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Summary

@ Emulsan is an extracellular polyanionic lipopolysaccharide produced by

Gram—negative hydrocarbon—degrading bacterium, Acinetobacter calco

aceticus RAG-1.

@ FEmulsan contains about 15% long fatty acid which are thought to

modulate hydrophilic—lipophilic balance.

@ It was found that the composition of fatty acid of emulsan could be
significantly altered by supplying the different types of chemicals as a

carbon and energy source in the culture medium.

@ Emulsan having the modified fatty acid group also showed the difterent

emulsifying activity in hydrocarbon-in—-water system.

@® Emulsan contained about 10 different fatty acids and major components
were found to be 3-hydroxydodecanoic acid, hexadeanoic acid, and

octadecenoic acid. Among them, 3-hydroxydodecanoic acid seems to be

the most important fatty acid in the active emulsan preparations.
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Table 1. List of surfactant uses by indust

Agriculture
Phosphate fertilizers

Spray application

Building and construction
Paving
Concrete

Elastomers and plastics
Emulsion polymerization
Foamed polymers
Latex adhesive
Plastic articles

Metals
Concentration of ores
Cutting and Forming

Casting
Rust and scale removal
Plating
Paint and protective coatings
Pigment preparation

Latex paints

Paper
Pulp treatment

Paper machine

Calender
Petroleum production and products
Drilling fluids

Wortkover of producing wells
Producing wells

Secondary recovery
Refined products

Textiles
Preparation of fibers

Dyeing and printing

Finishing of textiles

Prevent caking during storage
Wetting, dispersing,suspending of powdered
pesticides and emulsification of pesticide soln.

improve bond of asphalt to grave and sand
Promote air entrainment

Solubilization,emulsification of monomers
Introduction of air,control of cell size
Promote wetting,improve bond strength
antistatic agents

Wetting and foaming,collectors and frothers

Wetting,emulsification,lubrication and corrosion
inhibition in rolling oils,cutting oils,lubricants
Mold release additives

In pickling and electrolytic cleaning

Wetting and foaming in electrolytic plating

Dispersing and wetting of pigment during
grinding

Emulsification ,dispersing of pigment,stabilize
latex,retard sedimentation and pigment separation,
rherology

Deresinification, washing
Defoaming,color leveling and dispersing
Wetting and leveling,coating and coloring

Emulsify oil,disperse solids,modify rheological

properties of drilling fluids for oil and gas wells
Emulsify and disperse sludge and sediment in
cleanout of wells

Demulsify crude petroleum,inhibit corrosion of
equipment

In flooding operations,preferential wetting
Detergent sludge dispersant and corrosion inhibitor
in fuel oils,crank-case oils and turbine oils

Detergent and emulsifier in raw wool scoaring;
dispersant in viscose rayon spin bath;lubricant and
antistat in spinning of hydrophobic filamens

Wetting,penetration,solubilization,emulsification,

dye laveling detergency and antistatic additives to

inishes
Wetting and emulsification in finishing formulations,
softening, lubricating and antistatic additives to
finishes
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Biosurfactant type
A. Glycolipids
Trehalose mycolates

Trehalose esters

Mycolates of mono-,di-,and
carcharide

Rhamnolipids
Sopborolipids

B. Phospholipids and fatty acids
Phospholipids and fatty acids

Phospbolipids

C. Lipopeptides and Lipoproteins
Gramicid

Polymyxins
Omithine-lipid

Cerilipin
Lysin-lipid

Surfactin,Subtilysin
Peptide-lipid

D. Polymeric surfactants
Lipoheteropolysaccharide
Heteropolysaccharide
Polysaccharide-protein

Manno-protein
Carbohydrate-protein

Mannan-lipid complex
Mannose/erythrose-lipid

Carbohydrate-protein-lipid complex
E. Particulate Biosurfactants

Membrane vesicles
Fimbriae

— 15 -~

Table 2. Major types of biosurfactants produced by Microorganisms

Producing microbal species

Rhodococcus erythropolis
Arthrobacter paraffineus
Mycobacterium phlei
Mycobacterium fortitum
Micromonospora spp.
Mycobacterium smegmatis
Mycobacterium paraffinicum
Rhodococcus erythropolis
Corynebacterium diphtheriae
Mycobacterium smegmatis
Arthrobacter spp.
Pseudomonas spp.
Torulopsis bombicola
Torulopsis petrophilum
Torulopsis apicola

Candida spp.

Candida spp.
Corynebacterium spp.
Micrococcus spp.
Acinetobacter spp.
Thiobacillus thiooxidans
Aspergillus spp.

Bacillus brevis

Bacillus polymyxa
Pseudomonas rubescens
Thiobacillus thiooxidans
Gluconobacter cerinus
Agrobacterium t umefaciens
Steptomyces sioyaensis
Bacillus subtilis

Bacillus | icheniformis

Acinetobacter calcoaceticus RAG-1

A.calcoaceticus A2
A.calcoaceticus strains
Candida | ipolytica
S.cerevisiae

Candida petrophilum
Endomycopsis l ipolytica
Candida tropicalis
Shizonella melanogramma
Ustilago maydis
Pseudomonas spp.
Pseudomonas fluorescens
Debaryomyces polymorphus

Acinetobacter sp. HO1-N
A.calcoaceticus
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= 9ol AEst o F = Adnetobacter calcoaceticus RAG-1Z A,
eppendorf tube Off YWSAMEZ 22610 ASoIAUCE 752 i AlEsl
BHAl 282 BadH, 1% urea 2g/l KHPO, 222 g/I; KHPO, 73 g/l;
MgSO4+7H0 0.5 g/l 32l stock trace metal solution 3 mlOICE O Iy,
MgS0; EWUZ 102 szt EXNE U= MG Htoto] Bt Xl o
e =%t A HIolE2WH, trace metal solution= 100mIE CaCl,-2H-O
36.8 mg, CuSO45H0 62.4 mg, FeSO4 /H,O 60.4 mg; MnSO44H0O 59.4 mg;
ZnSO47THO 42.2 mg; CoClay6HO 78.8 mg, NaMoOs 69.6 mgl| &wreEl de
=, 0jylgr alds YI| flolM c-H.SOs & AIESI0] pH 2022 £HA SHA| 2

= 045 um membrane filter2 O{24AIZI HOICL. A2 45T & 0|Z06t= A

-

L= cosubstrate 282
2 MEdl= AgoME 0.4% cosubstrate® HA U X0 &Jtst 2o LKA

0.496 cosubstratel] 71U &= HZE Hollgits BHA|o17| #e0| UL,

Ul UM H=spEIC] #+5 30°C water bathOlAM =01 2= EtAZ I oL A
He=Z 1% ethanolE &wel 50 miel A = 250 miel 224 SetL&~30
sl =, TIEBl 27| (New Brunswick Scientific)l Al 30°C, 250 rpm2 =2 24A]

b Set iAot Od = UM 5 mE MEE SAUXI0 sH 16A

S &8 THe = Hiol(H, 0 BHUH=E RO inoculumC =2 ALE o
2 J

| S 28 | M2Zet~a8
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AME3IE2H, 20 mIC seed cultureE T E0I0{ SIEUBIATI(NBS)0AM 30T,

250 ipme =2 72A|2ts ¢t B Yo6l0d emulsana %

M 3 . Emulsang #<¢ ¥ AA

i~ e

O

500 miQl &%

H &2

= 4COH M Sorvall GSA-RZ2 012 5000rpm(3600g) 2 2 20

MELol] ME== M HSICE AMsHZ2 47% ammonium sulfate

S 500mioll 137g &ohHotKd, MNSaE(47C)al

9 crude

AH= dM0| JINAECe =z =olg| = 0|d{st
AM2(4°C), 7500 rpm(6700g) 01 Af

20
= axE A= 50-80 mlel s&0 =0

O Tr T

| I—

(=

ol F  dialysis tubing(Spectra/por
MWCQO;12000-14000, Thomas Scientific Co.)2 0| A0 A

Sy a0l o

d5 =0l &% SMAZLL FAHE e SZAHXAI|D, AR
emulsanE Soxhlet F=J|2 1-28€ S¢ ether2 =38t & LE0 A 100C=2
HEANZICH  O0lE Al &2, A& emulsan sampleE Ul A Agdl AlE

1. Emulsifying activity &4

125 ml 22432t 3 Pyrex)l TM buffer(20mM  Tris. HCI buffer, pH 7.2,

10 mM MgSO4) 2t 2 ek2]
2| =L

Mt emulsans €0 2ER2TJF 7.5 miot &

0.1 ml&] standard mixture (hexadecane / 2-methylnaphthalene [(1:1

.

vol/vol))E ®IIol0| R opiE 3 S=Ch 3¢ = shaking water bath

(Vision Co. Std)OllAM 30CE RAlolH, 1AIZISeH OUlE XISt 20

| W
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Abs.gionm= S A StCEL(Shimadzu UV 160A). CIE Etsl4 40 O 8t emulsifying
activityS &80 UAHAME Z22 EHA=ZMH, 0.1 ml hexadecaneOiLt 0.1 ml
2—ethyinaphthalene= standard mixtureti &! ALESCH 28 SEHEES 20 S 3
°of HO0|C}t. Spectrophotometer 610 nmUlAM Abs. 1& UHEIE mf 1 unite

emulsifying activityS JI&ICHD A 9| s},

T 8AISH 5 mgll emulsang 3 mi-Microreaction vessel®l &0t 6N HCI 2
miES JI8t & Reacti-therm heating block module(Pierce Co.)0llAl 100TC, 16A]
=0t BESA[ZICEH S0 AW MAEdsE SHAZIP] fol 1mlel &S5

Jtotl emulsan EAOIAL e EoiE Al@elE 3ml ether2 0¥ BHS

=
&5, 8@AM2E GC/MSENE Folt] LhEdt £0] fischer esterification &
tH

HK ag. 6N HCI(81.3 mDoll MeOH(68.8 ml)& Jt5l0{ methylation reagent
stock solution= SH=FLCL £ Ji5-&Eolst Al=0 2 mlel methylation reagent
2 Y930 10=2t vortexold A|E& 2805 =SRLLE 80C shaking water bathdil
M 102 9tSAIZ1 =, 1.26mlIe] =& S Wl (hexane:ether=1:1)& Jlol{ 10&F

2t A LA 84 F5E M AHoIRLE Il 3mi€| basic washing

solution{0.3M aq. NaOH)2 715610 522t 410{E = FIIEE FE610 vialo
22712 rotary evaporator® =06 Lt

AL 2-hydroxydodecanoic acid, 3-hydroxydodecanoic acid = standard M &2

retention timel Hl & 2N 2 Ljgtrts Ao AMGICE el
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LIAM GC/MS(C, 70eV) spectrum”2toll A Q] quasimolecular ion peak®t 4 A

gt EXlgkS Hlwoly, fragmentation patternE EAELZH HMS
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Acinetobacter calcoaceticus® M9 E| 2 buffer®ll 5mM oleic acidS & EFAHA

o2 ol WHUHAINAM HEAZHCE olMf, HIEZAMQ! oleic acid& emulsifyol

1 #Ish 05% Tween 202 EHIIRCL SHHO| FUHCE=

| W

nitrosoguanidineNTG)=S MEH 2 XMW Millere] WS WAL X5

MZE (OD 560 = 0.4-0.6)et 3 ml MEZWZE HAF=2st =, 01 M citrate

buffer (pH 5.5)2 22 MAIIALL CIA 1.2 miel =¥ buffer2 resuspendAlZl

2, 25ug/mlol == NTGE HJtot? 37CoiAM 1082 (HBlAdE Soll

% survival0l 50262t AlIZhH Xelaict, NTGIE XM= AHEZHZ 0.IM sodium
phosphate buffer (pH 7002 =2 Gl &l A
2 23] M|AMNLCY},

_|>-
rol

P & UM &E2|6l2 CHA =Y puffer

NTGE Aelst MIEZSZ2 0.6% glycerol, 0.025% Tween 20, 0.01 % oleic

acid?t ZT&t& M9 E A BIAIZ resuspendM overnight B 251 L 0| & T
Al 0.6% glycerol, 0.025% Tween 20, 0.01% oleic acid?} Zat&l M9 H ZHul X

(unselective medium)0ll plate® 500 colony?t ® &5 g|AM510{ SLUEICE 0| &

o

Al oM Y colonyS2 oleic acid?l B IJIEA &2 LW U)X (selective

medium) = replica 610 unselective mediumOl M= AI2tX| 2t selective medium

HAM= KI2tAl 2= colonyE MYH6IRLCH
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M3 & apan o a3

H 1 &. Emulsifying activity & vt 1=
1. Shaking £2| standing time Z 3.

0.8% oleic acid2l 0.2% 1-phenyldodecane =&'=0A RAG-12 Ui st 5
ammonium sulfate precipitation@ =2 Y Asdo=xz HEHY F2 HA s
emulsan® 2 Mg~ 2 &Rt buffer& Mo M standard hydrocarbon mixture=
emulsification (350 g Emulsan/7.50ml assay volume) AlZl = Al2Ho WOE

turbidity 44 858 &6t L.
o

cuvettedl] emulsification 8ts FEEWXESES F st 242 tubidity &4 Ao

610nmOIlA] &6l 2M flasktll JU=2 SFUS I =2 42 S5 UIEH

108 &FFHe= He dHoidEs & & JYULL
012} €3 turbidityl Z4a 0|7 = shaking2 =2 216 emulsan®l| 2ol QA
2ol AAl 11 W0 24t HEfe Etotr A droplet=0l M2 S5
CEM 2Tl MF2It 0l F & (coalescence) 2t S Al Ofl

=

Of FAF 5t emulsan®l &loll ot 2 ¢t st=l of &

O

A YXI=0l F phase?te| 8% X0|2 Qo HUHPIZ =7 WiFE0|C}

(creaming). £t cuvette incubationOi Al turbidity 4471 4 =Al LIEtLE=

Ol 57 &= cuvettedl] HIol flask®lAM EHCe=Z es= O0lsHel I ¢ =7 o

20| ootz wal AASE  tubidityoll TEsly| 20| Ch. [CF2FA,

emulsificationAlZ]l = flask& U & 102 WX|st & tubidity® &8 ol

A HYolll. YXloll & emulsion 8dE H H 250 & F tubidityH el =

L

U2 Mo 2 =Ao| B0l Mo d|=st HAIE LIEY 2L

et A, emulsificationAZ] & flask& JWH=Z 1072 YRS = turbidity2
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Exsle Al MUSICL WA £ emulsion 22 ® ¥ B0
iy

turbidityiels Bt=SM Q95 Zd6| 20t= Ho| H|=s ZIUE LIE]
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Fig.3. Effect of standing time on emulsion formation after shaking
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2. Emulsifying activity®} hydrocarbon substrate specificity

Emulsan sample? =% YelolHA Al JFAl Eate4a JiEo st

emulsifying activityS Z&S61CLH  HexadecaneO| Lt 2-ethylnaphthaleneOllAl &

Cl standard hexadecane/2-methylnaphthalene mixture®i Ml emulsifying activity 7}

M = A LIELLEZ, aliphatic hexadecane 2 L= aromatic 2-ethylnaphthaleneol|
M 20 280l 4 Uss & 7 UH emulsanOl 0l Al JHA &t 4o
JIRZ0 tiol M2 CI= Al interaction®t= & &+ UUCL (Fig. 4). 0|2 &

0] M8 DEX= SStHOR gIME EHESUAME 20X $E S0484S U

ol2ist 1R SolMe otFe BRUS0, RE) IS s

Lot AlEZ%l emulsanF 4t 250 ¢HE 9= O/W emulsion8l turbidityZt
Ol= Aol dHld Ao delolLt 0ldist Hidl A = amphipathic =21

T A2l emulsan0] & a2t =9 AT BJIESAECe =z vieks2Eote CHF

Asl HE2 film= @A, emulsion® coalescenceES WA 610 A SHA|F| T

Soll Y2 OlX 0, 8r2Al9 E0tASH 2571 AMEZ 0]218! linearity® &
E{ deviation= 7E&AZ 0] 2#EEHOH & 252 wA[J} "ierA 6L}
M23E a9 823 E70 2 Emulsan?] =d ooty 5S4

1. Emulsan 18 Alg&éte] 848 = emulsifying activity?] 9}

7}, Emulsan /+41 Algbatel = A
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GC/MSZ lipopolysaccharide®! emulsan® 44d 222 2AM6l 2 Aot

=2 107 59 Algdtd 1 2 YSsielEsss: 0IFHAH JUAULH,

HlnA™ MU otat0| 2 AWLHE 3-hydroxydodecanoic acid, hexadecanoic
acid, octadecenoic acidO|RICt. 33 2|0l octanoic acid, decanoic acid,
dodecanoic acid, dodecenoic acid, 2-hydroxydodecanoic acid, tetradecanoic acid,
hexadecenoic acid, octadecanoic acid 0| & Algtite =2 EX ot UL

a XKX|st= HlE& AGYol  SAICH  cyclohexanebutanoic acid,

2—-dodecyloxyethanol, 2-ethyl-Z2-methyltridecanol, 3hydroxyoctadecanoic acid,

0,12-octadecadienoic acid, 3-hydroxyoctadecanoic acid % A4 2MHMHMEC

T WAHEFCOH, wWetS oletE == dodecyl bezene, 2,5-dibromobenzoic acid,

1,2-benzenedicarboxylic acid, 1-phenanthrenecarboxylic acid, 2-t-butyl-4—-(dime-—

thylbenzyl)phenol, 2,4-bis(dimethylbenzyl)phenol 0| &H & AL}

Table 3. Different carbon source

Carbon source Structure

Ethano! CHz-CH,-OH

Oleic acid CHs3-(CHz)-CH=CH-(CH3);-COOH
4-Dodecylphenol CHz~(CH2)11-CeH4OH
1-Pheyidodecane CeHs—(CH2)11—CHs

Octylether CHs~(CH2)7-0O—(CH2)7-CHs

lgepal 4-(CoH19)CeHs—O-CHo—CH,-OH

Ricineloic acid{(castor oil) CHs- (CH2)s—CH(OH)—-CH>—CH=CH~(CH») ;-COOH
n—Qctylepoxystearic acid (CsHi17)(CH2)15-COOH

Stearonitrile CHz—(CH2)16—CN
Dioctylamine CHs—(CHy)7-NH-(CH3)7—-CHs
Oleylamine CHs~(CH2)7-CH=CH—-(CH,)s—NH>

Alkylated fatty acid (methyl-, propyl-, butyl-)
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Fig. 5. GC chromatogram of a emulsan sample
Inlet : GC Ion Mode : CI+
Spectrum Type : Regultar (M inear)
RT : 15.25 min Scan# : 1406-138/7-1422 Temp : 32.9 deq.C
BP : m/z /74,0090 Int. : 18.29
Output m7z range : 591.0008 to S00.BHOL Cut Level : 2.00 ¥
191757 74
198 —
]
O
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Fig. 6. Mass spectrum (Cl, CHs, 70eV) of 1th peak in Fig. 5.
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Inlet : GC lon Mode : ClI+
Spectrum Type : Regular [MF-Linear]
RT : 17.94 min Scan¥ : 1654-1646-1673 Temp : 103.6 deg.C
BF : m7z 17].0000 Int. : 21.358
Output m/z range : S50.0808 to 5009.0884 Cut Level : 2.8 X%
226389 }?1
1992 !
97 (M~-COOCH4J"
'!
?H
, GI-Ia(OHz)g——?—-O—OCHs
H
50 b3
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23p 231
| MeCAiy 284
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Fig. 7. Mass spectrum (Cl, CHs, 70eV) of 3th peak in Fig. 5.

L. Emulsifying activity@l tH g}

EthanolO|Lt oleic acidd|l Cle &9 Etels+A £ cosubstrate= ™ Jtof HL}

= 05212 =gblss 2ot &

o
700

45 AokEL 2 emulsan®l U 04
ottt =20, Ml J1&E0l thst emulsifying activity®™ AM&E

Ct= Al LIEFSICEH Emulsifying activityS &80l AlE 8 emulsan@ &2 300 g0l

0

M 2 Al&et

I'.E

Q O, emulsificationMZHE 8 emulsifying activity?t standard mixture2] 4
0.21-3.99 U/mg, 2-ethylnaphthalene, 212l hexadecaneOll CHolAMl= HlnA &
MOl e TO|RICE gL}, 0.8% oleic acid2t 0.2% octylether 2 &2, oleic

acid2} ricinoleic acid Z&f=2(0.296:0.8%6, 0.5%6:0.5%, 0.895:0.2%), 0.296 ethanol

OIL} 0.296 oleic acidQ'r 0.8%4 eﬁwio eic acid -ELEF%OJ' ‘\41 g’f‘!’?‘-‘ emulsanQ_I g;l
_|

F M 7|1& S0l 2-ethylnaphthalene0Oil A €243 0]
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Standard mixture®] W3t emulsifying activity?t 22U <22 Al LIEpG
emulsane 1% oleic acid, oleic acid2l octylepoxystearic acidel Z28t=
(0.596:0.526, 0.826:0.2%26), 0.8% oleic acid®t 0.296 ricinoleic acid &¢ef=, 0.8

oleic acid2}t 0.2% octylether ESt==FE| MaotollWH 24 =0]| AL

e EtAHUAM MAoiH A emulsans Ml 7| &Ml st emulsifying

X

activity®2 M= H|lwoll = W, standard mixture, hexadecane®| WaolAM = 0.296
oleic acid®l 0.826 methyloleic acid E&==5E M4LHSE emulsan0Ol, D22

2—-ethylnaphthalene®ll Uloll M= 0.826 oleic acid®t 0.2% octylether® FE{ 28 Al

St emulsan0| 2t2! emulsifying activity?t 712 = Al L2

Table 4-1. Lipid content and emulsifying activity with different carbon source

Substrate 1% Ethanol 126 Oleic acid

Component(x10°mg

Dodecanol 2.8 3.7
Dodecanoic acid 8.1 7.9
Dodecenoic acid 3.3 3.7
2-OH-Dodecanoic acid 1.9 1.2
3-OH-Dodecanoic acid 16.4 319
Tetradecanoic acid 4.8 1.6
Hexadecenoic acid 3.5 3.4
Hexadecanoic acid 23.5 8.5
Octadecenoic acid 14.7 17.2
Octadecanoic acid 9.0 4.6
Octanoic acid 2.2 2.0
Phen. carbox. acid 1.5 1.2
Phenolic compound 3.5 4.4
Unidentified compound 4.8 8.7
Emulsifying activity (U/mg)

Strandard mixture 1.396 3.330
2-Ethylnaphthalene 1.010 2.450
Hexadecane 0.250 0.930
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Table 4-2. Lipid content and emulsifying activity with different carbon source

Substrate Mixture of ethanol and octyl ether
Component(%5) 02% . 0.8% 0.5% : 0.5% 0.8% : 0.2%
Dodecanol 0.1 4.7 4.1
Dodecanoic acid 59 10.6 4.1
Dodecenoic acid 2.9 5.4 2.4
2-OH-Dodecanoic acid 1.6 2.7 2.2
3-OH-Dodecanoic acid 18.8 25.2 30.7
Tetradecanoic acid 1.1 1.7 T
Hexadecenoic acid 5.0 4.1 2.6
Hexadecanoic acid 12.4 11.2 12.3
Octadecenoic acid 31.3 21.7 28.6
Octadecanoic acid 6.2 1.9 1.9
Octanoic acid 4.5 3.9 4.2
Phen. carbox. acid T T T
Phenolic compound T 1.0 1.8
Unidentified compound H.2 54 H.1
Emulsifying activity (U/mg)
Strandard mixture 0.646 2.050 3.246
2-Ethylnaphthalene 1.050 2.056 4.143
Hexadecane 0.233 0.546 0.583
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Table 4-3. Lipid content and emulsifying activity with different carbon source

Substrate Mixture of ethanol and ricinoleic acid
Component(%5) 0.2% : 0.8% 0.5% : 0.5% 0.8% : 0.2%
Dodecanol 1.2 5.1 4.8
Dodecanoic acid 8.4 9.0 11.3
Dodecenoic acid 5.1 5.0 4.4
2-OH-Dodecanoic acid 4.1 3.5 2.2
3-OH-Dodecanoic acid 18.0 20.8 15.5
Tetradecanoic acid 1.2 1.4 3.7
Hexadecenoic acid 1.9 3.1 3.8
Hexadecanoic acid 18.7 17.1 18.1
Octadecenoic acid 15.0 155 16.6
Octadecanoic acid 4.6 4.4 5.1
Octanoic acid 2.6 3.6 3.3
Phen. carbox. acid 1.0 1.1 1.1
Phenolic compound 4.1 4.1 4.3
Unidentified compound 8.1 6.7 0.6
New
. 9,12-Octadecadienoic acid 34 25 !
Emulsifying activity (U/mg)
Strandard mixture 1.096 1.450 0.766
2-Ethylnaphthalene 0.756 0.853 0.633
Hexadecane 0.543 0.723 0.583
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Table 4-4. Lipid content and emulsifying activity with different carbon source

Substrate

Mixture of ethanol and cosubstrate (0.2% : 0.8%)

Butylricinoleic| Butyloleic Methyloleic Methyllauric
Component (%) acid acid acid acid
Dodecanol 59 6.1 5.4 6.1
Dodecanoic acid 05 6.4 6.4 94
Dodecenoic acid 3.1 2.6 3.7 3.6
2—-OH-Dodecanoic acid 2.9 2.1 3.2 3.5
3-OH-Dodecanoic acid 21.3 18.8 34.7 32.0
Tetradecanoic acid 5.4 2.4 0.8 2.6
Hexadecenoic acid 2.7 T 3.8 4.1
Hexadecanoic acid 16.7 175 11.7 18.3
Octadecenoic acid 12.4 20.7 194 8.8
Octadecanoic acid 4.1 3.1 2.1 4.3
Octanoic acid 3.0 2.9 2.1 1.4
Phen. carbox. acid T T T T
Phenolic compound T T T T
Unidentified compound 13.0 114 6.7 6.0
New 9,'12--(:')ctad.eca— 13 13 T T
dienoic acid

Emulsifying activity (U/mg)

Strandard mixture 0.743 0.493 3.040 1.423
2-Ethylnaphthalene 0.273 0.156 2.850) 2.293
Hexadecane 0.473 0.270 0.600 0.426

O|XE Ba&c B4 Helt A2 WA & ol2 emulsan 28 &F2ka}

fying activitys

2 Z2H0A ELEsh emulsan? emulsi-

o
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02!
_?_E
il
N
M
[ul
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Emulsifying activity (U/mg)
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Fig.8. Relationship between 3-Hydroxydodecanoic acid content

and the emulsifying activity.
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2. Fatty acid® emulsifying activity®} 2] 2Ar22H

Ofcist emulsan®] Algtit gtekdt R WHSLIE emulsifying

activityll =3t 9= sttt AM2Isttt, 96| 3-hydroxydodecanoic acid=
St 0] =2 emulsan Ml R0 UAHA JHE =2et AKX Les M2HE O
ZMCE 2171 Clg ©SAad oA Aatel W 2 emulsanth @1 3-hydroxydodecanoic

acid &=l 212 emulsifying activityZhel A2 ZAHE Fig 8.0l Al ol A LY.

OHAM 202124 X3  3-hydroxydodecanoic acid2l S&EHE  emulsifyfing

activity@}l dlel 20 Ues Adez2 H2AO=CE oleist A3 Bi=25FH, H 2

CHH A0 M= 3-hydroxydodecanoic acid2l ZE o2t emulsifying activity 2}

of HtHE AYols oiALL
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40,0004 JH 2] colony= B}01510{ 8t Qe EXSIAgHAL QU Q 2 =048 0|
£ 3sacth 0] SHHO|FE = oleic acid?l EIJIEA] %2 HIAWAME O

HE HASEE LRI AF Ul e 0.025% Tween 202t 0.6% glycerolOff

0126 oleic acid?t EIJt= AL, EIIHX B2 5 JtAl 80 A EQelot L.

O o] MZAIEGW Ul =HHOI= 209 5o MZEE B0l oleic acid

o Ty -

ot BIME™ 80% Hx 2| SEU}LC

Of SHYHO|FIF Lol emulsan?] =40 HEQIXIZ FHobell = =
oAt Sx7e s50of Wet o™ HeoF Y =AE &elsior 5104 0f ol
= emulsan? =240 2oE = THOM HE2=L) BHATHE S| 5104

—

emulsan M2 EAHSE6H=E AR 3 E HOf LY.
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24 ==

M 4 2.

[Ih
[

1. Acinetobacter calcoaceticus RAG-10| 24210t Emulsan@l AlgHel M=

(2 Z89 BAS J|22 ZIFo2M HEIAZ £ UACH

2. Algtst TAMO0] UHEE  Emulsane  oil/water systemOlAl A2 LIS

emulsifying activityE LIEILH AL}

3. Emulsan® X|gt£HE2  decanoic acid, dodecanoic acid, dodecenoic acid,
2-hydroxydodecanoic acid, 3-hydroxydodecanoic acid, tetradecanoic acid,

hexadecanoic acid, hexadecenoic acid, octadecanoic acid®l octadecenoic

acid =22 0|FHARULL

4. Emulsan®| A& LES 3-hydroxydodecanoic acid?t emulsifying activity

of JId SoH AEdl= A= LIERLL
5. 40,0001 72| colony= Ef OpHA0 ol M 20% dx2 d&8= 201

oleic acid?l &EIIxH 80% & HE0| 255 siel =XaAEE

PJAR+ SHHOIE & =olAL)
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I. A &

) S

HfIot HElE 19t FAHTheobroma cacao)lAl Bl Aol =|YPgdEe
2, 03 HAE YgudFolMdes “d4H ISl Folu Ziot F& HS F MY
Ag Aoz Fegsta o,

IR0 MEE 94~%6%7t |2 Mele|=8 o]FolW Awos AN
A Helx A8t mdol Fold HEY Idol MEE 20~30TAHA w7
A|2tsle] 27~33TCollA F435] §8HE FEUSLE o Sod AQY
(coolness)& 71A st SR §8F4E RoEuk”. a2z oy I3}
HElE F2 23 MRo] AlLEo] 234 H3d ¢ oA F=A Ko}
g $2 8ol dHAFE= 5YE A4 "of'

ddo} HEE 28-36%F = 23] HIiEo H%, T3l § £/54 Y
5o} ¥ FLUA 24HE EB5HE(fat phase)S VEH, Idol wE ] K £
Eh(melting behavior)®} &&kel FHHEK(polymorphism)ol] &3t 2 FE A FE ] A
zt, 3o] WY (flavor realease), ¥, B, dd ¥ BEH2} 2 F3 544
dtg Fr}®?

ditzog I3of HElY Ez|Fe|Melol=E R, W (tempering, FAR)
At BhiLN SRR Tol [Y QR4 il ¥HE 4 ~ 6718 SO
&3}, olg{o] UBY SH¥E Hel(polymorphic form)E Hilz A& Ao}
HE Y] EegelMetol= 2o gicta g™,

d3ol WEE 2718 RAT 2ol iz} s1d 3ol 27| o ¢t A
Bt ohel, ole] &4 FAIBIA 3l B MLBELE ALE3}7] 1 oA &
27t A&Hoe JpEEa glon], 2o E A7t A% AW Aot

TR E 23 7] (textual modifier)®} fat bloomd A A EA I do} HE
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o 12~30%2 A7tgn At g3, grel 30%0]4 MWIIERE I Fo}l e
IANA] YL WIANFA dtg FAATIH, V%P oAM= BB E&ARUc]
to] RA|WS IdIol HELY P3(VIEe]l B3V IIBLE HolEy= R
(polymorphic transition)& QA 3}7] wj-Foll X3P bloom HEE& X QAHES
otz d3A  alch ole} o] [xWeo] I3ol HE} 44U HEH
(compatibility)& ZtE RS A 2y o] Ao} MEET} AL Zos
Ay 4 AtE®, '
dtFee F Fo MmEZ €A AHEE FFods #AUY IAR]Y ©R
o] %t FBEfFM (interaction) o]l 248 e Algto] H}™, ol MlKEE F
Jote Ez|GAclel=2e HXE Az @Pe] Heir|y] diolrh melM, Y
F217t ZANE Fpol tIE A2 HYE 8§ Fdo] WelxA H
o3|yt ElY P HMBK(eutectic interaction)} dilutionE U2 43 =,
phase diagram®®, isothemal diagram"®*", Ei8fE 4¥k(solid fat content)® %
5e2 Uehfo] § fx]tel 484 ucisle JEog AlgEHD QP
T2 B F7lel wiet Zdeol HE Y IIFE XFAI7]L, R3Y GHE
X7l HBtAd &
el THLoE A3 milk fat fractiond AWtz EzjZelMzlols 24E& ¥
A7) chERAle] HEHE oA FTo}l HE YL ARME BAAFE o
g Lot @z ZFol vEo] MV Ao By A4z uEEsy
o] wHle] AP A7t PRI A9, factionated milk fatE V7t Z3o} ¥
B3l 233 FF H4ol oixle 992 A oA A U dPolrt
Barna®%-& 20%°14 HMF& 71t 790l ¥myo] Hal g2y, ol A9
¢ HEL A+ Wy ofg o]l g, Timms™e IZAol e |x%

& 30%°)d d71s1RE LMFol 2% a3 ¥ 2 (softening effect)”?} Yoyt MMF

A vt Y (fractionation)dt= Wge] &I 9o, /X



o 2|%t F§2EEo| FFHoE dojun, 0% W7 BFol= B -3%= gl B
-383 0] Uehdria stgcl Paulika®< fat phased] 0% & XU o2 N5t
d 3= Hx|7, solid-solid fat oje] 2§t fat bloomS HA Y4 Qi 3fych
Hogenbirk¥& 3ol wE& x4 M7 dH=AY ARP7 AQA"HE A
o] o= Wide] ejolxjolat ThE EF 4 o}l v uis] 23]y AP}
whelzicla shgdcl

mjetM, £ dFoldE S AYHLE o]Lsty) ulele] HE X 28
€ Uidstr] $3le FAYE &8 AP 3t FAY YEE WE o] o]
ol 3}3td R4, I ¥€&, melting thermograme 7 [, ol KA
AZMAA BE S2AY YE-FJo} vlEH TR 2§54, 23 ¥,

=
TedA Z23E vl 2431 2ol Lol HE L &&AF vl F%
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II. S P

1. A 82l &

1-1. A=
2 Al¥o] A}RY A Fol HEE Y23 A dAot vE(Gerkens Co., Holland)E 3¢
3l ARRSlE oo, FX WS FEHE(E9Tdrt)E AHE-3lgTt

1-2. WA /AW H2 A2

= Ayl A FAWS FEHEHE 60ToA R3A|7| AFFE 25}
x| (Wattman Nob)E o|Ed& 33| AHAY Fo Lo Rz FEE
anhydrous milk fattAMF)Z sttt |2%e ¥ & Barna 5o Wy 83}
o Fig. 13 o] AR ¥7lEE AHE3A] dv &% B 3Hmelt crystallization)
HeE Hsdch &MY AMFE AEE Khf(crystalizer)2 30T2} 20TolA <
AHos FRAUY Fol 1Y w2 FBE AH B&Fo] 4067, 3747, 335T W
65CR 4% FAY BT ARttt F43, 60TCoA HA3] &A1 AMFE
crystallizer(@15X%20, 5Doll ¥ 20~25rpme 2 IISIHA 5 x| HF < 30x1T7L
2 M3 FZAID Fo £I71(W:20XL:30XH:6em)ell ®ol &-27|(LT1 600SD,
Eyela, Japan)ollAM Z 33 3ttt 2§3A ¥ E(high melting fraction : HMF)2 30
TollAl 24A|L0] X ZAAZAIZ|ZL UA ¢ filterpress(Order made, Malaysia)&
o] &%l A RslGgoen F§A HUE(medium melting fraction : MMF1)& HMFS

2|3 ES A Y 20TAA 24r|3e]] BAH ZAHAA filter pressE U2 o2}
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Milk butter Dehydrogenated milk butter
at 60C

Melted at 60C for lhr
Cooled to 30T with slow stirring
Crystallized at 30C for 24hr

Seperated with 45-50 bar
by filter press

7N\ /N A\ /\

( HMF )

{~—— Crystallized at 20T
for 24hr

Precipitate Filtrate

( MMF1 )

{(— Crystallized at 20T
for 24 hr

Precipitate

( MMF2 ) ( LMF )

Fig. 1. Flow chart for fractionation of milk fat.
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5lod REESTL MMF1& &3t &2 Y& thA] 20CollA 24435t 23 34
713 43} o3l MMF2R slglen, HFAHLE F2|3tal -2 liquid parte A
3 YE(low melting fraction : LMF)2.E #}4icl.

A=Y |2%W ¥E HMF, MMF1, MMF2 9 LMFY &< 4z 84%, 10.2%,
114%, 710% 2205, 4 TolM B B 4Pl A&t

1-3. 2% HE-I23ol Wy TR A=
Y8 KU ZIol v} AMXYE AMFY #A1% & 2z} 955, 90:10,
85:15, 80:20, 75:25, 70:308] v|&= Tt FUIA ZUAA FF ol AHESHE

2-1. A &R 2] olNYY §H4
2 AdYe] AHEEY /A1 AV} A0HETL 22E7 W FHE AOCSH
of &%to] &3 3tArl.

2-2. A4t 24 24
AR ®xd FAdeol wE, AMF ¥ /AW HEY APt 24P gas
chromatograph(Hewlett Packard 5890A, USA)§ °©|& 3%l &R stdr].
Morrison™ 52| W¥of wel 28X 03g& ester¥ 44 flaskol BYs| 23

05N NaOH methyl alcohol8#¢] 5mi€ 7132 Q27§ H2tsle §3o] &4l
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of FYYL ‘o] Hull7lA] water bath golly ZH¥StATL

B2h7) B2 H¥E 14%(V/V) BFs-methanol €9 7mlE 715t 283 v)FA17
¥ hexane 6ml&E 718t thAl 1£3 vlFAI F BEAsACt. o7]o] AHGES
X320 % hexaneFol flaskd] H F-¢lofl ol& wiztx] =Y ¢& sl

hexane® THg W= 33t A3 FL{FANUEROR Y4t x|t 248 &%
2
Z AL Table 1.0 Yeh i),

2-3. EglZelAlelele 2 &4

2 Aygo] A18E AlgfAY ErjFelAelels 242 APPAE 23 S A
Zto) gas chromatograph(Hewlett Packard 5890A, USA) & AH&3le &Asiolch
A2 §3 03g CCLY o AL 10g .= HASH S§F L AEGEB% wwE
stden, Alre] A AMe] }FLS GollA At A4t 24 SFFUL FUE W
o2 &Aoot triglyceride £284& VA7 f¥ £4 2B Table 20 Yehy

Ach.

2-4. AR (solid fat) € &3

Aol AHEE BZte] ®A| IZdof HEY wX|Pol TUH AR A A
¥¥eX(solid fat content, SFC)2 pulsed nuclear magnetic resonance(NMR, Minispec
PC-10, Bruker, Germany)& ©|&3%lq &% s},

ZE A 8ol thshAE [UPAC method o £3to] Fig. 29} o] 60TolA 20,
0T A 90+, 26TollA 24413, thr| 0TAA &, 4 §F&X(10T, 15T, 20T,

25%C, 30T, 3257C, 35T, 40C)olAM 6054t holding & Fol SFCE FAHFHC
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Table 1. The operating condition of gas chromatography apparatus
used for the analysis of fatty acid composition.

Column SP I330( 30m X 02x#m X 0.25mm )
Oven temperature 180 T

Injection temperature 230 T

Detector temperature 240 T

Carrier gas N:

Table 2. The operating condition of gas chromatography apparatus
used for the analysis of triglycende composition.

Column SE 30 ( OV-1)
Oven temperature 200-230TC ( 2C/min. )
Injection temperature 330 T

Detector temperature 350 T
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Melt fat at 80 T

Vv
Hold fat for 30 min. at 60 T

Vv
Hold fat for 90 min. at 0 T

\V/
Stabilization 40 hours at 26 T

Vv
Hold fat for 90 min. at 0 T

V
Hold fat for 60 min. at each measuring temperature

Fig. 2. Tempering and stabilization procedure used in this study
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oluf o{Z SFCE ¥y fA|¥ £Y-d 3o} Hy ZYF2 isothermal diagramEs &

& A3 2 W7o B4 ulasidt

2-5. &8 dMXE(melting thermogram) &3

dgo] AHEE A ERAW EYR2 §8§& 5782 differential scanning calorimeter
(SSC/220C, Seike Co, Japan)& ol-&3ted AOCS P& &8sl FAsldrt 7]
71+ indium 2 gallium& ©|-&3td XE JFem, 2XF FHASH] #tq FLAE
60 m/ming] 4= &3 2yl & A& 7~8mg& Al&F aluminium panol ¥
2 YEsted SFC &3z $YW IUPAC o] mel Aelsla ALgsigct 71d &
T ¥ -40CoA 60CT7IRE Mq3td 2, heating rate= 5 CT/min & 3Sl&Ch

olm} @& thermogramo® ¥H 2t A2 $¢ AW 2Eo dUNF Fstach

2-6. ZFVEY S5

< A8l AH8-H F2Y ZRFele BPE0]Z (Olympus BH2, Olympus Optical
Co., Japan)& olg&3lo] [Asidrl &3P ABRAE Vaeck™'s uhyo] wal
slide glass #Jofl U Yojxmeld, cover glass® Go] 0 TollA S 743}
3, 3F 26T oA 3H5E BBY Fo] [AS, Ape AA 2ol wre} 40~400
ujoll A B gSIATLH

BBl AMEH 23S Table 33 T2 ETWBE FX| W] U2 MUY E
St oo IdFol HElo] st B ETE oA H

=
Z% FR|Y-I3ol HE ZTURFES A Al 23RS ARSI, 4BI 7]
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2 493t 18~20TollA 10d 2 B X Al Yo &F A2 AE31oT]
BeAre 1232 AL FAANE 5ot 238 23o (Y YKo Fx
(hardness), ©7l(waxness), Al{% Z(coolness), ¥E=2]&(smoothness), ZHZAA
(brittleness) 5ol thdl] RAjsie wlz FAsadct
2} &of cf3s] Idol HEE FIISI MY ARE JELE ¢ ZY A&
“+ 37, 9 AL “—3"HLZ Il 1HIHE 7H FAHel &3l vjm H)

st it
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Table 3. The chemical ingredients of chocolate.
(unit:%)

Concentration of milk fat and its fractions(96)

Ingredient= Control o 10 15 20 25 30

Sugar 405 405 405 405 405 405 405
Cocoa paste 180 180 180  18.0 18.0 18.0 18.0
Milk powder 160 160 160 160 160 160 160
Cocoa butter 250 2375 225 2125 200 1975 175
Milk fat - 125 25 375 50 625 75

Lecithin 0.5 0.5 05 05 0.5 05 05

100.0 %

* Cocoa paste : 55% fat contained
Mik powder : skimmed milk powder
Milk fat : used milk fat and its fractions
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II1. 23 4 33

. ANEFRY o] HEFH FAW FHY HY
AEo] AHEE R HE, 230 HE Y o|NYA HFe 44 B Table
481 Zcl,
| x 2 HAMF)2] At%8Z(open tubed melting point)= 312CA 3, §AUS &
Ysloy M=% HMF, MMF1, MMF2 ¥ LMF¢ €32 22 40.6TC, 3747TC, 335
C, 65CE YElyton, F3o} ¥jE&= 33.3CAL
olg} 2 [FAW VEY 3 ©F= tiE E12EY 48 ZFAst o] A
o]F Ro|i ot} ols FFH AR WHY Xolo ¥t I B Aol
71U Z1eE ABZHEch ol HAdE xWAtd Ez|ZejAMlelol= A H
3loj T H8rS nlx|A ®Hrl Bama®5S AMFE Y3l 82 Yo §3L
z}z} 4307, 33.97C, 180T H 2, Kankare®™: 2t} 40.6T, 358T, 22.3T, 12.2TH]
SxY YEg 993, Fjaervoll®"& §3o] 282TQ #xwel A 3807, 221TYA
HEE dorlan B asidrt ¢ Solvent fraction 8 4L §x|u} YE A
of BY RIolA $o] 3243~3446CQ) AMFE & RA% YEe F8AL
390T, 24.1cgtia st B3] YEo FHol FhU4F aIA YA ¢
< F715tR, AMIFAgAta X3 24t B2 24N, olay A2 FAW

YHo| 28T i) A8Y =L olxpz 2HLYcpB~N

FA1%, S2Y HEW ZFol HE Y APt REE 4 B = Table 59
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Table 4. Physico-chemical properties of cocoa butter, milk fat
and milk fat fractions.

Acid Peroxide lodine Melting

Sarnplesn value value value point

(KOHmg/g) (meg/Kg)  (g/100g) (C)
AMF 0.51 3.03 33.0 31.2
LMEF 1.33 3.39 43.3 6.5
MMEF2 0.45 2.53 31.3 33.5
MMF1 0.39 2.11 26.2 37.4
HMF 0.34 1.34 22.2 40.6
C.B 0.6 0.8 35.1 33.3

YAMF : anhydrous milk fat

LMF : low melting fraction of milk fat
MMF2 ; medium Melting fraction 2 of milk fat
MMF1 | medium Melting fraction 1 of milk fat
HMF : high Melting fraction of milk fat

C.B : cocoa butter

— 56 —



Jehgcl ol§ zwhate] 24& ol #123] Deman’e] Wfell o3t A
I x]2}Ak(short chain fatty acid, SCFA, C4-Cl10), 2] ¥4 medium chain fatty
acid, MCFA, C12-Cl14), 3 xI%W4Hlong chain fatty acid, LCFA, C16-C18)%! &
X 3}x|erAb(unsaturated fatty acid, USFA, Cl14:1-Cl8:3)2 8 1l}of v}t
Table 5olA UEelG uiel o] AMFY x4t & X3 xpgatzt BX3 xuat
e I 3o} HE{L} FARY +&ol2dx|qt SCFAR MCFA %2 &4 UElutch

Fig. 3oflA] UElt uiel o] EYPog g2 {xw HEY FA it &
LCFA #82 32.37~56.88% HHolMd HMF > MMF1 ) MMF2 > AMF ) LMF
o7 ZtAR wido] SCFAY MCFAE= &4 3.11~590%, 9.52~14.27% B¢l
A MMF2gt AMFXct} S713813 Unz| Y52 2L

EY 23 X3 2]kt §@ere 7t 450~74.83%, 225~50.83% B H A
SAFAE= HMF ) MMF1 ) MMF2 ) AMF ) LMF €28 Z4Asld3n, USFAE
HOMF { MMF1 { MMF2 { AMF ¢ LMF €22 %7314} §3Ho] 2 74
vt YEO % Z4+&F SAFAE 713513 USFAE Z4ashe ZF8E 24t

€ Age Az HMFY MMF1Y =44 5 LCFA2L SAFA ©%2 AMF
v]stey F7lElels, SCFA, MCFAY USFA #32 Z4¥ it LMFelAM &
USFA%F $71519l 3 MMF2%= USFARF 224 ot

Deman “®& #x% £ oj2ety Fido] Y dFollM Ayat 2ol F
S AHHE Qdoy, g EHAWAY @] FUlEgeE 1ela HFYW X
3 xhate] giato] AU, KAW HEY §FH L F7HHAci dtdct
3 2888 HMFE 245 transy X3 2yito] Frisiglen, 183 Ze
Mzelol= F AF Xuite] F7le 3 M3ME 7HX%cin stadch AF 24l

o] #28 & A3IA 7= o]8E Woodrow™S e AF xYate] u]|& =3} x|l

—t
|
4,
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o2 ERIAY 23 APazt B F4& AU dEoletn st

et FRIY Y §Hol ¥€THF AWAF AF AP FF AYA ©
D2 4§HY VY FYE RolA] o WY I1FW X A4t €S F7HH
a3z EX3 AYie BAEE AL H]Isigcl ol @& KA HEY AHF
Zpgatyl FF AUA @3] 22 F2o mel 3 g9y Hyrt dEXHY ¥
HEs Z2%8E Eolx v 2 FAY {2 AF A¥Aad 55 APA €3
of BY RBIoM 2} 08~13.1%, 121~164% BolA £Xsla qcles 23
2Tl e Rof 7= Re HPHpPAAE

U fAY HE-IAot vy TPRY A4t € He §3] gy A%
At R8E& Y vlEEE Al & LR v|lastarch long chain fatty
acid B32 ®A% Hee FriFo]l F7M8el mel BEE Aol BEFE

AL Badony T3 LMFE Z4& 3A ZAstEckFig. 4). =%

medium chain fatty acid®} short chain fatty acid @2 BE A7 F7}

Z29E 2adon, 53 MMF2 37ltolM F71 &Fo] <7t wITthFig. 5).

Nidof] X3 x|ubat g4t HMFY MMF1 ¥7lFolM R¥7tEc} F7isida

LMF 717 A Zastadch X3 24ate] Hib= I3a])ibate] 792} v

che] Atrg Btk AMFYL MMF2 ¥7l3E X3 9 2X3 24 #dje] o
3-& o= o] AH2ArhFig. 6).

8] A3 E¥RE RAYY 4 APatel Ziol vEHLY Er|FeAelol=
132 vid g €A A A=A g3g {3 A0k Jeffery ¥2) B3l dX
sta1 Qlth

TtetA, A& FRA THHLARC] FAY Y& T4 APAL K2y 2

-Z3ol WY TYRS AW 24 WA EelFelMciol= vl AT
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Table 5. Fatty acid composition of cocoa butter, milk fat and
milk fat fractions”

( unit : % )

2 C.B AMF HME MMF1 MMF2 IL.MF
Fatty acid
C 6 ~ 1.54 1.40 1.71 1.83 0.84
C 8 - 1.11 0.97 0.92 1.27 0.63
C 10 - 2.69 2.19 1,87 2.80 1.64
C 10:1 - 0.26 0.16 0.19 0. 30 0.13
C 12 0. 04 3.22 2. 80 2.50 3. 41 2.30
C 12:1 - - 0.13 0.13 0.18 -
C 14 0.11 10. 28 10. 59 9.93 10. 86 7.22
C 14:1 - 1,67 1.10 1.29 1.58 1.61
C 15 - 0.94 0. 32 0.95 0.97 0.70
C 15: - 0.31 - 0. 31 0. 32 0.30
C 16 25. 44 29.22 37. 35 34. 05 30. 74 21.29
C 16: - 2.40 1.72 1.95 2.29 2.69
C 17 - 0. 54 0.79 0.73 0.59 0.60
C 17:1 - 0. 36 0. 23 0.28 0. 33 0.43
C 18 36. 65 12. 86 18. 74 17.00 13.47 10. 48
C 18:1 33.17 27.93 17. 47 22.50 24. 58 40.94
C 18:2 2.88 3.11 1.87 2.18 2.81 4.86
C 18:3 0.18 0.09 0.11 0.20 0.19 -
C 20 1.14 0.19 0. 28 0.29 0.13 0.3l
C 20:1 - 0.83 0. 56 0.89 0.76 1.44
SCFA(C4-10) - D. 34 4.56 4. 50 5.90 3.11
MCFA(Cl12-14) 0.15 13.50 13.39 12.43 14.27 9.52
LCFA(C16-18) 62.09 42.62 56. 88 51.78 44 80 32.37
USFA 36.23 33. 89 22.50 28. 71 32.06 90. 83
§C14:1-18:3)
AFA 62.24 61. 46 74.83 68, 71 64.97 45. 00
UNS. /SAT. RATIO 0.58 0.55 0.3 0.4 0.49 1.13

YRefer to Table 4.

SCFA : short chain fatty acid
MCFA ; medium chain fatty acid
LCFA ; long chain fatty acid
USFA . unsaturated fatty acid
SAFA | saturated fatty acid
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Fig. 3. Distribution of fatty acid composition in milk fat and

milk fat fractions

SCFA : short chain fatty acid(C4-C10)
MCFA ' medium chain fatty acid(C12-C14)
LCFA ' long chain fatty acid(C16-C18)
USFA : unsaturated fatty acid(C14:1-C18:3)
SAFA ' saturated fatty acid

AMF :@ 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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Long chain fatty acid content(%)

0 S 10 15 20 29 30
Concentration of milk fats(%)

Fig. 4. Changes of long chain fatty acid composition in the
mixture of fractionated of milk fats and cocoa butter

AMEF @ anhydrous milk fat

HMF : high melting fraction
MMEF1 ! medium melting fraction 1
MMEFE2 @ medium melting fraction 2
LMF ! low melting fraction
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Short chain fatty acid content(%)
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Fig. 5. Changes of short chain fatty acid composition in the
mixture of fractionated of milk fats and cocoa butter

AMF : anhydrous milk fat

HMEF : high melting fraction
MMF1 ! medium melting fraction 1
MMF2 | medium melting fraction 2
LMF : low melting fraction
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Saturated fatty acid content(%)

Concentration of milk fats(%)

Fig. 6. Changes of saturated fatty acid composition in the
mixture of fractionated of milk fats and cocoa butter

AMF @ anhydrous milk fat

HMF : high melting fraction
MMF1 : medium melting fraction 1
MMEF2 : medium melting fraction 2
LMF : low melting fraction
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A7l ARl BAE Y ol Yt EejFelMelols MY TURY AR

2}, melting thermogram W Z% Helo] 9% n|d A= +5Hrh

3. EglZe|AeloleE 245 By

Ao} WE, AMF, HMF, MMF1, MMF2 ¥ LMF& EczjZe|AelelE 245 &
B¢ Al Table 60 Yehfgich

gAYy §Ay YE Idol we EFelMele]l= Z44& Sonntag™Y
wiiof uwlel FRrA4IT 26004 347tx|d A ¥E L short chain triglyceride
(SCTG), #%t447} 3604 467txd F&3F medium chain triglyceride
(MCTG)Y 4804 5471x]d 2-§B2 long chain triglyceride(LCTG)E wF 3}
vl 28tedcl Fig. 60l Uel vlg} o] AMFS] 34 Ec|ZelAelel= § MCTG,
SCTG §£3& 3o} HEe] vls} Y2 A LERKICL

Fig. 7oA Uehd viel o] £ of o3 MPH /=AY HEe E2|S Az
ol ZA % LCTG ¥ 3447~46.45% B¢lelX HMF > MMF1 ) MMF2 )
AMF ) LMF €22 zZAsiden, MCTGY SCTG: Ztzt 4891~53.10%, 4.63
~12.4% BN HED FHY VY FYS Hojx| aich

#e] A2z HMFR Z4& LCTG ¥32 F71st2 MCTG R SCTGE Z4:3}
a3 MMF1, MMF2ol- &= AMFY Ecg|gelAelols =42 FASHA GELKic

ol Aat /o] TH HAR FAYY HF AWA Bl W "Ed A

imms'‘?e §x|2o= EzlZe|Mele]l =t tiedstd EXEo glon, f2y



Mido]l LMF+ HMFY MMF%9¢] solid fractionoll &3t dojvl= dilution84
o] For& ol §Ho| TR Yo, olFL] APl aojAe B, B (L v
% ZY§) polymorphdtiz #tgdch a8y, Deman®™ e oAz aftes e
FRALE FE 2= SY¥Y Z 9ol B polymorph?t B gria stgcl 2y o]d
{Y ASHY QFE 59 B o= 4238 B crystale] BAEEHE o] ¢
Ao, o2l ¥t X2l B polymorph 8482 4232 1§E 35 X3 Eg|Z
gl dzlel= mjEoletn sttt ¢, Bama PS5 gAY Yo E €2 Y&
o] &3Feo] ez S+ Ez|ZeMele]E 2o = H Xxlo|&E Hol|x] ik
Tt &l A3} xjol&E Rolr|x 3slHrh

2+ A8 ZAXE THOE €& HMF §3o] & AL Fx|¥Y 18§38 Ev

Ze|Aele]| =71 HMFe] EczlgelAeio|= Fof F2H5HA 2T XE o] 2§3

lo

Ez|ZelMelol=gE ¥zl wideleln A dch 3y MMFIE MMR2E
AMF&t FAPSHA UEld Zlos Hol E|ZelAMele|=F F/443te AWty &
Foll o & 8 L= 228 AL oy AL AW 24 2yhaiy
Ec|Zeldelol= ZAYo] T {X|Hr} tidslr] Wi e A gkt
LB ololre E|ZeElMeiol=Y AERE KXY B By B I
A 8% W melting thermogramel F¥& vl Ax2 ALY Rog £&5%
t}. 22y, MMFx EzlgeAelols AR 244t 24 of & o

= RLE Ho{Urh

A, FAY Yol Zdol ¥Ee] FE o F Ez|Ze| A elo]

[t
IN
ok

ak

3 BE AirdM FEJFE Z24AEAR, SCTGY MCTGE 718 &

2& Byrl o] uf LCTG ¥3& LMF A7lFolA tlE& i sl Arjye
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Table 6. Triglyceride composition of cocoa butter, milk fat and
milk fat fractions”

( unit : % )
C. B AMF HMF MMF1 MMF2 LMF

Tﬁglyceridez)

C 28 - - 0. 24 0.57 0. 53 1.00
C 30 - 1.06 0. 46 1.05 0.93 1.78
C 32 - 2.07 1.05 2.14 1.85 3.25
C 34 - 4.56 2.88 4.28 4.50 6. 36
C 36 - 8.89 8.09 9.73 g.37 9.56
C 38 - 12.60 10.18 12.15 12. 14 14. 08
C 40 - 10.72 7.98 9.85 10. 49 12. 25
C 42 - 6. 88 6. 81 6.56 7.01 6. 56
C 44 - 6.23 7.38 6.06 6.37 5.33
C 46 ~ 6.72 8.49 6.63 6. 89 5. 32
C 48 - 8.10 10. 68 8.50 8.55 5.93
C 50 17, 31 12.22 15, 57 13.30 13.02 8.50
C 52 45. 04 12.19 13.78 12,95 12. 41 12. 36
C 54 35. 43 7.20 6. 42 6. 20 5.96 7.68
C 56 1.79 - - - - -
SCTG(C26-34) - 7.69 4.63 8. 04 7.81 12. 40
MCTG(C36-46) - 52. 04 48. 91 51.08 52.18 53.10

LCTG(C48-56) 99, 57 39.71 46. 45 40. 95 39. 94 34. 47

YRefer to Table 4.

9SCTG ; short chain triglycenide
MCTG ; medium chain triglycende
LCTG : long chain triglycende
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Fig. 7. Distribution of trniglyceride groups in milk fat and
milk fat fractions.

SCTG : short chain triglyceride(C26-C34)
MCTG : medium chain triglyceride(C36~C46)
LCTG : long chain triglyceride{C48-C54)

AMF ' anhydrous milk fat

HMF ! high melting fraction
MMF1 : medium melting fraction 1
MMF2 ! medium melting fraction 2
1 LMF : low melting fraction
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Fig. 8 Changes of long chain triglyceride composition in
the mixture of fractionated milk fats and cocoa butter

AMF @ 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. 9. Changes of short chain tnglycenide composition in
the mixture of fractionated milk fats and cocoa butter

AMEF : anhydrous milk fat

HMF : high melting fraction
MMF1 | medium melting fraction 1
MME2Z | medium melting fraction 2
LMF : low melting fraction
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2 4L Fo] AA Yetten, HMF E7iolA Bl T4 Fol A ety
tHFig. 8). ¥'d SCTG ¥ LCTGHE WthE LMF 7Tl & Ho2 3
1€ 23, HMF ¥#7b-olA F71 Jo| vl AHA Lielkrh(Fig. 9). ol A&
218l EziZMetols Z4dolM ¥UH ule} o] HMFt LMFS LCTGY
SCTG 3ollA & xlojl& RV dfE ez FzpHr}

He 22 A2y HE-IAdot vy EUwolM LMF= 1§38 E|Zel4zl
olE ¥FE IAA ALAFI HEFE EZeAElolE Y E ST AR
2H2-3ln], HMF= LMFol u]3lq 21§3H E|Ze|Azleo|=g FHU Z4E A9
71 AR Ec|Ze]Hlol=E A3 F7HA91E AR FL3s HoE o
7A Xt yido] MMF1 MMF2, % AMF+ 4 Ez|Ze|AMgtele HE vl

o] d%e] L o Az}

4. A x| (solid fat) §e] H

4-1) A|BR/Z]

d3o} HE|L] ]3] [ IAA] ¥ (sloid fat content, SFC)ofl &3} =}-%
Brl. & SPLE 25CoAAM L] SFCE 208 278 Z(hardness)& 0|33,
25~30TCo M 2] SFCx Uty ol g3l dA =2 WEEE, 27~33CalAN
2] SFCE=UFA ALt ZHcoolness) S L7A 3l UAIE 2}E3le], 35Tl A
o] SFCe SAIT Azg ZBA$E= Foy¢ 240] A},

Ao AHEH Alm F2|8] FE|3 F48& goli7] #3 SFH AR g
Table 7o) YEeEhcth o] AR ®2]4 SFC ¥Hi= HMF ) MMF1 ) MMF2

AMF ) LMF ¢2o2 743193, 130} HEe] uls] of-$ AnistA A=

)
B8 RArkFig. 10)
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B AgelA Uehd Zabe fx%el 24l SFC 947 RaolA Uehd Aabe}
FARE ol PR 0D AME gl gAY YE SFC ¥ A3 ol Ul
O o] wstel 2 AWE Btk ok RAMY EY¥os Felay Hyo| A
3 HU8e HAFE ZoE, oldy Wi B¥ol g5 fAue Ayaw =
el2eldetol= 2ol W3st doly] wiZoln, ol §83 Ao FLL 0l

= Qlzxle zL31A S }oRABD)

4-2) FAY HE-I 3o} Wy EUF

gx4ro] Aol HHo| TUHE Ao Y& Y 212 phase behaviours
24 §x9} 4N $x9)e] FHEE ¥R Yehhe phase diagram F-S
isothermal diagram2 2 M9 Y #x18] A=A garg 718ez agAr)
O ola gt Aok TYRA 3 SAAZ AR dilution® B TAMx] ko] A
¥ AX¥H 2 (softening effect) Ex= F-&3AB(eutectic interaction)ol] 2%
incompatibility & ©lsf3t=tl o] &E 3 i

|25 HiEo] Ziot HE e aNx| §Fe] vlX= F8E Uo7 HI 73
u} WES 5%, 10%, 15%, 20%, 25%, 30% v]&2 IIo} WElo] HIAA &H
¥ SFC k2 Table 8ol UEhRYCTE Fig. 11olAd B ulel o], AMF 7180l
VY4 2 &3 =2 SFCI/l I Fol HE L} Zo] AR v &2 HAFHE
%

g Hole AL FRIwel Iddot HE L] B0l Ficie A& AlAPSL
TUY ¥FY /AW HEY AZEHY vlzdlAM 5% AMF d7l7et fApg

R< 5% HMF, 5%% 10% MMF1, 5% MMF2Z, 5% LMF H7I+&°l2di, 10%

LMF 27}3+= 10% HMF, 15% MMF], 10%% 15% LMF X7k t-5°], 15%
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Table 7. Solid fat content(26) of cocoa butter, milk fat and milk fat

fractions.
Terperature("C)

) 50 100 150 200 X0 0 25 350
Sanmpies
AMF L0 LB XHV4 1473 815 394 212 032
LMF 9]l 1R 0 - - - - -
MMFZ BN HA@B VO 212 1184 558 363 1.31
MMVF1 7 6% 604 4330 2408 143 1030 597
HMF DB P& 413 &H 412 Xd 203 1460
C. B LY &#40 BVI6 4D 63 448 13B 1.08

YRefer to Table 4.
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Solid fat content(96)

100

25 30 ' 45

Temperature(°C)

Fig. 10. Solid fat content of cocoa butter, milk fat and
milk fat fractions

AMF : anhydrous milk fat

HMF : high melting fraction
MMF1 : medium melting fraction 1
MMF2 : medium melting fraction 2
ILMF ! low melting fraction

C. B ! cocoa butter
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AMF 371 15%% 20% MMF2, 20% LMF #7178 {AIR 28S 24A
t}. o] AolA 5% 10% AMES AMFS S418tA Y tia Foistdn, 30%
A 7tZo e LMFS H ¢ BEFojMq AMFET} 243t 2o Yeiylch

X HE - Fdot vy TYHFE phase behaviourd] WA= isothermal
diagrame. 8 vlasdlgden J7|FEE &uidt= 2X¢ 25T¢ isothermal
diagramo 2 H3HE Z A Yr). Fig. 12~14¢] isothermal diagramolA -§x]ut
Y2 Hrlekel F71gel el AN o] ZAAEHE F Y-S 2k AMFS

LMF 37l R4 F%el #AI%a, HMF, MMF1 % MMF2 37l3te ol

F2% YEo| Mol wE WY wlay Fig. 15014 LMFE 0~30% 3
N EFolM JEReR aHE YL B

Bl &2 ZAEHTIZE 30% B7HolM IA ZLAEZATH A HMF& 15% A7

44

3, AMFXE LMF&} o] dA%:

Tl AMFY SFCEr}t 3A ZAHAZI, MMFIL 25%, MMF2& 30% 271+
AN A ZBAHE Z¥L BAch

Chapman®§& I io} WE Y] tig@ite] B AFolM Faute] Aute o
2l isosolid diagrameo] 4B Y vl &2 Z4HE 22 EYUH fat systeme] AR
7t QAR difeln, o]l U AW HEY AIMF EFoA dHEII Y
EtuiTi sttt oleiyt ¥4 258 RAlo Ay F&ALRLR Er|Fe|Aet
ol=eo] AR} WLs] wRejetn gt Bama®F L FAW Yo 1A
o} M2 FEAEo] plA]s PRl YU EFolA HMF= A E8(10-20%)4
BI7tFollA F§28o] LUelsta, MMFE tif&e] ArlFol e F§3H8
o] BEEALH, IMF&= ¥& 3712 HJlsldx F§2-82 Leha] ¢falr)

2 stdch ER, Timmss fxw-3dol ¥Ee ZgSola HMFE phase
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Table 8 Solid fat content(%) in the mixture of fractionated milk fats and

Concentration(%)
milk fat : CBY
0 : 100
AMF 5: @5
10 : 90
15: &
20 : 8
25 T
0: 70
0: 100
IMF 5: &%
10: 90
15: &
20: 80
25: T
0: 70
0 : 100
MMFZ2 5: 35
10 : 90
15: &
20: &
2D: 15
0: 70
0: 100
MMF1 5: &5
10: 90
15: &
20 : 80
22: 75
0: 70
0: 100
HMF 5: &
10 ¢ 90
15: &
20: &
25: 15
0: 70

YRefer to Table 4.

cocoa butter.

0.0

83.80
84.65
8241
80.34
17182

7137
7541

83.80
83.35
79.23
74.62
71.18
67.33
63.90

83.80
8.69
83.86
82.13
82.02
80.85
7863

88.80
81.21
86.48
8.17
84.51
83.89
82.83

83.80
86.95
86.33
86.17
87.01
80.70
84.90

10.0

84.60
79.03
76.11
13.06
70.83
70.20
59.30

84.60
78.32
13.42
63.20
63.77
58.16
4.88

84.60
82.00
78.15
75.84
75.62
1406
72.16

84.60
82.44
81.66
79.81

18.42
18.37
71.14

84.60
81.33
81.21
81.06
81.87
82.03
79.63

Temperature(°C)

150

79.16
73.30
69.41
63.44
57.%0
25.50
52.47

79.16
73.13
67.79
62.76
07.68
50.90
44.57

79.16
76.00
70.83
64.76
63.90
60.21
56.40

79.16
76.44
75.79
7092
64.63
64.44
62.51

79.16
74.70
70.43
63.03
69.24
63.91
65.94

— 75 —

20.0

74.35
66.96
62.51
.40
43.98
37.71
2897

74.55
67.49
62.01
.43
20.62
44.22
37.33

74.95
70.03
63.37
o4.27
92.75
45.00
3147

74.55
70.36
60.18
61.72
44.73
39.04
32.94

74.55
67.65
091
41.70
41.56
3B.59
31.69

250

65.53
56.37
80.78
44.03
35.89
29.55
15.89

60.53
6.23
49.36
42.88
36.32
29.83
24.66

65.53
3941
51.86
44.66
43.78
36.88
14.66

60.53
99.71
38.04
S1.13
34.84
22.06
10.94

6553

.64
01.20
37.40
20.02
14.72
12.30

30.0

40.83
34.64
30.39
24.62
19.47
16.74

8.80

40.88
34.19
28.96
23.92
18.46
1411
10.86

40.88
36.60
31.33
20.24
2472
21.21
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