAG) molecule of the cocoa butter

alternative and commercial cocoa butter replacer (CBR)

. TAG Sn-2

Fatty acid Cocoa butter alternative Commercial CBR Cocoa butter alternative Commercial CBR
C80 0.20£0.01” 0.450.02 ND ND
C10:0 0.71£0.02 0.84+0.01 ND ND
C12:0 16.50+0.01 18.94+0.01 16.67+0.02 24.33+0.02
C14:0 12.28+0.01 8.48+0.01 847+0.01 13.60+0.01
C16:0 46.03£0.05 47.75%0.03 47.25+0.03 40.42+0.04
C18:0 6.55+0.02 4.60+0.02 4.39+0.01 5.59+0.01
C18:1 n9 14.75+0.01 15.78+0.02 19.24+0.01 14.83+0.03
C18:2 n6 2.64+0.01 2.90+0.01 3.98+0.01 1.23+0.01
C20:0 0.34+0.01 0.26+0.01 ND ND
tFAs” ND? ND ND
STUSFAY 17.39 23.22 16.06

YAl values are mean+SD (n=2). Trans fatty acids.

YUnsaturated fatty acid. “Not detected.



1492 Hj gt - o]

120

100 4

80

60

40

Solid fat content(SFC, %)

20

0 10 20 30 40 50 60
Temperature(TC)

Fig. 5. Solid fat content curve of the commercial cocoa butter
replacer (CBR) and cocoa butter alternative. —a—: commercial
CBR, —— cocoa butter alternative.

Z F AR 7 L HES AAsE C16:0S Zhz
4725%9) 40.42% 2 A AMZH ZIIHE UlA &R} oF
7% =S4T}

M=%l ZF30} HE CHAH|FX|2t commercia CBR HM|ZE
9| SFC £4

Fig. 5= DSCE AM&-3ted Az=H I3l HE diAFA
9} commercial CBR A|&¢] SFCe =34 A3E =g
Vel it 25°Coll A 2+ A1 29] SFCE 86.98%%} 88.05% %
Az Z3ol WY WAFA S} ALY fFALe AT 25°CellA
9] SFC= A-2d A F%29] hardness =S FF3 & &
A= AREHA F AIBE FAFR hardnessE 7HAAL $la&
F2 F AUtk A" ZFol HE A FX = 30°CelA
75.76%, 35°Col A 53.03%, 40°Coll A 25.13%, 45°Coll A 1.78
%9] SFC3kel 4zt &= %31, commercial CBR A #-2
78.01%(30°C), 59.75%(35°C), 30.09%(40°C), 1.95%(45°C) =
=A 5t wEkd F AR EF 30~45°Ce) =7kl
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Fig. 6. Endothermic melting curve of the cocoa butter alter—

native (A) and commercial cocoa butter replacer (CBR) (B)

analyzed by differential scanning calorimetry.
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Fig. 7. Exothermic crystallization curve of the cocoa butter
alternative (A) and commercial cocoa butter replacer (CBR)
(B) analyzed by differential scanning calorimetry.
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Fig. 8. X-ray diffraction (XRD) spectroscopy of the com-
mercial cocoa butter replacer (CBR) (A) and cocoa butter al-
ternative (B).
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