GOVP1199904525

679

_ 129 3¢
S84 @ FAZY ZY2HE

AA Ado] B A

Development of cholesterol
removed milk and dairy products

Fo A7 H  AFEYE
d5dT+718 : AFHRE

S

A=) ea



FEF B A%

2 BINE ‘8 L RAEY ZY2HE AA BY 477
HFRIAZ AEYUch

(M%2HA “1. B-cyclodextring o] 8% ZH2AEE A Uy A7
2. Saponin@ o 8% FHAAEIE A VY AT
3. 2aA S 22l A% fALe Y 3§ Fd2dE
AA B AT
4 B4 0 AN BY @)

1998. 12.
zBA77BY ¢ AZTYR
FATMA : # 8 4
da7d: o¥d
YsATABY ¢ AFchR
LR DI
Ysarsey : A3ua

¥
oft
re
44
2
n°
N

Ao



KO
42
[0

% W RABY BA2HE AA Age] BY A7
I, a7 /g 53 94 Fe4
b 2 A7AM B4 0 304
H2 FU25Y Fvlol wet AR alo] A RA A7l A

2ot #ibsol 7l e dEelth 53] 4§ 9 fAEY 4ns FEsid

3, folERE xqlo] olE2r7ix] de] AnlElE AL fHAT oA ofgko]

fid

ZH3l3 cholesterol ¥ T v yoLl HE, Ay, olo]Aaad A= SO
2 7F8" 3% cholesterol §ato] uf¢ ZF715tA Hol, olE AE2 zjr} A
Mol ot u¥et, FHZAY, BLFUZENZI 22 A3 L B AYPo] F
7t 227} ol whebd Ro APl W3k cholesterol §aFL A3}
st} FAIES Austs 2L FNAZ W B ol 982 ¥rvhA 84t
8 FHANE FaY oo} glcta ¥ 4 grh

2 gt te g ol 83} gol Wafsh= cholesterol
2 AASN: ZAA PEe 7 HAzAE sy,
cholesterolo] MAY FAMES /ush=d] B3 Fack

HZ AW IelN drt Ny

o3

3
o
Hdo
o
{4

od
o
3]
of%
o¥
o

fd
2
fr
o
o
¥
do
kS
12
=
lo,

cholesterol & A7l YPL2E 7 FAEE gF =& AN A4



7l YU cholesterolhS HEjAog Zasle WHes 1EY + A

T SR gFE LA S SAHEY Yoot 27 A4
A F 712280l Atz thEo] itk whetd fx|wel v HRof 80x,
Boll 20% Y=ol & cholesterol & AHEizog ZtAX 7= whdo] tigt
Toll ¥dol Eopxln ik, ol WHoME FEA (B-cyclodextrin,
saponin), cholesterol &3} 4ol 2% 3 Y 9 stean-strippingdy] 5
o] glch. eyt o] Folol tigt Fule AF P AEY AFolm A
cholesterol &0l th¥t IS A4S 2253 Y& 4FojlE2z B o
o 2 of¢ Fasich sp2lct

2 479 Jido] UntsiA AWHCHH, tiPyt A cholesterol FA|Fo]
AtE]o] AL BAE AFol Muse fU1F AE YAAIE=Y F
23 S ¥ FAojrt
E FAFAYo] Sl AFAN Y] JHesld FAIFY £YL HLaYE 5
2% 7HsstAl ® Zojch.  elx 3 Aol Ao INAZE F8
¢ AYE Jiviegs oY) giEo] g ol$ FRsicin AlE o)

t}. B-cyclodextring o]&3} cholesterol?] #7of chdt Aut

7 2 RAZFS A QAAELZ 229 Ao Ha4AH AlEo
£ z2& ek ol&EHol #REol Uk cholesterol S MulolA W4el
BRI ol2] §Po] HEl, I, ofo]aay, X2 F RFABAMNE m$
®7] wiEol JAFUF T AUBVS Uy sbedol (Us wiEel
cholesterol ] H|A+E vff Fa38lch. 2#AM cholesterol & A Astai: Wy

gol U=} AT AsHo] oy} obal Aelzel HAYY WS A o



£ Ad3olrh

2 2o FAE o] &Y cholesterolAA ¥'Y & B-cyclodextrino] 2§}zl
awialo] AlAEo] o] F /et Yl Sl cholesterol#| Aol A& AZict
B-cyclodextrin® cholesteroll H&, ZA¥Ysle ELH S Z: HUANE ¥4
stAl "2, YA E EAAA 2eAA ¥ 5 qdrh

B-cyclodextrin® B4 ThFH 24 a-1,4 glucosidic linkage® ZAYE]
of glom, Ao glucoseZt 770 AYEo] ot ERE ol ggo] W
o} gAeloA 4A 22y 4 th  B-cyclodextrin® A o] cholesterol
o A718t AY vl A4 UPFVolBE vl FAKI cholesterol 3}
2 Ayslel YAy BAEETE 200CY dollz ¢HFstct ¥ FEHE A3
= of$ HAS] w ol Atgol A7 ik dEAd & A= A 1Abd R
cholesterol 2 EA WS w3t B-cyclodextring o]&3 $-F d 339
cholesterol HAE I A 2AL HIITL A 22 EAE b
-cyclodextring ¥E317] 21 HF 2AL HYY F, A 3Ad=ds
cholesterolo] AAY £ % |AES ddsisl 2% 7o 53g £
1= 3

t}. Saponin®] 33} A2} cholesterol?] Ao} cidt At

Selueteld e 10~20d A = HPge Wdes wupFolt MUY
Aggel & ul3E Xz ey HIoe F
oy MITAMZ 23t Bgol Frlske FAME Holx Qlrh oI, /Y T
MAFo M e A2 o] Abgiclel 148 x|l lon feueloMx
&, MEFol ojo] ALY 3915 AXFIEE olof iyt Aol EolA|I U

ch

[e)
Z2e] ddes A7l WHS

-

SuANE Joyj= ¥ HYJOZE cholesterol?] Jrld3E & +



olEdl, cholesterol 84 Al&ol a5l iR sterol F2 AN 7]
S AFo2 RfAshed B4R dPLdes Ersia iy B¢
28, U, Y FEH3A 22 AP © oA ABL Kyl |
ol Aol LA e B ciido] Hol ) ol YL IW4S
o] F7ie} Al Ag%o] tigEH 53] +F o FAES $AF ¥t
715t e SfElvetilME ofe ohdth HI umFelde 199499
Nutrition Labeling and Education Act7} H&ZEo] A|Z FAolq Halgs B

E AE2] XFL7]|0] cholesterol ¥3-& LJFHoE HAFIESF Fof glcl
utgbd A9 o GeddIEANE +F L FAFA H/E cholesterol
& ZAAFIAA ke @77 By ARE ooy, ofF Fuels ol
dEo] mu|¥ AFo|ct

a7kl 7 2 FAEFY cholesterol HAE 93l AFHL o= B¥YF
ol B3] FAAE o] &3 cholesterol HA HHLS rlE o] uls] H| o)
N2y HA B3, giateid g IA HEHATIA] dols A VY {3 d e
Bateiele]l ALY 4 ol FEE AUgch

ol F2tdl F B}}el saponind SEMY W 6%tdo] steroidal W
triterpenoid aglyconeo] Z¥=lo} ol WIYAM 2 cholesterolz} MEjHog Z
Usto] micelle 722 B84 HUES P¥3I2E AFAEY FL& 3
712 o3, dAEeY AdAE B AFERH JA U 4 gled, R
ANjoj QtAslmE AE 9] cholesterol A AA 3§y F2ataje}l ¢ 4 Qr}.

uwetd, & @3- saponing o]-§3}o] cholesterolo] AAY ¢/ U AYS
70gst7] e8] 94d cholesterol?] B Y& ¥Y3laxl HPLCE o]-&Y Y
2} v MR S o] Y cholesterol®] 44 AarabN g 7iusld T, saponin
& o]83% 7 W A9 cholesterol AAE #R AFHZAS HYsiYc}. &
&, AdHA Y BAH AEPYE 223t saponing AP EHIN= AFE £33



gl YA olilsietLo] ¥ AP F22Y W FHLHE AA

s

FAYE AFFHA ololaaY, 2FY, AxF, HAF, £EY B
Bof, 2AZE Foste ARE ol&H 23 Adch fKAPYL 97~98%7)
A=A & ¢
F3 Ach FAYLS Fo 2009718 APaes FEE o {Aye
B, 3y gAe ALY shaset EXMT ostd AR WL} &
e -40~40TolH Hon 1 33 LEAE I3 ANt ZYER
%t FollA 70wolate] TANBLeE EAH] wiiel W, AYH Fol

triglyceridesoly njgid B o g AdE, Fejr|w4at 2z

fd

]

spread® o] §3h= 3¢ U/ (spreadability)e] Fx] X & 7HA2 ol
t}.

YL HF {AFA ¢4y Fol, ¥ul, RS Foysix|nt,
FAge] Holgt ey ¥ & AFA, 2 AP, € HeY ¥ 52
o] 7lxl AFe] FrHER AHgske Fe A six] EAEE ¢z gt
wetd RS 2 HIRIE dee = Bel, A BHS #Ha,
FX3 2L b go] 2 Yo Fsleof Hrh

BH {2 Fo 2HES HAYNESA 3 F Bx= FaHEolrh. &
) Zo] FY2eEL Felel, AP lipoproteinzt AYAe] eln
Y 26E ol2E T 37kx] ez EaPch FAWS PABY Yol FHE
FHLHES 0.25~0.4% ER32 o2 AHIFY2HE FAEFE EI o
AME KA 39 FU2HES 90% o] A|Aste{of ¥ct

2 dFodE FAYE 2UA oAYRIALE o]f3ld FE2E, ¢H,
A& Helste] dniAlel oluiAR Rl WAt =g Eejutd



B82S FFsdrt. =W drid HelodN FHAHE FHpo] U= Aew
g g27tA] FHAE duste], ey FA2EE Fsol ¥ ez
&332 florisilz} vlasly] $isled, FBLE 40T, 23YdY 276, 345
barolA 3 E&= 4| T FESIAA FAAL] /Y, dAAsE, wgEE
FEX ] T E FAY2l 2, FU2HE ¥, AP 242 SFsAct

op. S8 W A5 A FHF cholesterolo] AR A3} ¥E Y
Ay

stube] A=A Fol 'HEstY] fsliM= o ©AS AXo} sixgl, 1 FolA
M ot € Zoprt viE B Astolch 4u|ait dste AE 4P
spepsta ofHof gifo] MAEFS Este AL Jldol A3 At U4 =
Rolth. AMFo] Zolol ¢ FASHY, & 2Mxje] J2Es} ¥ 7Hs%8ol
REe FASYE Bl J1E EEEY3 vlasty UAEY V357 oy 4
ZAbshed e At F2440] gk 2y A} HER
59 3= e} AHEEHE FeHAL WYY T/ olouje} LojxEe F
Bol go] depxich agng S5 Algd Hey FehA 298 A
RE ol Fasich FIAY o] 24E0] 7w U4 EH Hodsis sy
ol AP T ME 5EE Friste] AUAZ 7loiste Az vje A2
1= S 52214 )

NI &7 g o Hs

2 dF3AlE 8/ » FAF2 cholesterol AA Ade] A A7EA

A 1xpd o]l cholesterol?] FLEM G 7Usl3, B-cyclodextrin?} saponinoj



2]3t cholesterol AL HH2AS ¥ s, 2UA FAFSUel 4T {A
W Y HAste} fRo RAF 848 € BAAY J12E H¥YYclh A
2xPd =0l M= B-cyclodextrin®] 2|#-& 7Hs/d-& ¥33lal, saponin®] 1F 3}
of A UL 313, 29A /A FEYS AT FAA AP} Y 23 ¥
Y 9 TsHAad A2} AAF i 248 W AeFA2HY FTRE
AAgcl 323 A 3AdEolA e Al Hel] AU S sl F,
a4, H33d, v AUz} B-cyclodextrin f&-Gof A EFANZIF P&
Y3t A4 H2} cfFANE A, 4njRt 7|3 E ZALE AAIBA
£ 472 53§ <43i=F sich

o 2 AL g R B 4 A AR E BRI vl

s A7 AU

27344 712 A7 2}

 B-cyclodextring o] 8¢ AFUda 3% WAL (M)

cholesterol 2] A} Aof ch3t Q3

o Saponing ©]-&3%t cholesterold] A Fcidtal LIFL(FFAT)
A Ao A g
o ZUA FAF2Hol ¥} A Foha o gni (2l =})

cE24 U AN AZcheta AW (2}




Iv. dFAdZ3 4 28 tfg 49

1) A 1 AP} AF+= saponing 0|83 cholesterol 2] | Aej
M saponing] 7}2jo] YR &3, cholesterold] A A&o| Wolr Atelste] 3
271710l FA sttt AlgEo] A 1, 2 Adxe] dFANE ALATE
F724A2Zct. 32y B-cyclodextring o] €%} cholesterol®] A7 &o] $82}
3y BFA nff }B3l A 3 Apdxe] o] HYAAE o83l 2F
ofolAa gz} WE Y itqdstel YYALE o] &Y FMolAY 1gdsrt =uite]
7Fe3t=§ A7t dax et

E3 cholesterol & HAY $HE o] &3l iRt A7 715489 ¢/
FAES MUY 5 Ak 2y A 33 Ao g s olge A3t
A AJE F Qodch wefo] M2E 3de] A3l FojAri,
cholesterolo] A|AE| A7 Lol3t 32 7Y, cholesterolo] AAF L
8 Z cholesterolo] ZtAM QFE2E9] it g3 cholesterolo] A AH A
A AR 2] AY Fol wARol Jule] Aol mi¢ ApHolm, 9-Fe
4H]7} &35 o] Ystdo] o slostel2}t Alg€HL)

2) A 2 AN A3 72t - cholesterol EFS A}
Hog FEM¥Y 4+ A= WHY HPLC iz d43gE ew
colorimetric method& 7Qdstdct. o] F UYL recovery test Az} A
B4zt AAdgol 3, &AM 3233 ¢lolE cholesterol F
2% ANHoR o £ gong & YUYERT ALsiA ANE Y
4 altl. &3 colorimetric methodi= HPLC W Yo wis) AU X2 9
ofx|z| gk, 271l Fu| ¢lo] A&stA FFol stestng EARI o] &

o] 7tsstele} 4™t



Saponing ©]&3t @f W AY F 2 cholesterol & H A= A Foj
A€ free saponing °oj&YU Z ¢ {4 Y BFoA A2 70~80%2
cholesterolo] A AXqct. T2}, saponing] 7}Zo] :7lo]lmT AAA
& 3l33te] saponing A= AFE $%YN AHML, free
saponing o] 83l §§3F 9] cholesterol & A ATIA S wjoil u]ste] 20~
30x2] cholesterolRto] A AR o g3 ye Azg Ueldct. awA
ol& 7HH37] Hste] P2 Yio] Wet olof it AP 2y
A7 ol=Fxe AN VYA F ¢ 2:H/HF¢ ATH oo}
ot Atz mely o oo tiyt A2t & o IYsdciw 3
34¥ saponing ©] &3 A cholesterol ¢/ X HAHF Aito] slisste
g} ¥ 2Zt9c).

3) Al 3 AFAAAMY AFL FAPY F248L2 F22 7o) uie}
it en, R&2xe Fvtel wel #asidrl. SdLxdA
A F(C4-C8)2 FF(C10-C12) A WAELS F2E EYSo 25D
TZE FEANY Folel wat Zastdoy, n3F(C14-C18) A watse
FEUFE Yol s3HATh FULEAA I EETAAUNE
FEUFE, IIFEH} APAELS R22E EYESH 33U
AFEXEAYAE} TFE3 APUEY &S FE2VFEAN VA3

S

8]

Mo

SFEHAGAEL] ¥ &L Frlstdch. dwA 2 2o vldled olniA
3

Mol oojd Hrl 52" EUEE odg 4

_10_



odolct.

2% 294 oldyYLE FE¥ ¥ FAHE FAAA
Fa 2" Eol AMAHZR, =APak 2ol TiE [AY EYESLS ¢
#13tof, ZA2HE FAsol A= Reg gy g FHMES
Adejstel, $E2% 40T, 2 276, 345 baroA 3 E& 44 ¢t
FEstdA FHAe FHE, dAIANE, v&EE AP ofE
FAYY +&, FH2HE I, AYYL 24 E FPsiATE FAARN
B -cyclodextrin,  talc, celite, florisil ZolAd  florisilo]
FAYezRy ZH2dHE  AAL AR wUrh  Florisil
dx1as1ds ZYAHE A ALL 30/60 meshy} 71 E4on, 2 e
100/200, 60/100 mesh o] tt. Fx]%of cist] F2tAo u]&o] o
ZA2HE AL 2 Wd, AWy £&& pLHdEd, F2Y
TE&E FolHA ZY2HE AAZE ol AsidE FAY F2AY
v &2 20:100] FHgsigcl FESEYEY AYat 24 E F3 A
AFAPAES 27] FEE EYE HHUADR, 2IFIAYAELS
FEUAFE Yol sH=UCt oy AA2YH YA 22 ¢
TS RAYezRE FH2dHES AASIE FAd AZA WAL
SEHRALL, HEY, YAl 53 SHES €& & ddrh

4) A AAFAA AN d3LE FeAAYE MFsA ¢H o
FAFL 2L FIAS A, 2 FY2HEC AAY AF gl
Boists Zojtt. BHFALLY FdoldEe 8§, ololaay, 3Y,
HE], X2 59 ZAAZ} vy AWELA o] FojHA| g, A BA
=X ofe F2YE ATt 223 o] 2YENA incentiveZt RAHE
Zo] uf§ HaHoleta Py

Ed 2 E0] AAY I} HEHY dyoMEe AP FZd2HE

ttio

_11_



AA  zAde  gnsA  o|Folx otolcAYPI} YPAF AR
ol &7Hs sttt Iy MEY Ao HFZFA ¥Yo] oy o WS

a7 e79rh

_12._



Summary

This study was investigated for cholesterol removal from milk and
dairy products. To do this work, B-cyclodextrin, saponin and supercritical
carbon dioxide extraction were applied. In addition, texture and sensory
analysis were also studied. Finally, standard processes in line of pilot
and scale for each product were developed and possibility of new product

development was studied.

Part 1. The study on cholesterol removal from milk and dairy

products by B-cyclodextrin

This study was investigated for cholesterol removal from milk and
dairy products by B-cyclodextrin. A comparison of two different methods of
determining cholesterol contents in milk and cream was examined. The
cholesterol contents from the GC method was significantly higher compared
with those from the enzymatic method (p < 0.05). In the GC method, milks
containing different percentages of milk fat (2.6, 3.6, and 4, 6%) showed
9.52, 13.14, and 16.83 mg cholesterol/100 g milk, respectively. By using
the enzymatic method, 8.62, 12.28, and 15,78 mg/100 g milk were found. In
cream (36% of milk fat), cholesterol content was determined as 108.60
mg/100 g cream by the GC method. The GC method showed 100,95% of recovery
in milk, however, only 90.0% of cholesterol was recovered by using the
enzymatic method, In the present study, the GC method has been found to be
simpler, more accurate, faster and more economical in regard of solvents

compared with the enzymatic method.
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The present study was designed to develop the optimum conditions for
cholesterol reduction in 3.6% homogenized milk by response surface
methodology (RSM). The effects of five different factors such as B
-cyclodextrin (B-CD) concentration, stirring time, temperature and speed,
and centrifugation speed were determined by using a five level rotatable
central composite design. The important factors influencing on cholesterol
reduction were B-CD and stirring temperature. The optimum conditions for
the cholesterol reduction in 3.6% homogenized milk were the addition of
1.15% B-CD, 17.5C, 10 min, 800 rpm of stirring and 166 x g
centrifugation. Based on above conditions, 98.4% of choloesterol in milk
could be removed, and B-CD may be an effective compound on cholesterol
reduction process.

Subsequently a process of cholestreol reduction in cream was optimized
by using RSM. Among five factors, B-CD, stirring time and speed appeared
to influence on cholesterol reduction. When B-CD was added 5%, the
cholesterol reduction was 80.17%. With 10% B-CD addition, the effect of
stirring speed was more profound than that of stirring time. With 15% B-CD
addition, 93.85% of cholesterol was reduced. When stirring time was fixed
as 10 and 20 min at 30T, 15% B-CD addition resulted in the highest
reduction as 94.81 and 97.99%, respectively. The present study indicated
that although percent of cholesterol reduction varies with different
factors and conditions, above 94% of the cholesterol in cream could be
removed and B-CD concentration may play the most important role in
cholesterol reduction process.

The next study was performed to optimize the conditions for PB-CD
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dessociation from B-CD-cholesterol complex. For extraction of cholesterol
from the complex, the mixture of acetic acid : butanol = 3 : 1 was chosen.
In addition, another optimum conditions were as followed: solvent
complex = 6 : 1, mixing speed : 100 rpm, mixing time : 2 h, mixing
temperature @ 50C. Then  RSM method was applied with three level
rotatable central composite design. A model obtained from RSM showed that
the optimum conditions were 100 rpm, 2 h mixing at 57C, and the estimated
value of cholesterol dissociation from complex reached to 96.5%.
Therefore, this study showed the possibility of B-CD recycling and further
study should be done in the future.

For the develoment of cholesterol-removed dairy products, milk treated
with 0.5% B-CD appeared to be effectively used in economical and quality
aspects, In addition, cholesterol-removed ice cream could be manufactured
in industry when various fruit flavors was added. However, the study for
the cholesterol-removed whipping cream need further experiments.

The recycling of B-CD from the B-CD-cholesterolcomplex showed a few
difficulties in pilot plant scale, therefore this study also need more

studies in the future.

Part 2. Studies on the immobilization of saponin and

development of cholesterol removal method

A sensitive high-performance liquid chromatographic method with
Nova-Pak Cig column for the determination of cholesterol in milk

products was studied. To optimize separation of cholesterol, various



mobile phases such as hexane/ 2-propanol, hexane / tetrahydrofuran,
hexane / ethyl acetate, acetonitrile / methanol, acetonitrile /
methanol / 2-propanol was campared, Acetonitrile / methanol /
2-propanol was superior to other mobile phase systems in separation.
A liquid-liquid extraction(LLE) for cholesterol was simplified with
non-polar solvent, hexane to remove interfering compounds and had a
recovery (100X1.0) of cholesterol. A solid phase extraction(SPE)
method using Cis Sep-pak was developed and compared with LLE. The
saponified sample was directly transferred into SPE tube and eluted
fat-soluble compounds with acetic acid/ethanol. The cholesterol in
SPE tube was collected by eluting ethyl acetate/hexane. The SPE
method was rapid and highly reproducible, However, the SPE method is
relatively expensive. The both extraction methods are useful in
combination with saponification of esterified cholesterol to
facilitate total cholesterol determination. The detection limit at
205nm was up to 0.0l.g. The newly developed HPLC method was simple,
accurate and has the advantage over the many methods commonly used.
Although the rapid colorimetric method developed is less accurate
than the HPLC method, this method does not requires expensive
equipment, thus suitable to quality control 1laboratory in dairy
industry,

In order to prepare low cholesterol milk and cream by treatment
with saponin, the optimal conditions of reaction time, amount of
celite addition, temperature, amount of saponin addition and pH of

saponin solution were investigated,
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The results revealed that the optimal conditions of cholesterol
removal from milk were saponin conc, 1.5%, temperature of reaction
with saponin 45T, reaction time 30min and amount of celite addition
0.25%, removing 72.00% of cholesterol from milk.

In the case of cream, the optimal conditions of cholesterol
removal from cream were saponin conc. 5%, pH of saponin solution
5.5, temperature of reaction with saponin 60C and amount of celite
addition 2.5%, removing 76.32% of cholesterol.

On the other hand, optimized conditions of the removal of
cholesterol from milk using response surface methodology(RSM) were
saponin conc. 0.5%, temperature of reaction with saponin 25T,
amount of celite addition 0.25% and reaction time 10min, removing
72.27% of cholesterol. The optimized conditions of the removal of
cholesterol from c¢ream using RSM were saponin conc. 8.3%,
temperature of reaction with saponin 60C, amount of celite addition
2.5%, removing 86.43% of cholesterol.

Therefore, the result of this study indicate that saponin is
effective on removal of cholesterol from milk and cream.

To develop an immobilization method for the removal fo cholesterol
from milk, saponin from quillaja bark or digitonin was immobilized
onto Sepharose-4B. Immobilized saponin and digitonin removed 20% and
30% of cholesterol from milk, respectively. Using silica as support
for the immobilization of saponin, optimization of reaction time
between silica and epoxy( y -glycidoxypropyltrimethoxysilane), and

the amount of epoxy spacer were carried out. The optimal conditions
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were reaction time 24hrs, and amount of epoxy spacer addition was

13.5ml/g silica.

Part 3. Cholesterol removal and fractionation from milk

fat by supercritical carbon dioxide extraction

To develop milk fat fractions with desirable
physico-chemicalproperties, anhydrous milk fat(AMF) was fractionated
by one-andtwo-stage extractions wusing supercritical C02(SC-CO0;).
Two-stagextraction of AMF was performed by first producing two
fractions, an extract and a residue at 40T /241 bar, which were
subsequently used as the feed for an extraction at 60T /241 bar and
40C /345 bar, and separated into five and four fractions,
respectively, based on extraction time. These fractions were
quantified and analyzed for fatty acids and physico-chemical
properties. Short-chain(C4~C8) fatty acids in extract fractionsfrom
an extract were 200~150% compared with those of the original AMF,
Long-chain(Cl14~C18) fatty acids in extract fractions from a residue
were 118~141%. The ratio of unsaturated to saturated fatty acids in
the residue fraction was 131%, Melting point ranged from 22 to 43T,
iodine value 21.8 to 36.9, and saponification value 255 to 221 in
the extract and residue fractions. SC-CO: fractionation of AMF by
two-stage extraction offers the possibility of developing fractions
with discrete fatty acid compositions, and physico-chemical

properties such as melting point, iodine value and saponification
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value.

The technical feasibility of removing cholesterol from milk fat by
SC-CO; extraction followed by adsorption on different adsorbents and
of fractionating milk fat into different fatty acid composition at
40°C/276 bar was investigated. Cholesterol could be selectively
removed from milk fat by adsorption on a typical commercial florisil
with SC-CO; extraction, Lower weight ratio of milk fat feed to
florisil showed higher reduction of cholesterol, but gave lower
yield in the milk fat fractions., The effective capacity of florisil
for removing cholesterol from milk fat was 2.0 g/g, which is the
ratio of the fat feed to the adsorbent for 89% cholesterol reduction
with a fat yield of 57.5%. Fatty acid composition showed higher
short-chain and lower unsaturated long-chain fatty acids in the
extracted fractions. Milk fat fractionation method by supercritical
fluid extraction in coupled with adsorption would appear suitable
for removing undesirable ingredients such as cholesterol and for

enriching short-chain fatty acids in the fractions.

Part 4. Training of sensory panel and development of cholesterol

removed cream and butter

Twenty panelists were selected and trained for sensory properties such
as sweetness, bitterness, saltiness, sourness of milk, cream, butter and
cheese. In addition, rheological properties such as chewiness and texture

of dairy products were tested by those panelists. To examine the
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possibility of manufacture of cholesterol-removed cream and butter in
pilot-scale and industry, sensory analysis of those products accomplished
by well-trained panelists.

In cream, sweetness increased little because of B-CD addition, however,
there was no difference in ice cream and whipping cream. For mannufacture
of cholesterol-removed ice cream, additional process to basic ice cream
making was not needed except B-CD addition to cream.

For cholesterol-removed butter, determination of optimum condition of
various factors such as B-CD addition, mixing time and temperature was

difficult, therefore, more study should be accomplished in the future.
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A 1 MEZAM.  B-cyclodextrinZ °]8% $F U FAFY Fd2
HE AA] AP A

£ o4 B-cyclodextring o] &3t £ W FAF ZdLeES
A g3t A=At Rt Y SH2AHE BT #1%) oC2 AL
g vz EAsiarh. o Pdg ol gst FIY Fd2HE F2A RL
Bnct $A4 veldd & £ Jdch fAY ©Pgel 2.6, 3.6, 4.6%2 7
29, oC o] st ztzh 9.52, 13.14, 16.83 mg/100g A2, EA Yy
o5t ztzt 8.62, 9.52, 15.78 mg/100g Arh A el FolE FAIRY RS
Bt} Recovery AlEolA L 6C wWiofl &3} 100.95%2] recoveryd LiEhidl
2, XA S AL 90.4%2) recoveryol]l 12X & 2lol§ Hol: Ao
Ueltch o] A¥ ZAzS Y 8 o, & gl uidl 6C ol o wi=
3 ekt s, = o) AH|RE Ed £ Sl +F R RAEA E
d2eE PP WPos AYY o2 ARt
F izl AYL B-cyclodextrin (B-CD) & °| &3 /el Fa2eE AA

stz Aasodct FH2HE AAE 93] H71L B-CDFE 1.0%,

[e]
=
FUEE 10T, Zut AlZH 108, 24 4% 800 rpm, YAlE &% 166 x g7t
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7hg AU zAoe ARPHACL o] ZASEE J|Eo2 dlo USEHFENY
S AAR A, d3Y AJIAES p-CD 1.0%, I 5 17.5C, AL
800 rpm, RWIAZ 10E, dddel 4= 166 x g & Uelxten, o] xAdjA
&5 Fa2HE AAEL 98.4%0l 2, AA FF $AE 94.2%2 FAH A
ol& Ro|z] ¢lgtch

ALE Al Hal AYolAM: B-CDE o] &Y A F2HE AAN Y
Y Z2AE VIEAILAYE ol g3 dohluat HAAEACL 57129 =23 (B
-CD, Ry, AL, af&e, dife $E)EE 571 level 2 U
o] A¥sdct tiFH s E4S AUAR A, 95 [ oA I Zd
2HE AL 48E nXE= factors 8-CD Bried, 2k A7, 28 24
o, 1 % 71 F23% factor:= B-CDQ Ao F LElyic). B-CDE 5% Mgt
2T, 80.17%2] Z2ElE AASES B U, 10%2] B-CD H7prjoll= 94.42%
2 3% 3718 Rdch 15% -CD H7iAol M &2 AAZEE B B-CD 3
7te Z7tol oiel 2P ZY2EE AAEE IS & & AUt o] A¥

= B-CD 2ol= 919 tiE ZAE 3 Y] Ze2HE AALES delx]
L}, B-CDE o]&3] 94% o]t ZA2AHES AAY & USS Yoldrh= &
oM F8sict 32lct.

o] AlFAle] Utz AHS ZHY2eHES FAY B-CD-FH2EHE BYUA
olA B-CDRHS Fela] o] EL3te WYS 23t} AAFHAcL e
HE8S 2esid 4 Q= Lol acetic acid : butanol = 3 : 1 Q1 E¥§ Lu)
7} AR et Suliot B3zt vl &L 6 1 o Z2E eyl aitgs
£ 100 rpm, IR} AR 2 A7 @ 2EE 50CY o MY S HE8e
Roclh o] ZAES 7IEoR st WEEY FHYE o8t Z2EEY
B-CDENE|] Zele] 3 XAES Hohfdcrh AE Ajo] wj=d, 2 2

= 57C, 2t 5 100 rpm, 28 A7 2 AU of AAIXE= 96.5%F 1A =
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A vebdch wiebA p-Cpe] A& JHs8E & + AAR, AYLH B-D2
age] FALHE AA AES ¥ A3}, ALY p-DUE A= AEch
£ AH8sHA] 92 B-CD2} 6 ¢ 4 o) ¥]&E Esle] ARG 95.5%eh= &
2 Fd2HE AALEE 2Y + A& Aoz vshd A H ol 89 e E
o} & 4 alglch

ga2E Sl AAY #AF Aold e 0.5%2] p-CDF H7IR $771 4

Ao 7Py AN, T Eo] AAH ofo]aaY e AtelNE o
o Ad¥ol AU AF ololAI 7] Yol FF Aol Iy EE L
8ol AAY ¥Y3ade AU2 F o oIy 477t 7€t 223 400
ggol] B AAGF offo AW AFE UMM AFAY folsir] ¢
orew B-CD2} 4 A AFE ASste Zlo] Yasich

A 2 MEAM. Saponin?] 3 dAF2 cholesterol?] AAA
of cigt Ay

FAE 59 cholesterol & A7 13 ¢HHeg o]F FH3lV]
2% Nova-Pak Cig& ©] &% HPLC B w2} colorimetric method® ¢3¢
3l t}., Cholesterol 2] 2 AXZ 913l hexane / 2-propanol, hexane /
tetrahydrofuran, hexane / ethyl acetate, acetonitrile / methanol,
acetonitrile / methano! / 2-propanol 3} Z-2 tTlekgt o|F Aoz BAdly
vl 23tgtt, a3 A3 acetonitrile/ methanol / 2-propanole] cholesterol
2o 1A FFoelgdr}, Cholesterol 8] liquid-liquid
extraction(LLE)& H] 34 £ulel hexaned& o] &3l WIHPEAES AAY
o2 H ThE3lA| AT recovery test Az} 100£1.09] UL A Hocl.

T ol2} ¥ Ci5 Sep-pak& o] &%t solid phase extraction(SPE)& LLE®}
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B2, 2E3stgct. v ¥ X8 & SPE tubeo] &7 acetic acid/ethanol
o ¢ ALY AHEES §&2A72 3 ¥, SPE tubed] EAEE
cholesterol & ethyl acetate/hezane 22 §&A|A £aslgct. SPEWY
< LLEg ol ul3] nja3 u]go] Wo| S o] gloy tiNE of F
vt o cholesterol 3@&of ‘Holct. AFA U HPLC H$YP
205nmof] 4] detection limit7} 0.01xgolsl, Uxtsim] A ¥s}s] wiFof dut
Aoz AEHEs T WYPE o¥Y HHE JHAt}. Colorimetric
methodi= HPLC Y Ech vy FH = Polx|x|gh, 7t 7 4o
st U3 A&GstEEg, FABeA ol AHoletn ¥ 4 olrt

Saponing o| &% 8  AY 29| cholesterol HA HAHZAL FF
517] sl3) dEe4E A2 23S SUHLE 2Asie YA, 4 2
425 9 AZTARE YA 4 = WAL VSEHEA Y (Response
Surface Methodology)& ©]-&%} modeling method& Alg3tgitt. zt AEQ
A5 4zt AME SYPHLE XA F, 978 F$+= cholesterol
A A &o| 72.00%52 el saponin B7a} 1.5%, LT 45C, g3
30%, celite #7713 0.25%Y wig s, I3 & cholesterol MA HAz2A
2 cholesterol A|A&o] 76.32%2 UEIY saponin €998 %% 5%,
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4 ot Jga, WEEAEYE o] &3S F ¢ HF2IAL /9
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cholesterol & A A7 1% A HZRAo|H o] wfg cholesterol A AHEL
86.43%4th. o] F71x] whio) oJ3] MAH cholesterold] A=A x|
o[7F sl 2 AN A PUSE SUFHeT JELLES FUisted by
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i

MO

H 1 ME2IA. B-cyclodextring O0|&
cholesterol A|7{off 28t o3

I'-‘Z‘-‘

H1&d8 M E

FUEL] AR FAo] thdHAA AN MFA AEHIT HAarse] 7}
2 odrh 53] £/, FAE. &7 € SAFY 467 FEEAN FEAY
2% s A4 73l e FAolrh. /4 9 FAEY LuEe
1998dof] 10 A2t 97 34.3kgell £ WA 1997 Aol &= 53.3kg 2B A
109 ro]of] 55% ofdo] Frisldon Aulzt ALHog FE A
olti. uwiely FTEAZ A Yol Ex3lE cholesterold] HIUFE F7}sto]
cholesterol Zith J3lo] ¥ ¥, FUZ, VAYEY FAF3 B2
AR 9 ¢8A Afo] F71° M40l wrh

Cholesterol & ¢INo] LWLl Qa2 ZF83 7S 371 314
W rie 24 Aol sloly AJW ARG IPShE HAES S
e o gA o, oo tiy W At us] AYE 2 Ut}
@AY Aol ostH, cholesterol YA AL HYL2N AU &9
cholesterol @z} olof] &AM Ao A AIYES AL € 5 & A
eg o8 k. A2 felveE ZEY dREY Flely
cholesterol®] 1% MBS 300mg0 & st dom® ¥ gargazt
of cholesterol §ag& HAISE£ & F435l gt} Cholesterold u] 3
Yol Yfsle AFo2E Y, vY, 87 5& & 4 9o, A8 F
oA WE 210mg/100g, 37% SAWe AY 137mg/100g, AT =
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105mg/100g, 15% 2|32} ofoj23 3 68mg/100g2t Al Fole Hl2H A2
140g/100g Sol @R Ark®.

ole} o] ¢F A FAFo] UAStE cholesterol S AT &= B
2= /Y SAY dF L HAANE ZLAE AL AW H
cholesterol@tg Mef o ZAA7E Yo /Y 5+ Ut ¢/
A% €S ZAAE IS FAEL Yuieh 23] WojMel ot
gt AFY J1EEol AsixHe ZAYol A7 dIFd FHAA B
cyclodextrin(B-CD)of] cholesterol & ¥2 £+ AYAA HYAN S e
AAsHE By s AAAQA Row giA rh.

Cyclodextring B8 t}YF2AM a-1,4-glucosidic linkage®Z A}
Hol glon, HgH o2 glucosest 6, 7, 8747 AYEH UE -, 8-

7 -CD7} Ztzb AgAtEich, o]F B-CD7t 713 &34go] Yorng LA e
oA A 228 4+ Y& FAdol At B-CD= glucose 7717} a-1,4 2
§& 83 9t cyclic oligosaccharide2d ESY} 22 Yelg stz
olct. B-CDY F42 Z 7ol cholesterol?] A7|o} A2 vl=y £47482
dYFRolng uF44 £AHAU cholesterolzt A{o] 2 Ha, HIE &
A AyYgste] SYA7 4P of§ APt 200CHHA] stEslo s
glg A ¢ttt B-CD: uPFEEZRE F2Y cyclodextrin glycosyl-
transferase§ o|-&3le AES EMY ¥ APt Yoz Puge
E B0l wol, H4AY A=} B-CDE moused] FF Fof Zwf LDy
Ztol 12,500mg/kg2 £ L}E}L} cholesterol A AE 2§ YUY EAF 4}
i%t}(”

Az

B -CDE o]} cholesterol & AAsH:= A2 Snith 50| egg
yolkoll | 89.2%29] cholesterol& A Astdtta Basldon, Lee 592

creamo| M 83%2] cholesterol& A A3tA I, Yen SY92 lardollA] 90%2)
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cholesterol & A Aslgcin Ru3tact ol o] B-CDE o] £F AR
L oruAds AAYD glor), ol ©ix] B-CDY cholesterol A AL 7}
4 E A8l &0l ol A3E LAAL 4 & A
A R3tgict,

8 Fdyes QAHD e B-CDY 7HFo] A2 At R}
31(7,000¥/kg, 19973 ¥A), =Y FUHE= AL ¢ o, B-DE
YLt A YA xdolA Fosicia Atg®cl. A-CDE Q¥ &
5171 $131o] cholesterolz} AYH B-CDF ¥ 438l ol hydrogen
bond inhibitor& o] &3lE Wy resing o] &3t WH"?, heating
Aglol o3t $H"Y sodiun chlorideE o]&st: Wy {rgns
o] g3t Y™ 1 ¥ So] glrh. o5 PHEL AA Bl A
o Eoll dE&Htrlos o &o] Wrlk. ey} ol WY Fol Kufe] ¥
ol Tetdta, FAFolm AdFog &3] &olsitin Ag¥
th ol FHx EFI v 2 A7 EAEES Asior ¢
th. §oig Aste o] HAEH £ A3, vif HUYP} FPolng A
Ay B TLHNN Ayt Bsict' Zeln 4 AR 2
W gol 2 7HM"Y gojo] t}E A &4 4Eo] cholesterol3} Zo] 22
g 4 oot w3 488 $r18uje] BEPL Hsrlel ¥AYsIn
EEAE Zel s 393 R So] thdstA ¢ B APl Ha
A44E 7423 glo] Agsirlo] Byt 3 5% B4 =Hr) o g

BEE 283l AR LufSE L ethanol, hexane, chloroforn,

oj&

rr

=

e

methanol, isopropanol, acetic acid, butanol %o} Qit}, B-CDE o] &35}
o} cholesterol & A A= dle A7 gxlgt, ol & thAl 43t A
&3t7loll= o3& Ho] YoEER olF A ¢isio tiAAA 77
U g3t
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2 d7d 532 79 3YS MRS sio] oy RaYHeE
cholesterol?] FREMG ulasinzy AAY 2HPEg Uiz,
B-CDE ol &3t ${2of AYo] WAlstE cholesterol E H AT %
HH2AL FYstil, cholesterolo] F2AH B-CDERE cholesterol &
Felsls] eiste] ARy GoiE HPst] A-CD Ao HH2AS ¥Ys}
o, ol Aol A3 AANE ol &3t IAHY + UEF ¢ H
g FAEY] 24848 9 fFEAE B3l 3 E #Ysa AFE AUst

+ ol alrh
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N2z 97 Y

A 1A ZHd2HE Y =4 WHe v

1. A8 92 A9

PHE $AY ¥ FAJ] (HC 5000, Microfluidics Co., Newton, MA,
USA)E AMg3te] o] A8E 175 kg/en® 2 FAslgch. a3y £
(ELECREM, Elecrem Co, Vanves, France)& o] &3}l §x%2] ato] HF
2.6, 3.6, 4.6%71 I & H&Y slgdom, EY FXW o] 36%U A
18 4 §7tBol A ol At g3tdct. S22 &N WX EEEAY 5-¢a
2HAH UL Sigma Co. (&5 99%>, St. Louis, Mo, USA)EHE| F¢ls}df
Ahgstgdh, JAA wWYo] Al&% kits 54U Boehringer-Mannheim
Biochemical ¥ AlollA Fhstden o HEo] A&} K71 {uiE

(chloroform, hexane, isopropanol)& GC& 22 A}&3}4rt.

2. $A% &3

Aol ALY AR AW $BL 3Pt BEHs}I] Asto] A
(Gerber) ¥ & Alg3to] falutg ZAATI®. &, 92% Rt 10 I &
butyrometero] Wi 9% 1 mlg} ojdojdedE 1 nmlE HIsle, R uli
2 2e ¥ AxtEo] £3Y u7tA flotA2 H AHolF 1,100 rpnl 2
58 YR st 60CY ¥E £RoAN 587 FAAN ¥, W

A& tivto|r](devider)2 ZFstolem, EE AHS 3 WESG



3. 2%k M (standard curve)?] A

7}. 6C ¥

Y2 E BHFE 930 chloroforn £qo] ZHAeE3 Fd2HUS
¥ 1.0 mg/ml?] HEV HEHK IF L4985 9E ¥ F 298 2t
Iml® 2|3}l test tubeo] Y- E§} £ 0.5 1.0, 1.5 gz1& GC
(Hewlett-Packard 5890 II, Hewlett-Packard Co., Palo Alto, CA. USA)of
FUAstq BAFAHE gt

U, &4 oy

Isopropanol §<ef 1.0 mg/ml & ZH2AHE L&A o] 83l TZZ
4 Z 0.1, 0.2, 0.3, 0.4 ml & tE AL HEY kitE AIL33}H ek
A& 2gstdrl.

4. 2H42HE2 &

7}, GC

R lg (F2Y ¥ 2.6, 3.6, 4.6%)2} 0.22g2] A Y (36%)& F7o|

U= test tubeo] Y32 1 mle] YWREZERA (ZIH2EHY 1 vg/ml) 5

ml2] 2M ethanolic KOH £ & 27, EstdcH?. 60c e etz

_47_



07

ih)

HY ¥, A200A4 BZAHES FA AT 5 nl2 hexaned I
7hste] FAAEHES FESIA A2 WYLR o]F 43 Y5 R a3d
th $EYE 5T ZelaAo] @i 40TCAAM e 3712 (EYELA,
Tokyo Rikakikai Co. LTD., Tokyo, Japan) &%A1Zl ¥, 1 ml8 hexaneoi

Ko A 82 AMgstoct,
U, F & uy

% 10 1§ 52 ZelAAo] Y3 2M methanolic KOH £ 50 nl &
WAL ¥, P47 & Fasto] 60TolA 307 ZA3sigct. AYdg £
Yo FEZ &3 ¥, 100 ol FF59 100 ml ether/petroleun ether (1 :
1)& A7 Egol Z HES A2 ¥ FAAAUch Y A5 45Y
& He2l5t3 40 ml ether/petroleum etherE A 7}stod u¥lE T2 3toc),
flet Fe YYo= HHAW ¥, 50 ml volumetric FelA TN
isopropanol 2 F&3lglen, of 4L & YUY A 8F Alg3tdr].

5. 42 E 3L 24

7} GC ¥

ol A 2 F2Y 1 p1E 12 ZAA GColl Y3l Hak £
At BAMof Alf¥ gas chromatography (GC)= Hewlett-Packard
Model 58390 Series II (Palo Alto, CA, USA) 24| FID detector7} %2}F

of gJom, AAL cross-linked 5% phenyl methyl silicon fused silica

capillary column (HP-5, 30 m length x 0.32 mm 1.D. x 0.25 uxuw
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thickness)& A}&3}gc}l. Carrier gas®& N: & 2 ml/ainC 8 A}&3}9
3, airs 300 ml/min, Hy:= 30 ml/min, 223 auxiliary gas®& N &
28 ml/min FUstATE. AR split ratiox= 1 : 5008 xAHsjgdon,
RE 1A /Y AL 3I5CTAAN A3t F437Y 25+ 270
T, 2&7]9 &5+ 300C 2 433t HFL 2R 200CAA 1&£T
HEE ¥ BT 10TH 4547 300CE &8 F 208 |Asigc}. 2

E 2 7§ Ao mety FEEHY, 2z v3 @

2
o
B
iy
£
[
z
e

Kitol& 3712 /9 80| &of glon, £ 1& pH 7.0 ammonium
phosphate buffer, 2.6 mol/L methanol 18] 220,000U catalase® F4
Ho] o131, €9 2% 0.05 mol/L acetylacetone 2} 0.3 mol/L methanol?)
2y, a2l €9 32 12U cholesterol oxidase PEIY O T Fof 9l
th & 12} 25 3 : 29 v &Z EYY A& reagent §Yo|z} FAr}

5ol & 92 reagent £} 0.4 ml $H/S 218l screw cap tubeo]
Y3 2z Egsiden, o7lolM 2.5 nlE 3t T} tubeo] & A ol &
Al82 Abg3slgict. Blankol: 0.02 mle] &, AFo: 0.02 mlY
cholesterol oxidase (89 3)& H7I¢ F 3 EUM ¥, 40T Y2 £2
oA 608 BAAA 308 Aol WAstct. Backman DU 650
Spectrophotometer (Beckman Instruments Inc., Fullerton, CA, USA)S &}
€35l 405 nmofl ] blankell ci¥t A8 FFx Rol& FAstn A4tsly
S Zd2eE YV E FF 34
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6. Recovery A8

Recovery A¥E F £4 ¥y FH=H VIASE HAF3N7 $3d
35t 6C WH Y recovery ¥ S ¢ 3.6% $Fol 0.1, 0.2,
0.3 mg®] F2HES HJlstd Z 74 Fed2HE TS FAH3NA
2, B4 Pyge Bfole 1.0 g Bstocoh GO YPoA = 83, 2]

I B4 PHodAME 4y WHEsTt

7. $AA=

Bab B4 AR AAYE ARSI Fo1A| of 2 S 2HE 3
2t wo] o] nlasidt® . RE ZAaE: HF + SD B ®IIEA D,

fexte p < 0,055 AP}t

A 2 A B-cyclodextrind o] &8 H+d {2 Z4

2HE A A

1. A8 3 2

Sxjulo] 3.6%¢1 A S &E A BE A1gsigeny, B-cyclodextrin
(£% 99.1%)2 Nihon Shokuhin Cako Co. LTD., Osaka, Japan)ojjA, &3
2H &2 WREEEAE AEH Sa-Z 26 AL GC Grade2 1] Sigma
Aol 4 F¢stelct



2. 242HE9 AA UH

5712 factor Ztzte] A3 E B ¢ ALARZ AAY AHE oS53
Zrh. B-cyclodextring] 7ol & FH2HEY HALES &7l
215le] 47b2] 2P L (2 2F, 2y AP, Wi &=, A2 A
) dASHA & Belold HE S stdch olgt e WHer 47tx =3
Ztzte] a3 g Bazx 4ES £85tdct.

o] 4% ZAAE EUE B-cyclodextring o[ & ¢F2 Ed2HE
AA HA ZAES A7 Aste] g EMYE FHBsArt 5
7}x1 2] factoroll 2tz 5 level® A Aslgorn 1 {2 Table 1 of UE}
gk, 5719 534 242bg x1 (B-cyclodextrin %), x2 (2 &

E), x3 (2 A7), x4 (AL =), 5 (AL ABE 2

Table 1. Variables and levels for a rotatable central composite
design used in process optimization for cholesterol

removal in milk treated with B-cyclodextrin

Coded-variable level

Variable Symbol -1.5 -1 0 +1 +1.5
B-CD con. (%) x1 0.25 0.5 1 1.5 2.0
Mixing temp. (C) x2 2.5 5 10 15 17.5
Mixing time (min) x3 2.5 5 10 15 17.5
Cent. force (x g) x4 55.5 111 166 222 250
Cent. time (min) x5 2.5 5 10 15 17.5

2tzte] wW4nit} level & -1.5 (H3s}), -1, 0, +1, +1.5 (FI)E M3}
o A Age] AzjelA 3 AYUY £XE 022 e, vepd
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b
rln
PN
&

E & rotatable central design®® Z{std 43¥9 ztzt ¢}
o 2ol dAHcCL. (Table 2).

ztzte] 2o Wwio FA2eE AA UHEE 317 f3h 508 &
200 nl ulo]Hol 2stdrt. Z#2z thE B-cyclodextrin |F, =P

(%

=

E, 2 AL, 4R 45, S48 MBS Heste ¥ FRojA
800 rpm?] %= 2 blender (Tops, Misung Co., Seoul, Korea)Z 2 2]3}4
th. 2 ohg Ao AEE 500 ml YAHEE £ H 4 ZA &
=2 AHE st 5TolN Eely of F 26 E-B-cyclodextrin 5
U7} ol VAL F sjct. FH2u 80 AAY A& 188 33
A 2%, A 18eA Mey uiet FE YPor FYAHE FY EHE
st4lch.

3. BANY L HSEW £AY

Ao

Sy 245550 BAL SAS® o tiEYARENY S ol &3t
of ofgl2] 4o gt 2xYS 2Tt HEF SHAAct.

Y = Bo + EBiXi + ITBuX:® + ZBiXiX; (Bo, Bi, Bii, Buy:s A4, Xi Xi
Xe 4 dpoln)). zzte M4 RYEE p <0.05 &4 AP

ZYAHE AAN FoY AAE Hols HFEUSE o] &3l WE =

o
doEMyes A%E =&stach
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Table 2. Fraction factorial block design used for removal (%) of
cholesterol from milk treated with B-cyclodextrin

Coded-variable level

Treatment X1 X2 X3 X4 X5 Cholestercl removal (%)
1 0 0 0 0 0 96.6
2 -1.5 0 0 0 0 64.6
3 0 -1.5 0 0 0 90.4
4 0 0 -1.5 0 0 92.6
5 0 0 0 -1.5 0 96,3
6 0 0 0 0 -1.5 96.3
7 +1.5 0 0 0 0 896.2
8 0 +1.5 0 0 0 93.9
9 0 0 +1.5 0 0 94.3

10 0 0 0 +1.5 0 90.8
11 0 0 0 0 +1.5 92.1
12 +1 +1 -1 -1 -1 96.2
13 +1 +1 +1 -1 -1 87.8
14 +1 +1 +1 +1 -1 96.1
15 +1 +1 +1 +1 +1 96.9
16 +1 +1 -1 +1 -1 95.2
17 +1 +1 -1 -1 +1 95.2
18 +1 +1 +1 -1 +]1 96.4
19 +1 +1 -1 +] ' 96.7
20 +1 -1 -1 -1 -1 93.6
21 +1 -1 +] -1 -1 95.8
22 +1 -1 +1 +1 -1 95.6
23 +1 -1 +1 +1 +1 95.8
24 +1 -1 -1 +1 -1 93.8
25 +1 -1 -1 -1 +1 96.0
26 +] -1 +1 -1 +] 94.7
27 +1 -1 -1 +1 +1 95.1
28 ~1 +] -1 -1 -1 93.5
29 -1 +1 +1 -1 -1 93.1
30 -1 +1 +1 +1 +1 92.5
31 -1 +1 +1 +1 +1 91.9
32 -1 +1 -1 +1 -1 91.3
33 -1 +1 -1 -1 +1 92.4
34 -1 +1 +1 -1 +1 88.2
35 -1 +]1 -1 +1 +1 91.1
36 -1 -1 -1 -1 -1 90.4
37 -1 -1 +1 -1 -1 90.5
38 -1 -1 +] +1 -1 93.5
39 -1 -1 +]1 +1 +1 90.8
40 ~1 -1 -1 +1 -1 84.9
41 -1 -1 -1 -1 +1 85.8
42 -1 -1 +] -1 +1 87.8
43 -1 -1 -1 +1 +1 86.9




A 3 A B-cyclodextring o] &% I ZH2HE
A A

1. A48 % A<

FAY o] 36%d AU E HYRIIFLEHE A FUol ARE AHE
stk Ahg® A2 Al 2%, A 2o AYolMe Hr

2. 24298 AA LY

B-cyclodextring ol &% I Fe ZA2HE AAY AAHE AT o
g ZAEE ZAsH7] Siste] RFEAENUE A&t 5719
factoro] z}z} 5 level & AAslgdon 2 XYL Table 3 o] vejial
th. 5748l SUM4 2#74& x1 (B-cyclodextrin §3), x2 (Z¥
x3 (24 AjZH), x4 (2B &5), x5 (Y4 £el $2)8 3t 727 3

~

2x),

4-ojt} level -1.632 (H3s}), -1, 0, +1, +1.632 (2 2)8 MHAFstAct.
BE ZALES rotatable central design 8 Z¥}slo] 432] 2tz ¢} 2 A
¥ 2ol AYHEF slgich (Table 4).

2tzte] 2o Wio ZA2HEY AA HES 317 st 2088 2
YL 100 ml Hlo]Ho Yo}, Zt2Z} c}E B-cyclodextrin ¥, Wt &%,
] &%, JARA&EE Ztzh ety B-cyclodextring

422 £5& W3o] blender® T AT &Eof

(L
re

i

¥ R
re
™

)

l.

Ll

*

ffo



Table 3. Variables and levels for a rotatable central composite
design used in process optimization for cholesterol
reduction from cream treated with B-cyclodextrin

Coded-variable levels

Variable Symbol -1.632 -1 0 +1 +1,632
B-CD concentration (%) x1 1.6 5 10 15 18.4
Stirring temperature (C) x2 23 30 40 50 57
Stirring time (min) x3 4 10 20 30 36
Stirring speed (rpm) x4 530 800 1200 1600 1870
Centrifugal speed (x g) x5 144 222 333 444 477

A Zgstgch. 3 F AEE AL £70d B2 44 Bl 4%
Zt2t delste] 5TolA 108 Yidieldtd Zd A &E-p-cyclodextrin
E}AE A S22 80 AAY 459 (K=Y, 250 ng)S A
sto EZH2AHE FFEAES A 23, A 1WA Heg vl o] 3y

=3



Table 4. Fraction factorial block design used for reduction (%) of
cholesterol from cream treated with B-cyclodextrin

Coded-variable

level
Cholesterol
Treatment x1 X2 x3 x4 x5 reduction (%)

1 0 0 0 0 0 95.8
2 -1.632 0 0 0 0 43.1
3 0 -1.632 0 0 0 88.1
4 0 0 -1.632 0 0 92.9
5 0 0 0 -1.632 0 87.0
6 0 0 0 0 -1.632 94.4
7 +1.632 0 0 0 0 97.4
8 0 +1.632 0 0 0 94.4
9 0 0 +1.632 0 0 93.5
10 0 0 0 +1.632 0 91.6
11 0 0 0 0 +1.632 93.6
12 +1 +] -1 -1 -1 94.2
13 +1 +1 +1 -1 -1 92.7
14 +1 +1 +1 +1 -1 96.7
15 +1 +1 +1 +1 +1 95.8
16 +1 +] -1 +1 -1 94.2
17 +1 +] -1 -1 +1 93.6
18 +1 +1 +1 -1 +1 95.0
19 +1 +1 -1 +] +1 95.9
20 +1 -1 -1 -1 -1 79.0
21 +1 -1 +1 -1 -1 81.7
22 +1 -1 +1 +1 -1 85.5
23 +1 -1 +1 +] +] 83.8
24 +] -1 -1 +1 -1 72.1
25 +] -1 -1 -1 +1 87.4
26 +1 -1 +] -1 +1 84.9
27 +1 -1 -1 +1 +1 71.1
28 -1 +1 -1 -1 -1 95.4
29 -1 +1 +1 -1 -1 96.9
30 -1 +] +1 +1 -1 95.8
31 -1 +1 +1 +1 +1 94.2
32 -1 +1 -1 +1 -1 94.5
33 -1 +] -1 -1 +1 94.5
34 -1 +1 +] -1 +1 93.1
35 -1 +1 -1 +1 +1 93.9
36 -1 -1 -1 -1 -1 76.0
37 -1 -1 +1 -1 -1 85.7
38 -1 -1 +1 +1 -1 87.3
39 -1 -1 +1 +1 +1 86.3
40 -1 -1 -1 +1 -1 78.6
41 -1 -1 -1 -1 +] 83.9
42 -1 -1 +1 -1 +1 86.5
43 -1 -1 -1 +1 +1 80.8




3. AN € wgwd ¥4

A 2%, A 2d-olAMd FTLE.

A 4 A 2y ZA2HE AA o] &% p-cyclo-
dextrin 2| @-g¢ HAH =37

1. 4% 9 A Y

A gato] 36%2 AU S HARIIFLZ2RE AHF ol AIRE AHE
st Alete oo AE U, 28§ Lrufel hexane, methanol,
acetic acid, butanol, ethanol, isopropanol, chloroforns 2 %571 &

Fd A& AEstdch

2. B-cyclodextrin-Z A F Hd T+HA

APol 10%2] B-cyclodextring M 7istol 50TolA 30827 =wtsigct
(29 2y A 2%, A 33 Fd). BRYANE £e3t7] ¢33 AN8E
108 T 999 x goll A 4 Eelstdct. 45Fe Zd2HE LS 4
3l &7]0] &AE L, otlo]l AAY HYANE Y S HEE A3 A
8l 600 ml FHAAR flaskol]l Y 6A]T ARt Y BAY F A&
2 g3t
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3. &l dAZ S oAu] UY
7t Ed 26 &2 &ujol Uiy g vz FF

ZYd2dE 0.2g& 771xY ct}E Lo =, butanol, chloroform,
hexane, isopropanol, acetic acid, ethanol, methanol 10mlol] ¥
ultrasonic cleaner (Branson Co., Danbury, CT, USA)ollA] 4 A3 A 7t%
Qb &3ttt £olF butanolo] iy R H 1.008 /|&o2 Ao
12 8me &A=E vz FP3igct

U B thE u g Ty fulol oY gI= o 23

B-cyclodextrin-Z g 2E& SAMoA IJH2eES Leldtd B-
cyclodextring A¥-&317] 1 Agez, ¢4 HYY LujE olue
Zolrh. 1AM HUA 1g& 6 ol o8 FFo Lujo] Y 9o 2
WHLoE B E FHSt AUY &ulE DA A st ol E &of
2} 8] 23}7] $18}o] butanol : acetic acid = 1 : 3¢1 fufo] iy LI=

& 1.00282 dAsigc}.
4. Y2 E FH2HE &2

5712] factor zt7te] A:E H7] AP ATVAS ANY YPE tre
Zth. gujo] M F2HE Eelge s sistel T2 kA =
A(gohe} Hyae v

&, ANt &5, At 22, ANt A)E dF3HA
¢ BEldld HEE stdch ARY HYAME Lo 4BY v & 1082



5 ot ultrasonic cleaneroffA] Z§}3F ¥, shaking bathofA] Zuts}gc).
ole} Te WHOET e 47tx] 2AY AV BUsLA A% UEE
Festodct.

5. %3 B EAYS ol 8 Y =23 {3

f19 4% FdAE EUlE B-cyclodextrin-Zd A& HyMELe 2
JLHEE Eeste o ¥¥S viAE 7HA HY 2FE5E 2AEY)
3t NEEH EMYE A EstAct. 371A] factore] 22 3 level S 4
st oo (Table 5), 2 %L Table 6 o] Yel} Qth 3718 S3d
+& 2A4E x1 (AW ), x2 (W &), 3 (AL AE st 4
Zte] W4oirh level & -1, 0, +1 2 dAsigct. A Ay FjoA
718 sttt AFHe $AE 022 3. el RE 2AES
rotatable central design® 2 Z§sto] 2789 ztz} t}E AY 2ol A

335ttt (Table 6).
Table 5. Variables and levels for a rotatable central composite

design wused in process optimization for cholesterol
removal from B-cyclodextrin-cholesterol complex

Coded-variable levels

Variable Symbol -1 0 +1
Stirring temperature (C) «xl 40 50 60
Stirring speed (rpm) x2 50 100 150
Stirring time (hr) x3 1 2 3
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Table 6. Fraction factorial block of experimental design for
dissociation percentage of cholesterol B-cyclodextrin
complex in cream

Treatment Coded Var, Dissociation percentage
of cholesterol(%)"
No. X1 Xz Xa 1 2 Sum
1 0 0 0 59.85 26.10 80.95
2 0 0 -1 61.19 24.70 85.89
3 0 0 +1 60. 60 20.56 81.16
4 0 -1 0 57.24 26.14 83.38
5 0 -1 -1 61.55 21.40 82.95
6 0 -1 +1 61.65 22.45 84.10
7 0 +1 0 63. 95 22.73 86.67
8 0 +1 -1 68. 21 22.04 90.25
9 0 +1 +1 65.72 23.11 88. 82
10 -1 0 0 40,57 20.11 60. 68
11 -1 0 -1 50. 14 19.99 70.13
12 -1 0 +1 49, 56 18.74 68. 30
13 -1 -1 0 42.81 20.33 63.14
14 -1 -1 -1 40,01 25.46 65. 47
15 -1 -1 +] 45.53 18. 54 64.07
16 -1 +1 0 50.03 21.04 71.07
17 -1 +1 -1 45.88 25. 86 71.74
18 -1 +1 +1 43.75 24.54 68.29
19 +1 0 0 67.59 18.50 86.09
20 +1 0 -1 68. 36 17.95 86. 31
21 +1 0 +1 70.12 20. 46 90. 58
22 +1 -1 0 66. 66 19. 49 86.15
23 +1 -1 -1 75. 49 20.60 96.09
24 +1 -1 +1 70.15 20. 36 90. 51
25 +1 +1 0 66. 84 20.12 86.96
26 +1 +1 -1 73. 61 20.80 94,61
27 +1 +1 +1 66. 80 19.09 85. 89

'Means of triplicated cholesterol extraction.
Xi : Mixing temp.(C)
Xz : Mixing speed(rpm)
X3 : Mixing time(hour)



6. JULA B-cyclodextring] HEEA JE
H-E&Y B-cyclodextrinfte 2 AP ZYAHEES AMAY ALE
control® dlg 3, YL  B-cyclodextrino] A}&3tA] L B-
cyclodextring ojg] H| &2 Egsid P FY2eE AAZE vl

A5t SdA2HE FF 42 A 2%, A 2FoAM A&y uigt 2

c.

A5 d ZYzeHEc] AAHE FAEY MY

1. A% Q¢ A
23 A1d2 A2deA et UG,
2. BENZZA
Aol f7tBolA Y, ZuAlYolA olo)AaY, njdfdolsd YR
Yol oyl pilot scaled} P4t 3HEA 2z AHEY EEAZTAS

ZAsiglen AAES YarstAdct

3. 3534

AZE FsFANRYLE TJAA sEAEUer B4 9 FHAAE

AAlstdct. AAA RAAANE 951 Rheometer(Fudo Co, Model
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NRM-2002 J Type, Japan)& AM&3lo] A=, &34, 8y 5& HFFstd

c}.

4. 3AEH

EAEMNS &A doufixiYol 23 Duncan’s multiple range test®

43519t
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A 3z g+ g

A 13 Ed2dHE FE 4 ¥$HY v

1. $/% 3 S42HE 3T &4 ¥U vz

F7hA o2 gel s FFE #AY ©IJol tiE ¢/ ¢ 2B
Zd2eHE $F2 Table 7oA vjasidct #2114 #§Jol AAglo] oC
Wiol 2] FHE FZal2elE YFol L PHY F3AHT] fHeE

Table 7. Cholesterol content of milk and cream as measured by GC and
enzymatic methods'

Sample GC Enzymatic Di f ference’
Milk fat (mg/100g) (%)
Milk 2. 6% 9.52+0.22° 8.62+0. 22 9.45

3.6% 13.14+0.22* 12.28+0.22° 6.54
4. 6% 16.83+0.30° 15.78+0.11° 6.24
Cream 36% 123.40+1.93* 110.77+7.89° 10.23

'Means of 6 replicates. Means not followed by the same letter in the
same row differ significantly(p<0.05).
Calculated as GC-enzymatic X 100/GC.

A Jeldrt (p < 0.05). $x¥ 2.6 /2 HFF, 6C WPoeg:
9.85 + 0.22 mg/100 g Q1 Widof, HA WY ogL 862 = 0.17 mg/100
goe ZAs ot =g 3.6% K AL 13.14 = 0.22 ng/100 g

(GC)&} 12.18 = 0.22 wg/100 g (HA)o2 g AL Hoon,



4.6% R ZASos mastxe Azt verstch §2Y 6% @R
Ay ALoE GC WU ALY AYolME 123.40 £ 1.23 mg/100 g
o] Fg2egol §AY AoE Urida, B4 Y& RS AHAA
ol¥tT} H& 110.77 * 7.89 mg/100 g2 ZI2el& ¥Fol FF= Al
o] 42 & Sweeney5 ™ol Y AHAFEY FTd2uHE ¥P2A A d
st Zolgrt. t}E HEE AP SR FH2HE $F2 10.0 of
A 17.6 mg/ 100 g2 v]$ W Wl AXUoH ol K {AY
g, SAd2EE 323 Pl ALY WPl AF detA detd 24
2 239ch 2¥Y B, o8 4¥Y FAE] i€ o= dUFHLE
BHufsle 2P ulFH Yeld M HEFE AHEU o ofFo] UME AL
£ 3349l

3 919 Ae N uieh Zol FAFY KAY ¥BY Fsk
tiEo Zd2HE ¥3x uAFez FrES vetdiglcl (Table 7).
GC WHo2L BE2oln, A WHLEE 77 T} RaAY B &
el SYLHE Yol FAH2 2 ]2 ZHo] shestdct. 2y 2
F2E GC PP ZYLHE $Ao v BAI WA FFFHACL
Ea PP Ahgo] Helstd Y FH2HE F& FAHSE 4 A
of 2 o]£¥ct o] WYL FrHA ¥ UL ol &st=d, stue

dAEE A3} A 4ol &3l methanol & formaldehyde® HH A7) & Zo]

e

[T

-3

, T} slu @A formaldehyde®} acetylacetonez}e] #1802 405
nm ol ERE ZHo] s lutidined FAdstE Rolth™. of wyol
g3 ZE2EE P FFL FAE 6C Yol vz A eSS # o}
Uzt 3ol Baslny, oW A%g Wagsta, =W 42 32 /71 &
njo] £Alo] Futsivh, oy £ Ay Az} ol HEEE EiHA
T, Karkalas o] w2 6Cof A A WHE AE3le] {7 =9



ZHAHE $AF vy AE A3}, F 9Ty Aol E 4+ gt
3 gt EF Shen $F'L IRl Fe2ElE AT A UERSE
& Basidd, £ Ay FHee Aol 43¥ £ gAY, oinix
2} Al Eoll uwiel xpolst e RLE BAfHr)

2ol g og 6C Wye] sl dA don, o Wy
Byt defgds) Holgduol] HL 4o Algge] "Wasicie Ax 3y
o] ZHolct. T AL Yol uls] FA2HE FEYPol ol &l
8] ool 17103 E¥to] H A ot VR o2 ulgAsict stAlch. Jiang
5] wtz2w 6c Wgol th4e UR Mg FH2HE FFM x4
Uy e A dugojof gt stdct. A} E {AWY ©Fol &4
7] TIE $Re AEY SA2EHE Pl Uiy BRE S F o] wH
O dgolddria Alg¥ch

2. Recovery A ¥

GC Wge] M=z FYSE &5 %o 0.1, 0.2, 0.3 mgd] &
AAHES FAY 3.6% ol AAY ¥ S26HE F27H I 4
7NAE $£B¥siden, Hx YoM E 1.0 g FA2HES HSHA
th. GC ¥y & o[ &% MUY recovery: 100.07 ~ 101.9%8 UEl} AH
o Azizel FYEI & ¢ 4 Adrh Ao ;T2 PYP2S
recovery7} 90.4%o] njE3c. g A4 PFold 0.1 ~ 0.3 mgEEY
Zd28E Wie Yol ¢ 3ol &Fo| B/t & dH FH
of wal, FAFY SU2HE BT FY Mol L PPETE A
ey BYUCqM 4% 6C Y] AU E o] nigsicta A

=3



Table 8. Recovery studies of cholesterol in milk as measured by GC
and enzymatic methods

Cholesterol added cc! Enzymatic2
(mg) (%)
0.1 100.89 2,07 -
0.2 100.07 +1.46 -
0.3 101.90+1.16 -
1.0 - 90.4+1.34

'Means of 8 replicates.
Means of 4 replicates,

A 2 A B-cyclodextring o] &% FA 7 249

ICEE

1. B-cyclodextrin N 719 # 3}

B-cyclodextrin®] M7l%o] wlE ZAAHE ALY AolE FH317)
#18] B-cyclodextrin ¥a< 0.5, 1.0, 1.5 2.0x2 ejsigden, cie
4712 ZAELS th33 o] dRstAdch: Wt 2% 10T, 24t A3 10
. 2Nt £E 800 rpm, YAEE &= 111 x g, YA EE Az 10801
th. Table 9of uUtelyt uie} o], £42 B-cyclodextrin H7lFe] wE
ZH2HE AALEL 92.2 ~ 95.3%2 0.5, 1.02} 1.5%2] H7lolA Fo3

atol & Bolx] Qgtct (p > 0.05). Aol 2.0%5F HEIIY F ol 1.0%

Az

AT H} o %3 5= LAY 88.6%2] ZHLHE AlA Lol Ueikdch &
Aoy Borgke) wlE Z A& AL A7t YElYA] 92 o]

e, $5 A EH2dE5Y 271 oF 13 ng/100nl £ o]o]3le] A A

[o]



Table 9. Effect of B-cyclodextrin concentrations on cholesterol
removal from milk'?

Concentration of f-cyclodextrin Cholesterol removal

(%) - (%)

0.5 92, 2*
1.0 94.0°
1.5 95.3
2.0 88.6°

'Means of duplicate. Means in a column with the different letter
are significant (p < 0.05)

ther experimental factors include mixing speed, 800 rpm: mixing
temp, 10C: mixing time, 10 min: centrifugal speed, 111 x g:
centrifugation time, 10 min.

A Aol 0.5%2] Hriggeoes s FE3]

=

A4 A2 Fol AASHUT
W&o Al Hcl 0.5%Hcl o 3 B
7t ddcid 2 vzl HAE HoR AAZAC) ¥ B EMYS o
£ AYolA Hitgo] 0.25%d A7t 2leBg oo Wiy AN}E: FE
3] wtgxEgdeelet Atg®el. I ZAzto] w29 0.25% HPIA 64.6% FE
o 32 AALE Rolt 2oz Yelktch

B-cyclodextrin®] ZAHE MA AAE FAEEL oY ci2 B3
AR & 4 oot £ AN £8H KA €F 6% AP F &
e 95% olie Fd2HE AAL uetded, o F¢H B-

cyclodextrin M 7}8F2 15% o]Ato g 2fo u|2f VA WY go] T

-

-cyclodextrind A 7}8t Az}

Be & 4 gAdrk®™®.  oOakenfullZ Sidhu=™® SGold 1% B-
cyclodextrin H¥7l82 77.1%8 Z Y2 E AAS Atz Basigdct. o4
o] 4 LIt HA}Z B-cyclodextrin®] ZIHAEIE A|A A}t €U R
o2 AgHY, Agste Alge} AAAY ot 2AF wel Arsjord
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Al B-cyclodextrin®] &L c}F Roeg M),

2, 24 2xo oy

2t 2xof uld FH2HE AAELY xol& R fldtd 4, 10,
15, 20, 25Ce] =& ¢l HdHE syt 43 oE 2UE
2 t}&2 ¥r}l: B-cyclodextrin V718 1%, 29t &% 800 rpm, 22t A

Z10E, YHEE &= 111 x g gAdFe] A2 10§80t 2t 250

Table 10. Effect of various mixing temperatures on cholesterol removal
from milk"?

Mixing temperature Cholesterol removal
(t) (%)
4 93.7°
10 94.6%
15 93.0°
20 93.5°
25 952"

Means of duplicate, Means in a column with the different letter are
significant. (p < 0.05)

®Other experimental factors include B-cyclodextrin added, 1%: mixing
speed, 800 rpm: mixing time, 10 min: centrifugal speed, 111 x g:
centrifugation time, 10 min.

o2 AL HHE 4, 10, 15 20, 25ColAH K4 F zjolrt glgon
(p < 0.05) (Table 10), £ E AAE Hels= 93.0 ~ 95.2% =
2 w4 Yeldth oy 2 227 ZY4AHE AN s gy
337 2A] 92 Zeg ARdch B FEY gy RS, ¢4 B3
A8rE A7) 13 4Col A B-cyclodextrin M2l & stodx FeAw)

flo
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& AMAZolE AHI JdAonE 2R FHLHE AAo wi¢ EI}F
A whio]l Y Hog sloiHr),

ThE dYe] AME BA, 2 LEJ} 3% el £/ Fda
& AALo] HolAri: Rax dgdon® oot wdE lardy B¢
o= 27 9o} 40Co| AR} 50To] A 2k B9 AAZo] RYyog 3
btk Bastgoi?. 2 dgde %Y AP Ffet Ay 2%
7b X 9%o] A gL Reg uepygrt®,

3. AN A% Y
AR A o]l ME ZA2EE AALL AolE VU sldo 5,
10, 15, 20, 25822 A|ZtE deiste] AEE FH¥sct o] HEE ¢

3 dFE e RAEL th2H Urch: B-cyclodextrin W 7IgES 1%, 2wt

&5+ 800 rpm, AW 2T = 10T, €AEe] 5= 111 x g, HARe

2

fl

At 10&°]%tt. Table 116] Yelyt A& B4, 5 10, 15 2082
AL B o= FH2HE AAZA F3 2olE Rolx| Ysten (p
> 0.05), AMALL 92.1 ~ 93.9¥2 UYElytct. 2587 U AL
90.3%x% A AEo] tix ZAste F Yol UYeldEd, ol 2% At 2
Weg P8P B-cyclodextrin-FAAENE HHA7L i oA M Yl
v At Ala"ch 949 Az B o, HolA AgY 2Astolq
7138 znigt wigichd 2wk A zto] /o ZHAHE AMAC A= o
B HorEs aysiA] Yot H AoE MAL). gy ojict L
B-cyclodextrin ©#&o] HI/IHAY 2t 7 ¥ 2 53} Po] v}
Z359 W] wely AAEZL] o7l AU £+ UL S Fo Folok
Ui PF2Hc
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Table 11. Effect of various mixing times on cholesterol removal
from milk"?

Mixing time Cholesterol removal
(min) (%)
5 93.2°
10 93.9°
15 92.1°
20 92.5°
25 90, 3°

Means of duplicate. Means in a column with the different letter
are significant (p < 0.05).

Other experimental factors include B-cyclodextrin added, 1%:
mixing speed, 800 rpm: mixing temp, 10C: centrifugal speed,

111 x g: centrifugation time, 10 min,

Yen?} Tsuigol wWER lard®] ZE2e& AALE 30EAM 24 271A]
£ B-cyclodextrin®] 3ol &AIQlel F718le FHE Rolrirt 223
of 43 +2& #Ast: Aoz Hasgi'?. B F Lo Aol &
Holz] gtata®, 2=ze] FLojle AW Ao WE HAALY FHE U
ERAQCH. g1o) Ay Azl ¥ A¥Y Ast dxstA] U olfE
ANgY FF7F7 27 ct2cke 22 & + AR, =X Z A¥oicly 2
¥t 2232} B-cyclodextrin H7}, ALE¥ 7)o olFoR QA Ao

2 $3"ch

REEERIEL TR L
QuEel 459 4ol e FA2HE AALY ME 27| A

55, 111, 166, 222, 278 x g2 YA R x5 <23l A8 S £33l
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th o] d¥E ¢t dAE o€ ZAES &3 Pr}: B-cyclodextrin
Mrlare 1%, 24 &X& 800 rpm, AW TELE 10T, I AR 10
B OogaBa Azke 102o/dct. AA SAE A

AHE EUMNE £ Basi A YPe=
dct. BUAME g Ne QA £y #ist
x g2 108 €44 2t A By A2 3 dojute
APZo] YR £719 ol Boly Age &AW ©$Jol A L
ste dAS JAY 4 ddrt. wetd £ AP E= Ha £X& 278 x
g 2 3t ojlxr} WA 5719 i i Ee &x9 VS Avaz ¥
dcl. Sd2EHE AL 552 278 x g & §EolA FgHes W2 &
Y28 AALES B} (Table 12). Wede] 111, 166, 222 x g Folle

fe3 xol& RolaAl gttt (p > 0.05). IR W2 Wi S=EU

Table 12. Effect of various centrifugal force on cholesterol removal

from milk"?

Centrifugation speed Cholesterol removal
(xeg) (%)
55 86.7°
111 94.9°
166 95.9
222 91.5%
278 87.3"

'Means of duplicate. Means in a column with the different letter are
significant (p < 0.05).

2Otherjexperimental factors include B-cyclodextrin added, 1% mixing
speed, 800 rpm: mixing temp, 10C: mixing time, 10 min: centrifugal

time, 10 min.
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55x g ol B-cyclodextrin-Z A AHE HYA S FHol &dsix X¢
o8 A F5dol ot HYUAIL AEeiHo] FALHEL] AL
th4 yold Ao AlgHrh. olol tf 278 x g2 E2¥ Ffol= /A
Wol dAfel £719 AFHo Y sl AAHoz FYLHE Fx F
ol oz A £ AYEY JHEEY &x=E O HY B
cyclodextringd RS AAAIFA AgolA €33 AAY 5 A< 4

o2 golglel 477 © Way e Bt

o

5. 44 & Ay 3%

AA e Az Ay e ZA2HE AAZ AolE EI 9131Y
5 10, 15, 20, 258208 A|7tE delsted] AHS +3stadct. o] dES
13 439 8 RAELS i3} P}k B-cyclodextrinZ {7 1%, &
¥ T 800 rpm, 2 LEE= 10T, ZW AL 108, JME &%
E 111 x gl 919 2708 MHES ¥ F AMEUE 58T A
o, EYAHE A A &) 88.3%F CIE Aol vl FoFo2 WA e}
gom(p > 0.05), thE A& A F Lol 91.9 ~ 94.6%2 Z
2HE AALE 2. o9 Ay (25%) A2l AMAL] Ha
3= olfE YAEE =7 2 Z et oA E /KAWL Felo Ayt

Zo8 B AL



Table 13. Effect of various centrifugation times on cholesterol

removal from milk'?

Centrifugation time Cholesterol removal
(min) (%)
5 91.9*
10 94.6°
15 94.1°
20 92.9°
25 88.3"

'Means of duplicate. Means in a column with the different letter
are significant, (p < 0.05).

“Other experimental factors include B-cyclodextrin added, 1%:
mixing speed, 800 rpm: mixing temp, 10C: mixing time, 10 min;
centrifugal speed, 111 x g.

6. WSHEH FAyo] ¥ ZA2EE AA A A3

7}. Fractional Factorial Block

Table 20] e}y ulel o] 5 factor® 5 level 2 uUyo] 242} r}E
43718 Alg AL At Wt =F 800 romo e A ¥, 5
factor& SY P42 FH2HE AAEES FT4USTE slo SZY A3
Table 2049} el ojo] whEZ®W, B-cyclodextrin ¥ 7}8F 1.5% =ut

flo

X 15T, 24 A2 158, AR &% 222 x g, YR AT 158Y
o 713 2 AALY 96.9%F iepiglct. WOl B-cyclodextrin E 7t
2k 0.25%, =W 2% 10T, 2% A7 108, dAEe 4% 166 x g, Y44

el A 10800 64.652 HL2 HAEE BT
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L. ZH2HE AAY A 2D

#19] Yoz Aol ANE B2 FH5 U SYUHESFE T #A

#3387 98, thE37 EHE $¥AATHP. £ AAE 5% &
o] &AM Kool A: HFYHFE  B-cyclodextrin  (x1), B-
cyclodextrin® (x1%), ¥t %2 (x29)8¥ & Asto tjg3} e olxy
A& drh

Y = 40.089 x1 - 16.555 x1 + 0.013 x2* + 70.219

ety ¢/ ZY2AHE HAN E¥E uXE F2 factor: B-
cyclodextrin H7}gkz} 2wt £=2 viejytch whde] Umz] 37p2]9 =
JS A BAZ de Reg Ueiudoh A Ueld o4 E Ed
2 228 AALE #3 contour 2= F 23 RA (Fig. 1), t}
£ 23] BAglel B-cyclodextrin H7igo]l 1.15%duf 2cigtE ek
glen, 1 ol ZEr ol ANFAME UL Eo] HolR: o=
Uelstch, 53] 0.25%& AL Ffols 79.2%2 A Yo}, B-
cyclodextrin M 7}efo] 0.5% o] 4 Hojo} FAL R FYAHE AAL
o] goxoldeo]l @ Aoz Ardrt awt 2x7t FYHLHE AA L 0l
t E}E B-cyclodextrin F71Re IR Do, 95% Ko &
of &3tgict. i 2o FAel 2 =71 2,504 17.5CrtA] F7t
stAA o 5% FUlsle Y S Bt mR olal g oy FAFH
Zd2HE AAE AT A 2742 B-cyclodextrin PP 1.15%2f ant
2% 17.5CE AAsgdoen 44
of A= Mol 4T AA FHFA 94.2%% 7oA Aolrt ¢l Hold
t}.

< dYol o3 Ueid ZAHES EUER, #F /Y B¢ 239 -

_.:

sl A& o= 98 4%t
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Fig. l.Response surface plot cholesterol removal from milk affected

by B-cyclodextrin concentration and mixing temperature

cyclodextring] M7l % 90% o] 4] ZHAHEE AAZE ol 7Hesl
o, T3 U2 SENME +8Y 4 Atls AE ¢ + Aok o= &
Pl

& 2xo] oy £/ WA 2AS AAY § JUthes

—

lo

2ol A 4 glE F2 zolet At =X AFY &
® otz thE FAEE FEY + i ARH

al A X ot $&

olof thgt 177} o] FolAof & Aolth.
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A 3 A B-cyclodextring o] €3 A ZHYA2HE

A A

1. BgEH E4Yof Y TAHA2HE AA =239 A3

43748 zt7] chE ZRAEY Yol A3 U AE Z 7} Table 4o
el glch §le ARES EdE tFHNINHES ¥ A3} 95% K244
FZold Yo FH2HE AAZA IS nRAL factor: B-
cyclodextrin H 7} (x1), &R A7 (x3) W 2 &% (x4)dch =2
B-cyclodextrin ¥ 7182} 24l G ilojol= ABAALo] o Zog B
och. uvebd £4& i3 gl

Y = 39.30 + 8.43 x1 -0.296 x1® +0.0027 x3° + 0.0000048 x4° -
0.00074 x1x4

2. B-cyclodextrin ¥ 7}

age ZH2uE AAo) nA & B-cyclodextrin ¥t A}E B
$]8lo] Table 48] ZYE F tiE A EIE FAGo] 1.6, 5, 10, 15,
18.4% B-cyclodextrin ¥ad s wa FE3te] IS 2stAct (Table
14). A¥E Aztol Yepd ulel o] 10% ujgte] B-cyclodextrin atol A
E 371U+ E ZH2HE AASE 3] FEES ¢ & Ak 1.6%
MWrtAole 43.5% 2l 5% BriAlels 81.9%5 uehfdch 2y
10% o] 48] B-cyclodextrin ¥ 7l W7t S 18. 4471 F7lslods 2
ol & Bolx] ¢lo}, 10 F=qt HislH AYe FHAHE AALE

92% o] 47t &d 4 A& AL=E AEHT}
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Table 14. Effect of various B-cyclodextrin concentrations on

cholesterol reduction from cream'

B-cyclodextrin Sample Cholesterol
concentration (%) (n) reduction (%)
1.6 2 43.5°

5.0 32 81.9°"
10.0 18 92.4 ¢
15.0 32 94.8 ¢
18.4 2 97.4°¢

Means in a column with the different letter are significant( p <
0.05).

Data in each concentration were selected from Table 2, regardless of
other factors.

B-cyclodextring] M7}arg& 5, 10, 15% & ¥a 319 o, 2] A
HE AA 8L e 2AES gotd7] #iste thg dHS +%3
gt} Table 42 %¥ t}& zZZol: BAYel 22 B-cyclodextring ¥ 7}
3 AY AHE 7 B-cyclodextrin HI/IPEE TSI riFA7IEM S
+ysigct. AAE UYL £ 5L H2HE AALE F3si=d AHE
stgich. 2 3 Mobske] 10%d A9, 2 AT (xF)3 2 x(yF)71
Z2HE AALZ (2%) B S AL F2 factord R F4EIA
th. =29 oA e Zrh
Z=62.37+0.79 x + 0.03y - 0.013 x* (R* = 0.720)

o] $alo] 2l3 R3 " ZAAHE AALS A Ao 0EY of A
%7} 1,330 rpm 22 Z718E ool HIAE Yehddcis} (94.4%), 3
ol el Mt HEME L4stE FHE BAch (Fig 2). FH26HE A
A&} B-cyclodextrin A7hL2te] WA VAL ofg duE 3 =
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yee B30 3 g2daHE AAS s 1059 b

219 ¥} gle
cyclodextring ¥71Y 7 9ol 919 AW AHFHA A A&o] 94% o] 4]

rie & A¥Y ZAzes AAEHAA Y7 Hole} st

4+

@O
[N

(0]
[0}
cholesterol reductjon (%)

Fig. 2. Effects of stirring time and speed on cholesterol reduction

from cream treated with 10% B-cyclodextrin

~

LR R

w

axt TEE 30, 40, 50 £ ¥ F&, ALY ZA2HE AAM B

A= 2AEE ootz flsted ezt 22 4¥E& +¥stdrh

o
e
3

N
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427 g T & Zdol: Al A8 ayt 22 £33 Y 2

€ 2 2t 2EEE EPs I HIENE £YstAd. FAE U2
THEL ZHd2HE AALE F3sted AHgstdct. 2 Az, 303} 40
CojE ZYAHE A A&l B-cyclodextrin N7laol ojsjynt AAH
= Aoz deikta, gl FUMESE AAE =¥ FIES B
(Table 15, At& " 44 X §). B-cyclodextrin 10%E H7I¥&wl, 30To]
M 88.1% 123l 40TojM = 85.6% 2 AHEo AA" Aoz Yely

=

Table 15, Effect of various f-cyclodextrin concentrations on
cholesterol reduction from cream stirred at 30 and 40TC

Stirring temperature ()

B-cyclodextrin (%) 30 40°
5.0 82.1 68.3
10.0 88.1 85.2
15.0 93.9 99.9

The mean value was estimated by following equations: 'Cholesterol
reduction (%) = 76.13 + 1.19 PB-cyclodextrin, “Cholesterol reduction =
51.69 + 3.32 B-cyclodextrin,

98] ZAete tiEA aw LEE&
cyclodextrin H7lef®al ozt 2ut &5 F§ £ factorZte] A% A3
BE AAL I¥E uvAL: Hez2 Jeiycr (Table 16). B-
cyclodextrin §&o] F/UL&F ¢ Wt &7 FHAUL&E ZeLHE
AALL F718t: AME Bort F factorZd B-cyclodextrin A 7}akol

¥ v A o 2 Ao Yeiyth Bl o H¥siA bl aE

50CE A BRele B-
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71 s ohgt 22 Wyl §ol¥ Aojrh. B-cyclodextrino] 10% A
JtElodgul, 86.1, 88.2, 90.2%% W K=o FUto] utet By FApA
& Ieled Wwslq, awS=7t 1,200 rpod] FEE EHAE 77.3,
86.1, 95.0x2] ZyAe|Eo] B-cyclodextrin 7} 5, 10, 15% ¥ 7ol
wel AAS ] F7 F47 @43 FUEE & £ AATh

2 AYHdold 33 $8Y F2HES AAY AYH Aol s,
At 2o g¥ BAF E F+ QArh ot R BPoe AN

dgog syl Lol AW Feix dojubA] dsteny, A&

Table 16, Effects of various B-cyclodextrin concentrations and
various stirring speeds on cholesterol reduction from
cream stirred at 50TC'

Stirring speed (rpm)

B-cyclodextrin (%) 800 1,200 1,600
5.0 77.3 81.1 86.7
10.0 86.1 88.2 90.2
15.0 95.0 95.2 95.4

'The mean value was estimated by the following equation: Cholesterol
reduction (%) = 57.14 + 2,51 pP-cyclodextrin + 0.014 stirring
speed 0.00096 B-cyclodextrin x stirring speed.

gAY HSole uFA Hefdn, B 2= Aojo utel AR F

Bl7h BA8 waby 50T FEAME AL Aol st 0TAME A

E3 e g2 "ol Hol tiErian © 4 gt ZHAHE A A&

dA 4 o4t Hrid 40T7 AEY WA AANAN HAE §ol3}
A

the Holq AYsiciz Ats€ch

1Y
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4. 29 A

2 A]E 10, 20, 30222 ¥ J¢, Y FH2HE AA I
BE nxes 2JES Yoty Hslel o UHE +¥3tdch Table 4
FE o xdolEs AUl o8 AW AR £uY UY AHE
2 At AIMEE 2 YIS ¢t oY Az U
TAEL Ed2HE ANALEE FP3ted AEsidct. 2y ARe 108
o2 @ HYolM= B-cyclodextrin H7IR2 2t x5 F factord
p-value7l <0.001 £ Uely FH2EE AMAo F2¥¢ Y& nAE: A
2% Yelsitt (Table 17). 8 o] 43 3L Qe Aog Yelyd

b

Table 17. Effects of various PB-cyclodextrin concentrations and
various stirring speeds on cholesterol reduction from
cream stirred for 10 min'

Stirring speed (rpm)

B-cyclodextrin (%) 800 1,200 1,600
50 77.7 80.8 83.8
10.0 85.9 87.4 83.8
15.0 94.1 93.6 93.8

'The mean value was estimated by the following equation: Cholesterol
reduction (%) = 60.48 + 2.25 B-cyclodextrin + 0.012 stirring speed
0.0079 B-cyclodextrin x stirring speed.

t}l (p < 0.05). B-cyclodextrin M7}jeto] 5% w, ZHAEHSo] 77.7%
(800 rpm)2} 83.8% (1,600 rpm) A A=t uwiAHo]| 94.1% (800 rpm) &}
93.8% (1,600 rpm)7} 15% B-cyclodextrin M 7}A] A AE ) o] Az=z

B-cyclodextrin ¥ 7}gko] ¥l SRl AP ZHAHE A A A=
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Fyol Arte RE ¢

ayk AZE 20822 3dg dio ZH2HE AALS
x

(z&) B-
cyclodextrin B 78} (x=)

45 (y3) 231849 BAZ Fig
30] UERSITH (p < 0.05). £29 44e the grh.

3 2

L o

2z = 3.155 + 10.65 x + 0.366 x> - 0.000001 y*> (R® = 0.965)

3y ZY2LHE AALEL 15% B-cyclodextrino] H7IHA S ol 71¥ %
2 Fx¢ 97.99%2 FFEHAL
&

. o o] HItele 2318 AALe] tf

zaste 2oz sy

4 5% mEd F- 980 B-cyclodextrin 1¥5 H7tstz auk
2te s,

>

!
10, 15, 20822 a3t B9, 92.5 ~ 93.9% =9 Fel2HE

ol AASHACtL stfdct. & HEY B¢ 10 ~ 202 FES 2N Ao

=

15%2] B-cyclodextrin o] B 7lElolofqt 90% o442 AAES Ueles ZA

(@]

n (%) R

O
(@]

cho\cstcro\ reductio

Fig. 3. Effects of B-cyclodextrin and stirring speed on cholesterol
reduction from cream stirred for 20min
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o2 8 o, RAY g3, & FALHEY YFol Fridol et b-
cyclodextrin W o] v Foz FIEE ¢ 4+ ddct oS L EadA
L B-cyclodextrin o] Tl27]= 3t} 1208 F o 2dt xjof 83%] A
ALe 5 ALE At MakotoF5B”2 10% B- cyclodextrino| A

7 e X2 BEolA 1083 Ut 62.9%, 208 ZutolA 91.1%, e
308 ol 94.6% o e Eol MAHACtR st o] A} 208
Bxeo aytog 90% o] ZU2HE HALEE 2Y 4 drla Bas
drh. a8y ¢ FYAHSS 2.7% B- cyclodextring M7Isl, 5,
10, 1582 2039 S o, 64.2 ~ 73.1% Hegje] ¥ FH2HE HAS
& 2o MEY 28/, 54, AEAY 2 2 (&, &% F)ol wel
233t 2ol § Hol Zog Jetych wety ZHLAHE AAES vl
g o, oj]d BE RAES ZUstd A}E M5l ¢ Zes xsd

24 £% 8 800, 1,200, 1,600 rpnl 2 ¥ Z9, AP FAAHE
HAo] d¥g e RIAES dohl7] st g dES +%3d
tl. Table 42X ¥ cl2 2ol BAGe] tld AWt &2 +%Y 4H

2 233t chFH 724 & +¥Ystdct o] ¥
A2 U2 £ ZY2HE AALE F+F3ted Agsigdco. 2w
4=7} 800 2 1,600 rpml B fols Zd2uE AAL 4B¥ES vA=
factor: %hx] B-cyclodextrin #ojglc} (Table 18, 44 E¥). A
& AALL B-cyclodextrin H7lFe] Fuldste= o2 yelytch 800

rpn Q2 WAl 79.0 ~ 94.2% o] ZHAHE AALo 5 ~ 15% PB-



cyclodextrin ¥ 718 el o, 1,600 rpme] 7 -2ol%x 83.9 ~ 94 2%

FAG AAEE Bocl

Table 18 Effect of  wvarious B-cyclodextrin concentrations on
cholesterol reduction from cream stirred with different

speeds
Stirring speed (rpm)
B-cyclodextrin (%) 800" 1, 200
5.0 79.0 83.9
10.0 86.8 89.2
15.0 94.2 94.2

The mean value was estimated by following equations: Itholesterol
reduction (%) = 71.45 + 1.52 B-cyclodextrin, ‘Cholesterol reduction (%) =
78.82 + 1.03 P-cyclodextrin.

ol tl=ZA 1,200 rppeE Ut A Qo= B-cyclodextrin X7}k
()3} 2t AL (y&F)Fo] BF ¥ S uA & ojxgs FAE & 5
gt (Fig. 4).

z = 17.99 + 10.39 x - 0.354 x° + 0.00025 y* (R* = 0.863).

FA oA B viel npAIAE, B-cyclodextrin Y 7PFo] 2ub AJECT}
94

JAHE AL D= Vo] F& & 4 Ut g4 o3 3 Y
o] 15% B-cyclodextrin A 7}o] 308 7t 1,200 rpmoilA] 3uIA] Xt HAS

2 97.82%% HE ).
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cholesterol reduction (%)

W~ P
o o O

Fig. 4. Effects of B-cyclodextrin and stirring time on cholesterol
reduction from cream stirred at 1,200rpm
6. ddie &=

QAR &5 F 222, 333, 444 x g B 8 AL, AP ZYAHE

AAo §ue ulAs ZASL Uolwsl st the UYL S8
Ch. Table 42 % T}E Zol: Aol 12 Y Ee SE2 $4Y
3

AYE A4S 7 dide £283 IS ciFHIEHE ¥

st it



o] Al¥e AE U2 $£AEL FYLHE AAELEE F33=d A1
drl, YAlEe 4571 222 x g (Table 19) 2} 444 x g (Table 20)1 7

9. B-cyclodextrin M7igz2t 2wt 4271 FALHE ANA LN 4482

Table 19. Effects of various B-cyclodextrin concentrations and stirring
speeds on cholesterol reduction from cream centrifuged at

2000 rpo'
Stirring speed (rpm)
B-cyclodextrin (%) 800 1,200 1,600
5.0 79.9 82.2 84.9
10.0 86.9 88.3 89.7
15.0 94.4 94 4 94.5

'The mean value was estimated by the following equation: Cholesterol
reduction (%) = 63.05 + 2.06 B-cyclodextrin + 0.01 stirring speed
0.00067 B-cyclodextrin x stirring speed.

Table 20. Effects of various p-cyclodextrin concentrations and
stirring speeds on cholesterol reduction from cream
centrifuged at 4000r‘pml

Stirring speed (rpm)

B-cyclodextrin (%) 800 1,200 1,600
50 77.7 80.7 83.7
10.0 86.1 87.6 89.0
15.0 94.6 94.4 94 .3

'The mean value was estimated by the following equation: Cholesterol
reduction (%) = 60.41 + 2.29 B-cyclodextrin + 0,011 stiring speed
0.00077 B-cyclodextrin x stirring speed.



aladct. o] ¥ factord B-cyclodextrin ¥ 7}

12

7IA 3 8E S ¢ ¢
o] A Tt I HEO 2Bl A2 Jelyth Table 40]
UElCE upo}l o), 222 x g2 YA Bt B oM B-cyclodextrin ¥
7ter ZJte] ulAsle] ZHLHE HALS F7isiAch AAES 800
rpm® 2 R4S} B-cyclodextrin W7iako] 5 ~ 15% ¢ uwf 79.4 ~
94.4%0|21 3, 1600 rpmo & 2uIFt H ol L2 B- cyclodextrin ¥ 7}
ol 84.9 ~ 94.5%2 \jejutch. o9t uleg PAo] 444 x g E YA
gigt Aol s Ytk

44 B 4§57 333 x g & B9 FHE Fig. 5o) yehhalrt. B-
cyclodextrin 713 & xZ O sta awt A g yHoE st oYL
BAE Ron O $A2 otefe} Urh.

z=18.99 + 9.96 x + 0.281 y - 0.332 x* (R® = 0.959)

B-cyclodextrin ¥ 7jgto] aut A tBcl A ZHAHE AA A=
Azt o & ez Jepych awt Aol 10FeldE o, 8-
cyclodextrino] 5, 10, 158 Z71%448 AMALEx Zz 62.9, 88.0,
96.3%2 F43 F/IUche A FALENEH /37U 4 Addch

1ol RE MEAAES Y & o, 2Ye] Z2eE AAE AN
D sjoly factor5} ztzte] ZAEE cidsix|qt, B-cyclodextrin 37}
o] 2 Agold HELH factorE F 7I1F F2EY e AgHr). B-
cyclodextrin M 7igkgt HAsicid IPe ZHAEHES 94% o4 S AA
3l Zlo] sissitin BojAch Y B AHEY WY ol &3t A
HEol AAY = 24" olol23Y, ¥H, Y33y § o€ #ASH
el 23 Hed & AAIY dEolel 3t
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Fig. 5. Effects of B-cyclodextrin and stirring time on cholesterol

reduction from cream centrifuged at 3,000rpm



A48 aYe SA2HE AA o] & B-cyclo-
dextrin ¥ 8 HH3} =7

1. 2d2dE2] <dd Sulo] A S 2

B-cyclodextrin-ZHAHE HYMoly ZA2elES Felsiulr] i3
of ¢4 gulE HFsI] A ou] AYe2 ©d Bojo FALHE
Sl=E Hlastdct (Fig. 6). Zd2HE ElTst vjzy g3
butanol & 1.002 2 3}y ulz gt Az}, chloroformo] 1.058 713 &4 U
El Lt o, hexane isopropanol, acetic acid €28 0.92, 0.84, 0.80¢]
H 23 £ R3S E ¥cl utdHo] ethanol?} methanold £3]% 7}

0.572} 0.34F YA Ueputc}. vj2 A Q1 hexane, chloroform?] I AHE

1.00}
0.751

0.501

0.25¢1

Relative soiubility

Solvents

Fig. 6. Relative solubility of cholesterol with various solvents

1 : Methanol 5 : Cholesterol
2 : Ethanol 6 : Butanol

3 ¢ Acetic acid 7 : Hexane

4 Isopropanol
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=7 woorl, Hygdel #3tn flsiy AR JriF e nix 4
AE ¢18) iy Algsirlole £AY ¥ o2 Yeikdch ofo ity
butanol, acetic acid, isopropanol% & ZHAHZE §3si=d x2H
ol 7tAxE Agsie AL HdYol HAYY} A2 ueiylcl mepA
4g oo Aefo] it B-cyclodextrinol Faslo} gl v 2l
Y2l 87 AMAE w34 SolY butanolz} 344 &nied
acetic acidl} isopropanolz} A AXF vl &2 H3 Boujrl 2 HAE R
d RAe® 7o Art. -

2. B-cyclodextrin-Z A& HyAqe] S3xof &3 o VY

o] AYoME 77t Y tIE Y {ulE WEo ¥z HEINLUIN,
acetic acid : butanol = 3 : 12 TYY &l & 1.0022 7S sl
%t} (Fig. 7). % &1l % hexane : isopropanol = 3 : 2 &1 Z 47t
1.0322 71&%3 A &A= E Rdcth o 6712 &uiEe] &A=
E @A UA JUeigon, 34 &oje v gol AW +5 &=t
Asge o 4 oladrh. o] @b Pagington’’o] B-cyclodextrinzt ZAY
st #2171 A& Y +8%8 &ulE A& Slojol B-cyclodextrin® &
2215 EUrIst folsirte et dX3te At uizhA
g, vl24 Soie AR ul o] ZH2HEY F2&E AYsl=d F
f3jria g€k £ AY ZAzol 28, hexane : isopropanol = 3 :
29] &= AR oy AN K4 A% FHAM acetic acid
butanol 2} £33 SuiE HYMZYE ZA2HE Eelo] o]&3rI2 A3
st ch.

ez
g

du



Fig.

o

-3

wn
t

e
tn
<

0.251

Relative solubility

2%
1

Relative solubility of cholesterol-B-cyclodextrin complex

with various compound solvents
1.Chloroform : butanol = 2:1 5.Chloroform : hexane = 2:1

2.Butanol : hexanol = 1:2 6. Hexane : isopropanol= 3:2

3.Chloroform:ethanol=2:1 7.Butanol:acetic acid = 1:3

4 Butanol : isopropanol = 2:1

3. Y gule) uj & A3

HetNe] FZ2E B-cyclodextring FAlo] FAHEo] 710 Eod&

Hel2 olFolct ZdP2HEL el sl dE B-cyclodextring

£347} A=A o] oo} stng H|FF fulfol vlal 4 &uly ¥ ES
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ool & Reg xmsdct. metA e MHBolAH HHE acetic acid
¢} butanol®] ¥ & & We|stHAM cje FYLAHE &S 271 93
F8sldon], 1 Azl Table 210] Yy} gt Sd2€E Felof o]

Table 21. Effect of ratio of organic solvents on dissociation of
cholesterol B-cyclodextrin complex in cream

Cholesterol
Solvent ratio{v/v) dissociation(%)’
Acetic acid : butanol 1" 2 Sum
4 1 51.63  18.16 69.80+4. 06
3 1 70. 23 8.08 78.31+4.06"
2 1 4318  15.06 58.24 +4.06™
1 1 44.56  12.08 56.64 +4.06°
1 2 36.10 7.09 43.19+4.06°

Means of triplicated cholesterol extraction, Means in a column
without the same letter are significantly different(P<0.05)

Other factors : B-CD added : 10%, solvent : B-CD = 9 : 1, mixing
speed : 100rpm, mixing temp. @ 50T, mixing time @ lhr,

£¥ t} fujel H3AY uvlgol 9 & 1, W HEE= 100

0T, 28t A2 1A ez AP} Acetic acid ¢

rlu
(lo

23E

rE,

2z

rir
n

rpm, 2
butanol 2] v]&o] 3 : 1 ¢ F ol ZHAeES Fel&o] 78.31%F Hf
gt Butanol®] Achd ulgo] A FIUSLF Zd2HE 2eg2 2
A3t M8 Bol: ZAog Yelytrl 28U acetic acid : butanol =
4 : 1 ol 69.80%2 LtelL} butanold] u]&o] YR FHolx ZH2HE
TElols EaAola] 42 Aog Bl o ARE Erl2 ¥ AYeA
BUA Zd2dE Eelo A8 TY B u]&L2 acetic acid
butanol = 3 : 1 & M3t



4. 138 Sl By Y vl E

713 Y Lo A8 (B-cyclodextrin-FH A& H§N ) ul&
& Zolul7] st 67129 clE Y vl & & FE3lo] FH2HE 2
&8 MAstaA stgdtl (Table 22). SYLHE &2lo o] 88 ti1E 23

Table 22. Effect of ratio of organic solvents to B-cyclodextrin on

dissociation of cholesterol B-cyclodextrin complex in cream

Cholesterol
Ratio (v/w) i jation(%)!
Solvent : B-CD 1% 2 Sum
9 1 43.79 29. 80 73.59+3,22%
8 1 42.77 33.71 76.48+3.22%
7 1 43.91 32.82 76.73+3.22%
6 1 53.16 29.34 82.50+3, 22°
5 1 40.96 28.90 69.86+3.22"
4 1 39.40 29.93 69.33+3.22°

lMeans of triplicated cholesterol extraction. Means in a column

without the same letter are significantly different(P<0.05)

Other factors : B-CD added : 10%, solvent ratio of acetic acid :
butanol = 3 : 1, mixing speed : 100rpm, mixing temp. : 50C, mixing
time : lhr.

5& gujet By wgo] 9 : 1, 2 HEE 100 rpn, 2 SEE
50C, I AR 1A%eg Fsidct. Fatd FH2HES FE¢ 2
of ofstd, EY Luje} AJge] vl &o] 6 : 11 ZF-Foll 82.5x2 At} 2
&8 ¥ch 28y ol ¥& &, 9 : 1 (73.59%), 8 : 1 (76.48%), 7
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© 1 (76.73%)9] v &2 EUY Fd F93 Aol ATt (p > 0.05).
guje] v go] I oj3tE ZAHUA Za2HE FUIET ZAde A
g 2Ach #7] &0 @& A8 20802 FIslH S ol EH2HE 2
2] &2 70.94x%itt. uletrd goje] o] FIslox FH2AHE Felof 1|
AL B2 2¥A 3A 42 Aoe vyt I Foie Po] YF
A2 Bfol: St gui Y ¥ Fe2dE 3FE A 3 NS
e ©AA oalgo]l Uetdtct 2 AE FYste Luis} A8
o] M&& 6: 1 & AAstAct

¢

5. 2t &%

7HR AU 2w £ 5 A3 45t 50, 75, 100, 125, 150 rpm

o 422 VY F9e] Fe2HE Felae YAt T 2AEL

Table 23. Effect of wvarious mixing speeds on dissociation

cholesterol f-cyclodextrin complex in cream

Cholesterol
Mixing speed’ dissociation(%)’

(rpm) 1* 2 Sum

50 33.81 33.98 67.79+1.95

75 35.17 35.40 70.58+1. 95"
100 51,63 24,96 76.59+1,95"
125 47.17 26.71 73.88+1,95°
150 49,92 23.13 73.05+1,95*

'Means of triplicated cholesterol extraction. Means in a column without
the same letter are significantly different(P<0,05)

Other factors : B-CD added : 10%, solvent ratio of acetic acid

butano! =3 : 1, solvent : B-CD = 6 : 1, mixing temp. : 50C, mixing

time : lhr. “Mixing speed(rpm) is from shaking water bath.

_94_



acetic acid : butanol = 3 : 1 ¢1 BulE Srole} EHYyA vl 8&8E& 6 :
1, 2t 2E& 50T, At ARE 1A% Pstgen, F: Table
230 yep} glch o shA1g T X F 100 rpol 2 2 ol
76.59%2 2|the] FAHE ¥o&S Uehigdcl. gy} 75, 125, 150
ren S 2 YR Aol {23 xpolE Roljx| ol Eelgo] Aol A
gedtiz & 4 Q). wigle] 50 rpno 2 WY ALolE 67.79%8 Ee

E Foos W2 A& Brl (p < 0.05). @etA 50 rpnd] KE 14
=L

2 austE Ae Ao Zyasgcl gulo] 288 g5y zhos
L Rag o As¥ch AAUFSET 100 rpn oA HYANE ey
2, 3 ol4e &EoldE ASsix YonZ HAFY 2wk £E2 100

rpm& A F3tgct.

6. =2ut A2

YUY At MRS A7) #ske] 0.5, 1, 2, 3, 4, 5 A7 ang
B9 FY2HE 2elgg st ol 2AEL acetic acid
butanol = 3 : 1 ¢ §uvi& Griel Hyae] v &L 6 : 1, AW &45&
100 rpm, 24t LEF S0C L2 FYsigon, of Ay Ab: Table 240
UEbL glTh ARERE Al A EE wlad BE 247 aiy Feo
81.84%% 2che] ZHAEE £2 &0l UrldE& ¢ 4 ddch ZH2HE
TAEL 1A 23} T ol A ZeME AolE A9 Xolx glgte

0] b2 62.26%2 FEE&E R foFoz LY £AE

=

Hocl (p < 0.05). watr] 29t oA} nj2rixg 308 24le g
= SN S Eo Fse d FESA dris A 4 £ 9



oth. el AR (4, 5AZHe 2 T 2 48 njA ] Y= Ao
2 UelU 241zto] 7h8 MY Hog uctEgrt, o Az BF 5P
o Ao} SAY Aoz, 5o Yol wpEwW 2y AJPe] 2 ~ 4 Al

Fed o BYAN=FE Fq2dES Sl 7MY AYsicia 2o

Table 24, Effect of wvarious mixing times on dissociation

cholesterol B-cyclodextrin complex in cream

Cholesterol
Mixing time dissociation(s)'
(hour) o 1* 2™ Sum _ .
0.5 42.49 19.77 62.26+2 22°
1 46,84 29.21 76.05+2,22°
2 52.77 29.07 81.84+2.22°
3 50.48 29.34 79.82+2, 22°
4 45, 41 27.33 72.74+2.22%
5 44.28 26.18 70.46+2 22%

'Means of triplicated cholesterol extraction. Means in a column
without the same letter are significantly different(P<0.05)

Other factors ; B-CD added : 10%, solvent ratio of acetic acid
butanol =3 : 1, solvent : B-CD = 6 : 1, mixing speed : 100rpm,
mixing temp. : 50T

3ot}
7. 2N g%

Ay o8 e 8 AAS ¢l5ted 40, 50, 60, 70, 80TCE murgl
A2 ZH2HE Ee2s FAsigcnh. o€ 2AEL acetic acid
6

butanol = 3 : 1 ¢ &ujs &ojo HNe v &S

1, &

re

45



100 rpm, W A% IARLE stgen, of WY A= Table 2504
ety glch 48 Aol w2y, 50Cdwfrt AcAE Eded I 5

Table 25. Effect of various mixing temperatures on dissociation of
cholesterol B-cyclodextrin complex in cream

Cholesterol
Mixing temp. dissociation(%)’
() 1% A Sum
40 27.51 24.96 52.47+1.43°
50 57.93 22.07 80.00+1.43
60 57.62 16.50 74.12+1.43%
70 51.72 20.15 71.87+1.43°
80 49.33 20.22 69.56+1.43

'Means of triplicated cholesterol extraction. Means in a column without
the same letter are significantly different(P<0.05)

Other factors ; B-CD added : 10%, solvent ratio of acetic acid
butanol =3 : 1, solvent : B-CD = 6 : 1, mixing speed : 100rpm,
mixing time : 2hrs,

X 80.00%%Th. ol 60TCE Y F oo L&A #93F xol&
Bolx| ofgton}, I 29 thE 2x2ohE AolE Bt} (p < 0.05). 40T
olxel 2yt ole e FHAHS P8Y B FEY 238 APl
A £ole A2 Yelyit

Pagington'o] wt2m £ Aoy MY d, ¢ 23 HaFe R
3tx] B FAAHEo] SN UF EFHQA FFol 60Co|tez avt
e e Fd2EE o AYslA gria st weld 50TolA
gle] 2o awste Aol AyYsicln Alg ULl
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8. WS ET EAYol Y HUYAZYEe FALHE e =2
%3]

7}. Fractional Factorial Block

Table 60 UE} ule} o] 3 factor§ 3 level® Uro] %z tiE
27708 AE 23& Ach. &l FH/E acetic acid ¢ butanol = 3 :
12, 8o : A2 v]&L 6 12 2P F, 3 factor§ HYHSFE 2
YA E Lel &S F45UTE 3t §H Y Z 4= Table 50 Lpepd ol
tt. Ed2HE T FH A F&sidcth. olol wE™H  f-
cyclodextrin-Zd A€ & HUYANZFH F2HEES £st7] ¢ 2y
4% 100 rpm, Yt 2EE= 60T, Ayt A2 1 A Ao MR B2 E2E
96. 093 uviehjiglict. ubdo] WP &% 100 rpm, WP &% 40T, Iyt

A% 2 Aol A 60,082 A 2e&S B4r).
U Zd2HE 2l Ay =z

#o whiog dojd HAE EdlE FH5AF (EEE) o S5HHSE
7o) BAE F98 e, tiEs] EHE $4stAnt’®. sy A
2, 95% £EAA KY8e]l Ut FYH,LE AW 2E (x1), Ay 2=
(x2%)3o] M=o Thg3 22 olaAyF+AE FAUrh

Y = 7.741 x1 - 0.068 x1° - 131,015

up2ta oM ZY2HE Tl FAY FYS

2y 25 oz yelyc. Hdo UnjA] 271219 AL 43 #AVL

e o2 yeliych ZAE Uehd ojAU4F ErjE FHAHE AA

o] x] &= factore



L

3 olxiyy D g IdRW (Fig. 8), ttE Ao AU

s #
2 er} S7CLzA Folsich Aoike dedaden, 2 olgelA
E e 24 248 Ushigrh FAYes 29 459 2¢ AVE 2
d2E Belgolt F%e wAA Ut Ao yeidch $aol g

oA E 57T W2 o)A 96.50%8] ZYPAEE AL ¥

s
£ ZololA f-cyclodextrin Y LY 71 e AAY K& Azetn

A2 H ).

Cholesterol dissociation (%%)

Mixing temperature ()

Fig. 8. Response surface plot of dissociation of cholesterol-§

-cyclodextrin complex in crean



9. UL B-cyclodextring] o] f

Hel A 2o 23 ALY B-cyclodextrinW & A7 Ay
A E HALEL controlE 3o], 571x]2] C}E 2 Y& B-cyclodextrin
3} A}g381A] @& B-cyclodextrin ¥]&, & 8 : 2, 7: 3, 6 :4, 5 : 5,
4 : 62 AALE vlaslgr} (Table 26). FA1W ¥ato] 6% AYe] &
dAHE YRS 123.5 ng olAL, AHRHA %L AMEE B-cyclodextrin
1052 A YT A3} 4.7 mgo] F&H] 96.17% AALEE Bt 2
Sy ol uiehd ulep o], T g AY-LY B-cyclodextring W7}
¥ G 75.07%0] B Ee & AolEF uvehiddch ot F FF b-
cyclodextrin& o2 u]&% FYstd H7stA =Hdch AL B-
cyclodextrin?} A}83}x] 942 B-cyclodextrin B]&o] 6 : 490 ZHLo} Z

A E A ARl 95 59%% LIelL, A&31A] & B-cyclodextrin3t &

Table 26. Mixing ratio of used B-cyclodextrin to new B-cyclodextrin
on regeneration of B-cyclodextrin

Ratio{w/w) Reduction of cholesterol’
Used B-CD : new B-CD (%)
Control - 75.07+2.33°
8§ : 2 81.83+2 33"
7 3 84.71+2.33°
6 4 95.59+2. 33°
5 5 89.39+2 33°
4 6 87.72+2.33°

"Means of triplicated, Means in a column without the same letter are
significantly different(P<0, 05)

Other factors . B-CD added : 10%, solvent ratio of acetic acid :
butanol =3 : 1, solvent : $-CD = 6 : 1, mixing speed : 100rpm,
mixing temp. : 57T, mixing time : Zhrs.
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Y Zee 2 B2 AAES 24 g 47x] e &Y vE&R
A B9 81.83 ~ 89.39%x2 Pslof &, control Bl &2 AAE
& Bgou} 6 49 ul&o& njAA] Rl FAE BAch odeid g4
€%t B-cyclodextrin Thi& Abgsio] g FH2EHES MAS o= &
&40l BolxE22 A1E3A] g2 €4 B- cyclodextring EYslo] N
Zist FAd} B&/E WolMq AW BAE A& 4 A& He2 Jd
"}

A5 3 Zd2HEC] AAE fASA AY

B a7 Mg A2y A 1, 2, 3, 4¥olM dFY AAE V2=
7 R FASY 4G JHedE BAB] st A AT

1. Cholesterolo] AAH &2 A

7}, Bz 24

Cholesterol & AMAY {2 EF MIFH S Fig. 100142} Yk Ut 4]
A3 e AL R FEF AR =BI0] #8731t 50T KE
4T ZF=2 PZ81n, 1%2] B-cyclodextring 715t 100rpmo 2 1582 2yt
Rtct, ¥ cholesterol & B-2R3F B-cyclodextring $H8 HEl Heisiry] 3%}
o ofz} gl ¥ FHE i AAgch ela Fel¥ SRF dIA s
B2y 2Rl
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EaNEEENEEEELENELCEEE

S[EEs (24 .

{ B-cyclodextrin ¥ 7} (1%) ! - ! 28t (100rpm) , 10% 1

—

_’I oAz U HF, B-cyclodextrin #&} J - (7}%7%3} %

RECEXSH

Fig. 10, Cholesterol & M AR /] EEAZ 3 i

ol A Aus EE22Ho] ulgl cholesterolo] MAY 8§ /Ut Az},
pilot scale?} thadA84t BB cholesterold] A7 &o] 94x2 PFstgon,
B-cyclodextrin®] #2|% Q¥3steict. et EEARFZ Yol ditgF R} ol
4 B Ho] 2lgdch

U s

gl BEAR FHL o83t B-cyclodextrin®] 3 0.5, 1.0, 1.5,
2.0x5 ZtZ} 9ol Aejste] MUY AFTES VPR A= Table 273 2
th A QA 242 oMt B-cyclodextrin 0.59 1.0% M2] A|lg& thRF
oldst fapstdon, 2.06 Me| AgE dY¥HA £§ glo] ohgrh a2ln
tholo) cidt ZAME B-cyclodextrin 0.52 1.0% Agl A8 o]z} o]
8 HolA] YR 2.0x Me] A ©ute] Fvt d@ASA gl ol
Ao e BRE A87F gz AY xejrt giglch o] d¥Ee Az} p-
cyclodextrin 2.0% M 2JA] cholesterol®] A& sratshL} gigto] YL 7|

ool vl 3tx] Qigten] Wrbdze] U E 28shH B-cyclodextrin 0.5%
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Ael $/7F 718 ZFolgdtia Alg¥Erl. A o] A Ha} U 2
Fotol4age AdEhe vl JHe Ree Algdr.

Table 27. Sensory scores of cholesterol removed market milk treated with §

-cyclodextrin'
Sensory Sensory score’
characteristics A B C D
Normal milk 3.20° 318 315 2.50°
Sweet 3.15°  3.20° 3.25" 4.20°
Off-flavor 1.50° 1.5 1.53* 1,58

'Sample A : market milk(3.6% milk fat)

B : 0.5% B-cyclodextrin treated market milk
C : 1.0% B-cyclodextrin treated market milk
D ! 2.0% B-cyclodextrin treated market milk

Means of 5 replications, Means not followed by the same letter in the
same row differ significantly{p<0.05)

As the wvalue increases from 1 to 5, the intensity of sensory

characteristics increases.

2. Cholesterol S Mg olo]Aa ] REAARX T A

TR HFol 1% 1F ofo]2AHE M=3}7] $13t] 4 olojAAY
£2] il E thest Zol F&3tolrh

oolAZgl wael wjgt

- Y AEHE Me| ZU(36% FAY) ¢ 40x
- ZHLHE Mel 55K 20%
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e} : 19%
£ 20.5%
A : 0.35
- A 1 0.0014%

-dpdel 3 E= 23Ygt x= w@g 0 0.27

7t EEAx 33

Cholesterol & A AR ololATg 2] EFAR FAHL Fig. 1104% Zrth
Ay} YxHE 39 cholesterol A AP E A YEE AHE3tH A
14% 3 olojAA(updaly, 23R, WIBHE A7 A=zs1s] st W
28 S s} o] Agste] vyl AN AF Y8E EYstA o
Al 2F PAsld PRI T Ry, oy Ya(videl, 23R, ¥
)& AR ¥ YAt A} FAJFE LR 3
of X3l -25TY W2 A 54 B FHsle 27Tl 15T B

3 olat AT,

[«]
= B3¢

oy W A (68T, 30%) |

—

¥ 7zt (0~47T)

A 322 (0~4TC)

— —

3 5 (-4T, 72)

INECREEEE I

FB(-6T)

7 #(-25C, 5A1ZH)

Fig. 11. Cholesterol& A A%t ojolA33 BF A 2ZFH /Y
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oy JidE EEZPo] we} cholesterolo] HAE olo]23YUE Yyt
A3}, pilot scaled} thabial BFolA cholesterol®] MA&o] 9oxz P8}
don, FZTHZFPS GUFEA A3l B4k2do] of-¢ He|sidcl 2
AU 3} & YA FolA cholesterol & HASK: 2Bl ¢ Hridez
An)g} M zu7t ol Bx Adedhe Hol Utt.

v @A

g1 EEAH=2 FHE o] &8st 10%2] B-cyclodextrin® 8 N2|¥ AYP(RA|
W 36%)& AH8Ste] $1e] ofolaaF YA wjghEo] wel vpdeist, 2IAY,
a2 W%y RFololAAYUE Filslo] Table 280§4 2} o] AU
Aalstelch. @A WSS AYAA 2 AFY o, 23, 4R, 4% F o
olch updepgt, 235, @7 olo]AAY BTN T, 23, u, qYo]
iz A9 zlo|zt gladon, ulg FIAAct AUE 7o JITE A}
ol wigtz} o3& iz A Aolzt giglch. 28y B-cyclodextring
26 A7tAlole w5t =7t wA Ueikich

Table 28. Sensory scores of cholesterol removed ice cream treated with p-

cyclodextrinl

Ice cream Flavor taste Body & texture Appearence & color

Control Sample Control Sample Control Sample

Vanilla 4.3 4,2 4.4 4.5 4.5 4.5
Chocolate 4.2 4.3 4.5 4.4 4.5 4.6
Strawberry 4.3 4.1 4,3 4.6 4.6 4.4

!As the value increases from 1 to 5, the intensity of sensory

characteristics increases.
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3. Cholesterolo] AAE YR AP A

7t E2&AZ 33

Cholesterol & HMAsHs HYIAYY EEFPL Fig. 12049t Al ¢4

cholesterol & HAY AYPS A Zslo] FAd FHAE dFTH Al

100rpmoll A} 1087 3 gic),

FHLHE AA FU(RAP6x) || A T (AAR2)

84 A7t (Fheb7ld 0.5%) Y % (100rpm, 10%)

X%

Fig. 12, Cholesterol & MAY YIUIAY FF AR T

oluf AME3He YL AR Fojojo} 3t YErIAYPS YWIAHY FH
A 3te] @qlo] Hri(HEIW AL Helrl B,

flollA Jdd EE F3ol met cholesterolo] AMAY HYIYS /Y
3t A3}, pilot scalez} thaF4r RFollA cholesterol] A &o] 90%o| 4o
2 g3ty I U B2& AxFPo] it P ET} chh HEste] e

oflxe] ¥ F& Qlrh
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. @Al

glol EEAZ FEE o835l B-cyclodextrin®] §Fo] 6, 105 2tz
Ago] At A MES VAR Z2R= Table 299 Ut AFHA
Yy age oy B-cyclodextrin 6% NI A8E d2I} FAapsident B
-cyclodextrin 10% A2l A && Sto] & HWolrle B¥E BArh o3y
Apolae BF ool glglen, e EAojM= 6% B-cyclodextrin Me¥t
A8 22 fFAstg e, 10% B-cyclodextrin H2|¥r A& ot o ¥
¥} Aoz AUt YYPIYY Bols BE A8 RAlAACH

Table 29. Sensory scores of cholesterol removed whipping cream treated

with ﬁ—cyclodextrinL z

thipping cream Flavor Off-flavor Creamy Whippability appearance

taste texture
Control 4,5° 1.2 4.6° 42° 4.5°
A 4,20 1.3 4.3 4.1° 4.4
B 3.8 1.5° 3.9 4.0° 4.6°

'Sample A : 6% B-cyclodextrin treated cream(36% milk fat)
B : 10% B-cyclodextrin treated cream(36% milk fat)
Means of 5 replications. Means not followed by the same letter in the
same column differ significantly(p<0.05)
As the wvalue increases from 1 to 5, the intensity of sensory

characteristics increases.
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4 . B-cyclodextring] xoj8of cjgt Ay

Al 2xpdxofl AAR B-cyclodextrin®] zo]-Bol {Y AFAAE 7|2 E
sl Age] cholesterol HAE 413}t U WIHE FHske AUeE B
-cyclodextring& Aj¥Esh= AL Fasith JadA ol EEAHRXFEL Fie.
139} 2t} AP FASIL B-cyclodextring W7}sted awrgich, 2 ¥ AY
& Esin Ealgf st S0THA WA At ofch o] FgHo] Al
2Ql B-CD} FAo] B M} olA& &3l B-cyclodextring EY3lo] &

71808 Aelst2 24 cholesterolo] A AHH B-cyclodextrino]l s=AHc}

(2 2623 | [teuoc | L[4 ]

_[B-cyclodextrin A7} (10%) | [& W | _, [ZdEa |

- gelo(p-c0 =8, 50T) | | @ £ (IVE AA)

[ Eelei(p-cD 2Z, 50T) | _, [ ¥ 7 (5T, 10413 |

—

- — IB‘CYCIOdextrin Eﬁj

. | B-cyclodextr»in -’f-?‘lJ

Fig. 13. B-cyclodextrin®] z|¥£-& ¢I¥ EFAZX F3 7Y

_108_



ol ALE BEAMz FHof wlel B-cyclodextring] VLS AT
ZAz}, pilot scalez} thab g4t B Fo]A B-cyclodextrin®] 4= &o] uf§ A2
slo] 50% ofst7} sloict. +£A¥ B-cyclodextring acetic acid®} butanol?
v &S 3 : 18 $&ul cholesterol¥2|&o] 70x2 Acie| &S Uehfdrt.
oluj ity §HE B-cyclodextrin} 2L A 6 : 42 vl &E slo Y
oA cholesterol& HAA A Lol 80x= Aol Fel&S Jehfalct

28U B-cyclodextring] xjggof] AR A o} (A Y A=
£ ulgsiria RS 4bgisle] Agole o WS A¢Ut 2FHch
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H 2 M5 2N, Saponine| A&t St ch-
olesterol®| AN|7{of CHSF &

q1aE M 2

Cholesterol & 713 tlEHQ S84 sterolH 29 shtoln”, el
Us3HAd Y42 Aol o8 tAF2E AN Helzgo] oy 8
A& AAMAUrh. Adrenal glando &= cholesterolo] steroidAl TEEQ
2, JoME wFAeE ARHIY 7 2 QXA YA ARy
& FEsted ol g F2 IFFEY 2827, Y23, AF=2Y, @
F, 89 o Ak x| Ao] da] ExYct?, ojA g cholesterolo] QA
of Weol s, iy 24 wie 1YY, TUAN, #ALEFY A
32 22 A3 9 <UA AN U] dEo o5d A AAZes
Az B2 dEH Adri). ol WL IuAKY e A
Aol thUH 1 53 4 @ KA SAFY 47 s o
t felutdME oelE oblrh 28U AFe A dedAIZEAA
98 0 ST ¥HH cholesterol S AAAFI AL 3t Q37 ¥
Wa] AP gou, ofF FuoidE ol A Fol niuly AFol
t},

whetd H Kol A Fotol whel {AWF 9 cholesterolof tigt
#iol 752 o] FAHEY cholesterol VAL AHsta FYsiA &

3
Aol Whol R7EI 9o, T A EZO] cholesterolo] A2y 1
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ABAYI AER & VP S #Hdo HEFY cholesterol & &°]
AU AAfHE A7 &l &8 BYH3 A,

A S7tA cholesterol & F &5t Y W Yol A¥HAed o
ZolE thin layer chromatography(TLC)*”, gas chromatography(GC)**®
high-performance  liquid  chromatography(HPLC)'*'", enzymatic
method(EM)'*'™, colorimetric method'®5o] <Qlti. ol& & GC, EM,
HPLCS] ol B3 FYHog Hold Widog gad ALdy®, o
of % “WHZ cholesterol & ¥ R{TAY dto] EAsIAY &S
oven S & A}£35l3 Cholesterol g FEM2sl7] g8 Aot} urgol uwt
£ Aol &7tz o2 23Ho olF ¥AsE AVH column AHEEHA
"ok fENHStA] 42 P B4t FRode &S 2xoM £43
oYL E column o] AP Hojrt. Jio &% cholesterol EXHLS
H ol 23] ester FENY cholesterol® |35} ¢ EMY 4 9=
BHol ey AF Fol hydrogen peroxided} ¥H-g3l= H4ES ¥R/
B2 R/ UAEHY BEY A5 Yo ©E XE wiAY $ ¢t
9 o]of i3] HPLCo| 2]%} cholesterol L A ANz A Yz
of oj3f FAe EMALE 73y Y ZES MAYUCHE MY F2
cholesterol®] Fa Wyo] © 4 glt}. E§ colorimeric methodel ¢}o]
NE 38QL 2T "ol ATk, GC, EM, HPLCO] ®la} u]lad Al&sla 3
S H g2 EN¥ 4 A& FES I3 dch

o] 8§ cholesterol A& W} §t7 2§ Y RFAHE o cholesterol A
AE A3 87z A3 g WwHoel F2A o] cholesterol S &
2 2= AYAA BUAME wrEo] AMAsle $A®, 2dA4 S22
M, 2RSS ngEa HAo] & cholesterol E3HY,
stean-distillation'®'*® So] glch. o]FolM B3 FAME o) &Y
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cholesterol A Wy TlE W] uj3] vl fo] vijaA HA &2, A
Atetd & 3 A HEHAFIA ol A ALY RrhFded Batetdo] A
£8 + 9+ AL AU gt

olg|y F 24l F 33U saponind 58IY W 68t o] steroidal B
triterpenoid aglyconeo] AYE o] Q= viZANE cholesterol 2} ZA¥sto
micelle X8 HELA4 HUYUEE BMIEE 4 A cholesterol S H AU
4= olth¥. EqF, saponind cholesterolo] Tt MejMo] ZAsmz HE
AEY FAS HAAIA U3, B AL o] fEHE el g 2
A VP AFA ot FFUol AL FAS At W J1Fol
Bl gho] glon, ol YUY o] &3t AU +x ort

olela, 2 AFo|A = HPLCY} colorimetric methodE o] &3t & W
#3Z 2 cholesterol & FF3t7] AT A& ANe] Pz HAY £
Z23& A3t T saponine @ $F W YoM cholesterol & A
AY B¢ olol ¥E X+ saponin® 5= W pH, saponin}e] YL
E 9 A, celited] A7 5o ZA}E RAlstH, saponing o] &3 £
+ % IYF cholesterol HAAE ¢ AAzAE Hiysiden,
A 8ted cholesterol HAWHL] AAEE 93l

saponino] 37}let= A S
saponing AP 3= A% £YPstodct
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A2 & d7 4d

A1 A8 K U Y cholesterol A 4 7y

1. A&

2 AYo] AHEY ¢RE ASLRYE2YUY FAY AR(RAVHT
3.6%)& A Fold 7Yt AHgsAR, YL FAY YPo] 36xA KA
& () R712 224 FF 8ot AHEstdrt.

2. Cholesterol 32 Wy

£ 8 9] cholesterol & why 2 ofAab-datell 2lgt WY so0lid-phase
extraction(ESP) 2]§ uhj o2 3l F WS uladlyrt. E§ JAa-o
Ao 2gt Woll glojA & RBujo] WE recovery$} HPLCY Feloj n

e ¥ E v d7stdcl.

7t By 1

< 1ml, KOH(10%, w/v in ethanol) 0.5 ml, ethanol 5 ml& 15ml
test tubeo] W3 60Tl 3037 +&Fol A ulw34y ¥ ZF+ 2 nls}
diethyl ether 5m1-& M 7% ¥ Zutslo AqArE3} diethyl etherFo] &
2] HEF 1083 AXP F diethyl ether3 S E2slglch. Diethyl
ether® 23 wlH 228 ¥ 329 diethyl ether®& rotary evaporator®

e 553t} o]& 1 nl HPLC o] FRF L2 M3l £X4 & ARE AIR3}
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Act.
Recovery test®] 7-$ cholesterol STD 1 ml (1 mg/l ml in ethanol)&

A7t ol FUP WPgos F&3tdct.

Y. ¥y u
Method IofA 232% diethyl ether& ulg] methanol® A Az ¥
Sep-pak Cis columno] E}A|7| o]& A %53l methanol 1nlE ¥

48t HPLCA|E 2 Al&3t&ct.

ct. W I

Method 18] $& &l & hexane2 2 tiN sl F &3}l

a}. ¥4y 1V (Solid-phase extraction(SPE))

LG o1& qAb-AA UYL o] v]EH{ F 15% acetic acid
2n1 g test tubeo]] Y3 YA Rt A5 15nl test tubed] &7
ethanol 5ml2} 15% acetic acid® 2 323l AF YL Ro} n]z
methanol 2ml2} 1% acetic acid 2ml & A A 2] %t Sep-pak Cis column®O ¥
EA A, Aol FH4 2ml, 1% acetic acid 2ml, 50% methanol
0.5ml18] £ A & Sep-pak® A3ttt o] Sep-pak Cis columnol nitrogen
S EAA AZRY }E ethylacetate?} hexaned] 31894 (20:80)
0.501 2 columnol] ¥ 2¥ cholesterol & F&A|7]3L(33]) o] & nitrogenl
2 %2 ¥ pethanol InlE 3 A ste] HPLCA| B & AlL3}Hc).

Recovery testi= cholesterol STD 1 ml, 3 ml, 5 ml (1 mg/l ml in
ethanol )& H7lsle] 9let TdY Pies F&3tdcrHethanol ¥ 22}
4 nl, 2 nl, 0 ml A n.

- 118 -



3. HPLCE o]& &t Cholesterol& 4

HPLC 22 Table 123, o542 thiat Zol 3 71l o8& A8
*}’ﬁt}'w. o}Z b1, Acetonitrile : Methanol(3:}) : olFA 2,
Acetonitrile : 2-Propanol(8:1): o[F4l 3, Acetonitrile : Methanaol

Isopropanol(7:2:1)

Table 1. HPLC condition

Instrument : Waters Associates HPLC
Column : Nova Pak Ci8 (3.9 x 300 mm)
Detector : Waters 486 absorbance detector (205 nm)
Solvent : Acetonitrile : Methanol(3:1)
Acetonitrile : 2-Propanol(§:1)
Acetonitrile : Methanol : Isopropanol(7:2:1)

Flow rate :'1.6 ml/min

4. Colorimetric methodol] 2]%¥} cholesteral®] &4 A vy

HPLC2} U8 WY O 8 cholesterol & $&3513 AU Al8o] Y
A x| eFel o -phthalaldehyde(50mg/100ml glacial acetic acid) 4ml& N7}
st LA ¥ 1085 WX 8kt conc. HS0. 201 & H7iste =t
sttt} 3 ¥ Beckman DU 650 spectrophotometer® 550nmofld B3R =&
&3 stact.

Recovery test®] Z-$ cholesterol STD I ml, 3 ml, 5 ml (1 mg/l ml
in ethanol)& H7isto] ¢t FUPdes F&sidArHethanolF2 Z
z} 4 ml, 2 ml, O ol ¥7}).
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A 2 A Saponing o8 HF ¢ AH F

cholesterol A Ao} cfdt g

1. zl2

SRE MUY FHY AR(RALYEY 3.6x)F AFAA
Fastod LA, UL AW H$Po] 36%2 KALEL (FIAYRIL
oz ye FFwo}l ALR3IA T Saponin® quillaja barkZ¥E 2%
food-grade-® © 2 Sigma Chemical Co. (St. Louis, Mo, USA)e] M E-& A}
£3tdon, AUy FAL2HEY] HUANE TS AT FAARE #
ZES dZ9l celite 5458 Shinyo Pure Chem. Co. (Osaka, Japan)Z %
FUdted, olF FHgol Wrsted ¥ FAARE o, e FE
g £ASt 100CoA A2 F ARE 3ot

2. Saponing °| &% & 3 cholesterol Az} it Ay
7}. 282 cholesterol®| A H&Hz2H AA
1) 942 Saponin A2
G0l saponing H7ista $RelA 100rppoE AHISIHEA LA AT
A F celiteS A7st HFUdLTN 1A 2F G FAA A IF

saponin?} cholesterol?] B YAME A Ast7] ¢isto] 5,000xg, 4TofA

2087 dABe% ¥, AwEqe AFRE ol of2px](Whatman filter
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paper No. 1) E71& A AstAckFig. 1).

7}) saponin ¥ 7jgke] 4%
Saponing &%l 0.5~2.0%(w/v)ZtA] 0.5%H o2 LRoll V7% ¥

35ColA 308 utgA|7 ¥, dAEe st MAHE cholesterold] FE

&3ty

~
=
oo
flo
fa
le
o
o

%9] cholesterol #H Ao ulAE& PP XA317] 43}

=
oo
o
!
N
o
do

Milk (50ml)
Cream (10g)

Addition of saponin (milk)
Addition of saponin solution (cream)

Reaction in
waterbath (100rpm)

Adsorption with
celite (60min)

Centrifugation
( milk : 5,000xg, 4T, 20m)
(cream : 8,000Xg, 4T, 20m)

LﬁSeparation of upper phase ( fat phase ) l

Fig. 1. Schematic diagram for the process of saponin treatment
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o 982 1.5% saponin TYFE 25T, 35C,  45CoA ¢z 3084
vhgAlF| o AR st A3YE Eeldte A AY cholesterold] ¥F&
&3 stgdch

t}) Saponinzte] wh-gAj e F ¥

%% 2] cholesterol # Ao thyt saponinzte] ¥H-EAJte] L XA}
371 sl WA 108, 308, W 5022 % HF3t +HT2 1.5%q
3 3= saponing F-Roll F7pste] 45Col 4 ubZAlFch

2}) Celite M7igre] 33

$fol $RHT 1.5% 3l saponing P7ISte] 45ToA 30T
HtgA7] ¥, celite§ 0.25%, 0.75%, [ 1.25%(w/v)E Uio] H7}sto
FAA dHEAY ¥, 4322 AW cholesterol 8] E JFP3d
t}.

2) Cholesterol £4

7}) Cholesterold] &

Cholesterol $&-& AH1HolN 2 4ol UFH WY Mo offel
Zo] AlAlstedth. Screw cap test tubeo] Ha|¥ Y& 0.2go], 95%
ethanol 5m12} 80% KOH (in water, w/v) 1nl& 2 H7tsie zuigd
¥, 70C £2olA 2087 At AAF, dAAIZ FFT 2m1 8t
hexane 5nl & M 7I¢ ¥ kst G4HF 3 haxanedo] EHEH 1087
H A ¥ haxaned & Helslgdrh. Haxanel g 23] ¢ W1 339 ¥ 3
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2 ¥ haxane® & R} rotary vaccum evaporator® LU ¢ES35}gct,

L}) HPLCE o] &%t cholesterol &4

+&3% cholesterol® HPLC® methanol lmlol]l ¥ 0.45m Gelman
filter® 2%t ¥ Aol ¥y HPLC XP L E cholesterol 8] &t
& ¥Asl9drl. Cholesterol?] HPLC 4 AL Table 13} Yt}

Table 2. Instrument ard operation conditions for cholesterol analysis by
high performance liquid chromatography

Instrument : Waters associates HPLC
Column : Nova-Pak Cis (3.9X%X300nm)
Detector : Raters 486 absorbance detector (205nm)

Methanol : Acetonitrile : Isopropanol

Solvent
=7 : 2 1 {v/v)
Flow rate : 1.6ml/min
Temperature : 35T
Injection vol, : 2048

3) Saponin A 2] ¥ 9HFo Esl: saponin Y &3

§-foll saponin ¥ 71L& &alste{ (0.5 1.0, 1.5 2.0%) 2rgA7HL 72
% saponina} WA F celiteZ FASIHYS wfoll, $Fo V&sIE
saponin®] ¥ (%Quillaja Powder Residues content)E Sundfeld &
(1993b)2] WYy o2 ZFYstdct. saponin Y celited} B A]Z] 1000 X gol
A 2083 FRE dAEEst 439 W3 L 2ol wPRS FFY

=
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U, HeRHBg Y] o3 9829 cholesterol MA AL AAY

1) Experimental design block 4%

Stat-graphics (STSC Inc. Rockville, MD, USA )u¢] central
composite design{(CCD) prograng ©o}&3%lo] saponin}e] HEZAJZEH,
celite?] M g, WL &%, saponinkgk: $& SHUHSLE 3 level-4
factor®] fractional fractorial block& A3l tl(Table 3). Saponini}g]
EAILE Ao 508, 4 108, F4U 0EFY BFAFIE, celite
o] M1 LPol vis] Hcoh 1.25%, L 0.25%, FUZ 0.75%%,
L5 2 45T, 4 25C, $7% 35TE, saponing] ¢ )
1.5%, A 0.5%, 233 1.0x7} 28 2 S level & 433}
drct.

2) ®-%%2] cholesterol HA

3 level-4 factorol] 2]3} design® fractional factorial blockel] u}za}
$HE8 Hsta 4T, 5000xgol A 208% JME § ¥ oy LY
xae] Aw3o] #HHO o  cholesterolFFZ Iulo] AAW

cholesterold] ¥arg & A stact.

3) Cholesterol?] A FEA

AR F B¢ 3o XYUEY E7E filter paper(Whatman

filter paper No, 4)& M A3 o]|& A8 F Ato} cholesterol & &8}
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Table 3. Fractional factorial block of experimetal design for
cholesterol removal from milk

Treatment Coded var, Process var.

No. X1 Xe X3 X4 X Xz X3 X4
1 -1 -1 -1 +1 10 0.25 25 1.5
2 -1 -1 +1 -1 10 0.25 45 0.5
3 -1 +1 -1 -1 10 1.25 25 0.5
4 -1 +1 +1 +1 10 1.25 45 1.5
5 +1 -1 -1 -1 50 0.25 25 0.5
6 +1 -1 +1 +1 50 0.25 45 1.5
7 +1 +1 -1 +1 50 1.25 25 1.5
8 +1 +1 +1 -1 50 1.25 45 0.5
9 0 0 0 0 30 0.75 35 1.0
10 0 0 0 0 30 0.75 35 1.0
11 -1 -1 -1 -1 10 0.25 25 0.5
12 -1 -1 +] +1 10 0.25 45 1.5
13 -1 +1 -1 +1 10 1.25 25 1.5
14 -1 +]1 +1 -1 10 1.25 45 0.5
15 +1 -1 -1 +] 50 0.25 25 1.5

(continued)
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Treatment Coded var. Process var,

No. X1 Xz ).€) X4 X X2 Xa X4
16 +1 -1 +1 -1 50 0.25 45 0.5
17 +1 +1 -1 -1 5 1.25 25 0.5
18 +1 +1 +1 +1 50 1.25 45 1.5
19 0 0 0 0 30 075 35 1.0
20 0 0 0 0 30 0.75 35 1.0
21 +1 0 0 ] 50 0.75 35 1.0
22 -1 0 0 0 10 0.75 35 1.0
23 0 +1 0 0 30 1.25 35 1.0
24 0 -1 0 0 30 0.25 35 1.0
25 0 0 +1 0 30 0.75 45 1.0
26 0 0 -1 0 30 0.75 25 .0
27 0 0 0 +1 30 0.75 35 .5
28 0 0 0 -1 30 0.75 35 0.5
29 0 0 0 0 30 0.75 35 1.0
30 0 0 0 0 30 0.75 35 1.0
X1 : reaction time with saponin (min),

X; : amount of celite addition (%).

X3 : reaction temperature (TC).

X4 : amount of saponin addition (%).
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3 HPLCE E4{stHdrct.

4) NS EAHEM Yol ¥ 72 cholesterol MA HHzAe] AA

Saponin A 2lofl 2]3] HAH cholesterol ¥FL F&HHULE AFY ¥
Z SYHSE 0o VA E SAS(SAS Institute Inc. Cary , NC, USA)Z t}
FHAEY 9@ TAUEHE AAE F foidel AFsHE HewS AYsst
o Z F4HSo] PGSt model & APt o] & RSMol] &3l T

Azt 3xd E4E& AASto HAZALE dAYstdct

3. Saponin& ©o| &3t A{ F 9 cholesterol A Ao i3t 7y

7} 3Y 2] cholesterol Al A A zA AA

1) 382 saponin A g

3" 10gol T saponin §UE& pHE ZAdlo] Al FRN
100rpme 2 2t A 302 3% WA F celited ISt FL2 X
A 11X 2t F2xA#H . ¥ saponini} cholesterol ®] complex& A A
B}7] $13to] 8,000Xxg, 4TolA 2087 YAResly, AYHd HEHE
=2 & c}d o2 (Whatman filter paper No. 1)2 E7]& A AsAdct

(Fig. 1).

7}) Saponin H7tzrel o8

Saponin& e T & 1, 5 10, 15%8 ZXAdl pHE 7.003 ux
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X, 3P} 50T A 3082 ¥ A|A cholesterold] ¥ & A st}

U) Saponin £-9§¢] pH %

A7 9 cholesterol M Ao thdt saponin £ pHe) BB A8/ ¢
8] 5% saponin ®%%¢] pHE 5.5, 7.0, 8.58 RAslo] AYoe] Az
50TCo A 3083 WAl HAcholesterol 8] ¥ FA st

T} g2 xe] %

227t AU cholesterol H Aol nlAEe V& ZAsHr] #3ly
AY3} pH 5.58] 5% saponin AL T3}, 40, 50, 60THAN
3024 ¥-gA

g}) Celite ¥7tge] 4%

AYP 3 pHrt 5.5Q0 38| 5% saponing 60ToA 3083 WA ¥,
celite S =& AP ato] tis] 2.5, 7.5, 12.5% A7rste] 1A 5 F2A)
7132, SAEY ¥ 4302 HAH cholesterol AL ZAsIAr).

2) Cholesterol ¥4

Sponing Aeltt ¥ B2 AYFE $42) cholesterol ¥} FUY ¥
dee 33 AVedsiart

3) Saponin g ¥ A Yo E B}l saponin Y3 ¥ A

Az} saponin® Vg (1, 5 10, 15%)F g AAS A9 38

- 128 -



Table 4. Fractional factorial block of experimetal design for

cholesterol removal from cream

Treatment Coded var. Process var.

No. Xy Xz X3 X4 Xy Xz X3 X4
1 -1 -1 -1 +1 5.5 2.5 40 15
2 -1 -1 +1 -1 5.5 2.5 60 5
3 -1 +1 -1 -1 5.5 12.5 40 5
4 -1 +1 +1 +] 5.5 12.5 60 15
5 +1 -1 -1 -1 8.5 2.5 40 5
6 +1 -1 +1 +] 8.5 2.5 60 15
7 +1 +1 -1 +1 8.5 12.5 40 15
8 +1 +1 +1 -1 8.5 12.5 60 5
9 0 0 0 0 7.0 7.5 50 10
10 0 0 0 0 7.0 7.5 50 10
11 -1 -1 -1 -1 5.5 2.5 40 5
12 -1 -1 +1 +1 5.5 2.5 60 15
13 -1 +1 -1 +1 5.5 12.5 40 15
14 -1 +1 +1 -1 5.5 12.5 60 5
15 +1 -1 -1 +1 8.5 2.5 40 15

(continued)
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Treatment Coded var, Process var.

No. Xi X2 X3 X4 Xi X2 X3
16 +1 -1 *1_ -1 50 0.25 45
17 +] +1 -1 -1 50 1.25 25
18 +1 +1 +1 +1 50 1.25 45
19 0 0 0 0 30 0.75 35
20 0 0 0 30 0.75 35
21 +1 0 0 0 50 0.75 35
22 -1 0 0 0 10 0.75 35
23 0 +1 0 0 30 1.25 35
24 0 -1 0 0 30 0.25 35
25 0 0 +1 0 30 0.75 45
26 0 0 -1 0 30 0.75 25
27 0 0 0 +] 30 0.75 35
28 0 0 0 -1 30 0.75 35
29 0 0 0 0 30 0.75 35
30 0 0 0 0 30 0.75 35

Xy : reaction time with saponin (min).
Xo : amount of celite addition (%).
X3 ! reaction temperature (C).

X4 : amount of saponin addition (%).
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2} saponin§-g WHS A ¥ celite® FA(US wjof, Ao FE3}
& saponin®] ¥ 3F(%Quillaja Powder Residues content)& Sundfeld 5
WMo g ZAslgct. Saponin R celiteg} WHEAIT AHS 8000 X gof
A 208 JAEstd A5 AYFE 2ol x0PRE FF st

U, ey BEMo] o3 32U SE Y cholesterol A A =Pl 233

1) Experimental design block &

Stat-graphics (STSC Inc. Rockville, MD, USA )uig] central
composite design(CCD) program& ©]| &3} saponin €& pH, celited]
Arek, L%, saponinkl 5 EYPH4E 3 level-4 factory
fractional fractorial block& A5t tl(Table 4). Saponin §2] pH
Hrh 8.5, A4 55 FUR 7.022 wFQon, celited] ¥7FS A
12.5%, A 2.5%, U 7.5%2, HSESEE A 40T, Y& 50T, F
3t 60T E, saponin®] ¥ 2] 15%, A 5%, U 10%7 HESF
Z12z HYH42 level & A ST

2) 3¢ E2] cholesterol A A
3 level-4 factoro] 2]#} design® fractional factorial blocko] u}la}
cream$ A 2|8t3 4T, 8,000%xgollA 202 A EE AA olnf £

Abxo] x|l &x g o]&5lo] cholesterol S A% A AE cholesterold
g &Aool
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3) Cholesterol?] FFEH

KA F SR FFY AUEFY 87§ filter paper(Fhatpan
filter paper No. 4)8 A A3} o]§ A8 & 4o} cholesterol & &3}

3l HPLCE B4 stqrct.

4) WZEHAZA Yol A U cholesterol AA Az AF

Saponing o] §3to] A AW cholesterold] UFE F&VF2 HFY ¥
4 HYHRNLE T BAF SAS(SAS Institute Inc. Cary , NC, USA)E t}
FHUAEY 9 2AEME HAY ¥ /f¥ol dBFHE B Ay
o 2t F&4Hpo] T3t model A& At ol & RSMol &3t F
Mz} 3xd 24 & Ao HFy2A L dFsiact

r-lm
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A 3 A Cholesterol A AE ¢ & saponin L3 3} 3

¥ oAy

1. 4=

TRHE MSERUSZUY FEQ AR(RAYET 3.6x)F AFoA
Fqsto] 2853, saponing quillaja bark2HE $&% food-grade
€22 Sigma Chemical Co. (St. Louis, Mo, USA)®} A E& AMgslde
o, digitonin HA] FU Aol A Fdste] Agstgct. JlEl o E A Y

€2 BF S3AGE sHEstdct

2. Saponinz} digitonine] A3}

Saponin ¥+ digitonine epoxy$ spacer28}o] Sepharose 4Bojl 1A ¥}
3l tl. Sepharose 4B(2g)&§ FH<4 (S5L)E S35 MAFol 1,4-butane
diglycidyl ether 2 m12} 0.6N sodium hydroxide 2 ml-& 7}81 242t ¢
WA UFe] FHR4L(L)Z ANtz AY ARt Sepharosed
saponin ¥ digitonin 140 mg} carbonate buffer (pH 10) 5 ml & 7}3%}
| nitrogen blanket AYejollA] 24x] 7+ ut-g- x|t} vt ¥ Sepharose 1g}
TF 10 m1 & TPt 1 AIZELG U F 1 A% P A8t} Sepharose
& BAAAF $H/E Eeslo o] & HPLC A 82 AHE STt

Saponing IR 25171 ¢1% matrixE A Sepharose 4B2} silicagE A}-& 35}
of o] AYI} P} Sepharose= Aol HAYSleol dlu, A=

silicao]l Hl3le] Arfyog ui#n, WUFGRAE 7}2Y silicag
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matrix® M Astgc}. Silicaol] saponing A3 $3lo ol&o] F
BAg dAd3= YR spacer® Y-glycidoxypropyltrimethoxysilaneg
Meisto] uh-§9 (AL Y syl

3. Silica®} epoxy spacer ¥h-gA|Zte] 2|33}

Porous silica®} A Yol Alg=EE 8718 220CoA 12 hr ARA]F|2
toluene sodiuml. 2, triethylamine& KOHE Al&€3foy £8 & A Asldo
Abg8tadct.  Silica 15g, toluene 300 ml, triethylamine 450 ml & Y
-glycidoxypropyltrimethoxysilane 10ml & &3l 6, 12, 18, 24, 4
30A1ZF  reflux 3lgch.  Refluxste  Feb 64Xt ZHHeg o

-glycidoxypropyl trimethoxysilane 3ml 3 7}st&c}.

4. Epoxy-silica?] epoxy spacer % &

Epoxy-silica 1goll 0.06N periodate ¢} 25 nlg 7}8to] Al2ojA 308
% gAY F MgS0s 30 nlg i3t ¥E Yol I wfzix] 1 N NaOHE
7tstgct. o &ofof 1 N H:S0.& 7St T g4 WET NaHCO &
Jtste] 23R AL WED EELRY arseniteR W 10 m1-& Hrpstdct. ol
£9L 58T FANY ¥ 5L £9& JI5t5 iodine §4o T Y3}
silicao] ¥F$ ¥ epoxy(Y-glycidoxypropyltrimethoxysilane)S 3 astd

th.
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A3z d7da % af

A 1A ] W YUY cholesterol B £ 7Y

1. HPLC 24 & ¢ column®] 43 QL olFAe 43

Columndl] m& cholesterol?] ¥&|%& vlast7] $13lod Nova pack}t u
Bondapak® ¥]Z % Z 3} uBondapak column® Nova pack columng A}&-¥
7% cholesterol Ao $&FE HE& £estA] Rl cholesterol}
Zol g&ago2H RAEY cholesterold] FFols FHYRLE YElL
th. olEAate] Aol oE cholesterold #2l& Fig.23 Hrh
2-propanol& o|FALE AR ZH§ 2-propanold &L LK AEF 2
3 slodot gch. olF AN 104 2-propanol®] Z4& &olA cholesterold]
£2 TS E3Y £ 2L columnd] &2 U¢P2E column} pumpo
e o4 & 4 orHFig 2, A). o|FA SR acetonirilez} methanol
& A AL 319 ZAol 7tF Ften cholesterol?] && ATE
&5} 7] ¢15)e] methanolo]L} acetonitriled] XA& wold £elg &3}
L golxl: Rog UEelydct. o|FA 200 2-propanolg F71Y ZH$o
cholesterol®] &A%+ &Y ottt 2-propanol®] 2 & wold
cholesterol o|Hoj] &&=+ HEH 227t HAl 920 column®] back

pressure’ A% 3] F7} HAcl

2. 2&9Yol a} & cholesterol ¥

F&uhfol ue} cholesterol 7 FEEHE AES W2 Ao§ WA
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Fig 2.
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HPLC chromatograms of cholesterol in milk as
mobile phases

A: Acetonitrilet 2-propanol(8:1),

B: Acetonitrile : methanol{3:1),

C: Acetonitrile: methanol : 2-propanol(7:3:1)
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&cHFig.3). &l [ A0ACP Pt FARRY o] ¥do] cholesterol
S &3t MR o] o] L¥Hrl., cholesterol £+&A] diethyl ether&
ALgstd 8 Fo ARA YA glycerolo] A F&o] = YW F
4 3% F&o] Ao cholesterol?] Felo] WHEUE A8 UL
Fig. 28] Aol Uelxl& QA cholesterold] £&AXE AYsHA
cholesterolzt &7 i€ dEo] £&HE A& & <+ ddrh
Cholesterol o]8jo] Y2 A&o] &5 o] columno] F¢o| ¥ ¥ columns]
ol @ 4¥E& 2:AUrh Diethyl ether: 7] HYME ZYLw
ot gas ¥ Al EAxte ARE MY 7t o] ¥l sl 9
tof 3} fuiz FEEUIE ALE Al Iy sjopdict. F&UY lI: $£&
Py 122 5% ARG Sep-pak Cisoll A ez @Y 4EE]
H AL A2t chromatogram?] base line2 oF W2 WEI& EYSI=
R& BojErh. $&%Y 1IE cholesterol do] £&HE WHEAL
A=A ofol Eelo] glo] AAl WY 19} & xlo]Ho] gl Aoz HFH
th. 33wy 111 diethyl ethertfiloll hexane® ¥ cholesterol & &
stgdrt.  Hexane2 AI{-A|WAitE2} 2 FIHEAE FA F&319 vighy
¥ chromatogram R ojEth. 2| 2o hexane $&Luf=2 diethyl etherd]
&8 Ahgo] Ho hexanel® 3 go] WOHLE 2F A £E8YFo]
B 24& 5AE2E 9% H4 &L ¥Y 4 AUtk &Y IV(SPE)E
Sep-pak Cie& ©]-&3lo] F&3le= WP L Aol g AuE +
S84 9ol AmY AN WPez d A& gt 28y
Sep-pak Cis& AME-317] isiM= Al&ol wlel Sep-pak C1p¥] AHERAS
e sfokste ©aol glrh SPE Wgof dlof AP AE vt £
9] pH& 2-59 HHE Aot &v o7 AR H 15% acetic acide
pHE ZA3t7] f3l AMgEdch. pHY AL AfxYale] ¥
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Fig 3. HPLC chromatograms of cholesterol

extraction method

in milk as affected by

A: Extraction Method 1, B: Extraction method II

C: Extarction Method II, D: Extraction method IV
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cholesterol®] & Walg & 4 olrh

Fauyel ©E H4&2 Aolst ggich(Table 5). F& =Y Ilof o
oME tha e L8 S B4 ol ANz Yol Hste A&
SAS oY 4 2on SEP tubeo] F2HH cholesterolo] &2 AL
4 ottt ¥48& HAFo) A1LHE cholesterold HEF ol 3 4$&0]
dobd £ gloeng A £& LujE ol Agob Yt 53] SPEY
B2l F4A FHYUS dUs ¥ A&t AbgItojol ¥t YitFe
2 F4A(Ce) 7t F4USs de 42 ¢ 5mg(100mgs] FHANA & 2
g o A2 29 xWatz} cholesterol 9ol wpel & A2 ¢S 2
ool gl SEPY F&WH o R{AEY cholesterol g FEsdrt
(Table 6). SAE £9¢ cholesterol & $&8Y RS ARy ¥ ARV}
¥ 33l cholesterol?] ¢& naldlo 0.2~1g2 sl ARE A
sttt SPE tubed] zjAE-2 AR o] A& meld zaisiof st=d ot
2o 33 ol AMEA HM4E&ES FHF AT HPLCE ol &3t &
A F 2 choesterol & ®A{ Al SPEo] &%t Alg AA el Ao 43¢
SulE oY ANRE AeY 4 A FHo] Adrh

Table 5. Recovery of cholesterol as extracted by different methods.®

Extraction method Recovery
lng 2mg 3mg
Method I 100+£0.2 99.3+0.2 99.5*+0.5
Method I1I 98.1+0.4 98.31+0.5 98.8+0.5
Method III 100.3+0.2 100.2+0.2 100.1+0.4
Method 1V 99 7+0.3 100.5+0.3 100.7+0.5

* means of 4 determinations



Table 6, cholesterol content in milk and milk products®

Sample Cholesterol (mg/100ml or 100g)
2.6% milk 10.1+0.3
3.6% milk 12.5£0.2
4.6% milk 17.5%+0.2
Cream 113.5+0.5
Yoghurt 12.7%0.3
Ice Cream 26.5+0.5
Cheese 84.6%+0.6
Butter 253.5+1.4

* means of 4 determination

3. HPLC ¥ colorimetric method& oj&3F 8§ g Il cholesterol

3 &3 4 recovery test

R o] 2.6, 3.6, 4.6 Fo} 36%U AY-Z HPLCE o] &3
2t v YYo= FFstn, F PP viastdct. FAY P
el PR A2 cholesterol #3-2 HY whyol wial 4T 2ol &
Y £ 2 Aol gy, dzy {2y ol W& 2.6, 3.6,
4..6% FAY 7Y FPol= HPLC HPo 2 EM31ASE oyt vy sy
Heg E£M3ldE wjBel 2 o] wot:, 238 K'Y o] &S
Aol PP PYo g 4310 & ufo] cholesterol 3ol o &
Al Uelstch(Table 7). Cholesterol A zE Mo recovery Al¥ A3},
HPLC %' 2] 79 99.95~100.10%, u]garubyolas 100.10~101. 1052

tNE £ Wy 2S5 of9 @B EA LelyicH(Table 8).

e
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Table 7. Cholesterol content of milk and creap as measured HPLC and
colorimetric methods’

Cholesterol (mg/100ml)

Sample HPLC Colorimetric
Milk 2.6% 10. 06 9.35
3.6% 12.46 11.20
4.6% 17.52 16. 07
Cream  36% 119.50 124. 00

'Means of 6 replicates.

Table 8. Recovery test of cholesterol in milk as measured by HPLC
and colorimetric methods'

Recovery (%)

Cholesterol added

HPLC Colorimetric
Iml milk + 1log 100.10 100.10
Iml milk + 3mg 99,95 101.10
1ml milk + Sng 100, 00 100, 90

'Means of 6 replicates.
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A 2 A Saponing o]&%¢ $H W AY

1. Saponin& o] &% L& £9] cholesterol A Aol ctist 71

7}. %82 cholesterol#| A 2 A2A AR

1) Saponin M7l |%

Saponin® 8 972 cholesterol& A AY uf, saponing A 7}sko]
cholesterol M Ao mj= F & Yot 7] 93, saponing] Hrlatg ¢
H82] 0.5 1.0, 1.5, 2.0%(w/v)2 we|ste] 35To|A 3087 WNgA
Z >}, saponin ¥ 7}ao] F71¥4&F cholesterol A A &o] Z71s8to] A e
A 22 cholesterol 8¢l 12.46mg/100ml o]l A saponino] 1.5% M7}El 4 &
2] cholesterol®2 3.75mg/100mlE 69.94%2] cholesterolo] =] A o]
7t &8 AALE Uehid oy, saponin H7bgo] 2.0%Q Lo
cholesterol¥o] 3.97mg/100ml 2 23} cholesterol A A&o0] 68 11%8
Wolth(Fig. 4). ol& saponin®] H7lgol We ojito] I w:
cholesterolo| t§{} saponin®z}E He] ZFA 2Lo] HIAAM 239
cholesterol A7 A7t AEE Aes 2AHHCL o] Ag: Ko¥
cholesterol gjofl 14} saponin& A 718} cholesterol?] 3o
3 A¥ES WS of, saponin®] FHUlgo] ZU4E free cholesterol 2]
ool ZAasitirl 4B +& ool HW ] oA} cholesterol?] oFo] 4
stA A3 dB4Ee RASA "Hrie Azeh KA, Micichi®}
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Saponin concentration (%)

Fig. 4. Effect of saponin concentration on the removal of
cholesterol from milk by reaction at 30min, 35°C.
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digitoning] 9}o] polymer g2 0.13mmol Y @j7}x] = cholesterols] HAE
o] Z7tstcizh, 2 ol4d8 9o] =@ cholesterol?] A &o] MAS| A
st FIoE gAYch ot FAY RIZE Sundfeld FMo]
butteroilofl A cholesterol & HAY uwf §d¢ =7t 0.40g/mid Ao
0.04g/m1el F-¢ B} 1.48] FE A &2 Zicta 2astych

2) =9 Y

Saponin®& o] &3} 82l cholesterol& M A Y uwl, cholesterol HA
of ol &% F¥& FP5I] A SRol $/F 1.5%2] saponin
& ¥7sta 25T, 35T, W 45TolA 3023 vk ATt I H=2 45T
Al wr2-3F A7} cholesterol®] §taro] 12.46mg/100mlofA] 3. 68mg/100ml
g ZtAHo] cholesterol AAKo] 70.48x2 713 ®wotenl, 25Ce} 35T
olde A 4.61, 3.78ng/100ml2 ZAEo] 63.04, 69.92%2
cholesterol AAEESE VERJSCH Fig. 5). wt2bA], saponinz}
cholesterol}8] ZAYo] 27l L&+ &F YU dojdries A& ¢ +
9lo] o]&¢e] u¥kgo] hydrophobic interactione] 7]QI%t Zojetz FRH
ct.

o] A3} dutH 0 F cholesterol & FAWHOZ AAY wf 40~50T
Helold Fatalel ARk B2’ Az s, §%0] a4t saponin
A & H7t3le cholesterolzt WEAIHAE wf ¥ & 2= 50~

60Toll 4 free cholesterol?] oFo] 7}& Yoltie B ox JAstycl
3) Saponinzte] wWHEAIZY] B ¥

2 dFME 872 cholesterol3} saponing FYAIZI7] ¢ H LR

Mg AIZHE WYt fsto] saponino] $49 AA AU e mad B
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LA+ 10, 30, 508 0% A3}, saponin ML {2 1.5% H¥bg
L5 45TE 3t WgATY 4¥E vaYy ZFA: Fig. 69 Prh
saponin}2] ¥hgA|7to] 308 Y uwf, cholesterol®] ¥ HFHLE 12.46mg/100ml
oAl 3.68mg/100m1 2 A of cholesterol M AEo] 70.5042 7% Wt
3, g o] 308 Rt BAY U, 10832 502 ME cholesterol Fo]
2tz 4,673 4.150g/10001 2 ZHAE| o] 238]8] cholesterol M A&l &2
62.55, 66.73%% it uwhelA] saponinzt R WA o] 302U ol
7} cholesterol AAo 7tF A AHolele AS ¢ 4+ ddch o AIE
saponing ©| &3} buttercil 25 B cholesterol g A A uwj 1§ A]ZHo]
3080l Aaoln], I oY FAARME F Aozt fldrhe
Sundfeld V2] B39} §A8lg 2, QA saponin BjRA|Ql panaxadiol 2}
panaxatriolo] cholesterol?] £3]%o} njxj: d8g A7 %% 308
ol Hze AAEE Rdcin Bayg vl gch. wetA  saponin}
cholesterol®] ub-gof gloj A Wh-gAjzto] 7 Zeojxj 2378 saponint
cholesterol Zte] At¥T 2}8o] A XM micellar H3ANZHE saponin}

cholesterolo] £ elEo UL & ¢ 5 algrch

4) Celite 59} 3%

FZES 4 celite: Vo2 AFFHNA AFH ol AHE3}
o cige f71 % BIIAYES AASGE FTHYE 2 oo w2 Ay
B FRAEA ojgHz U}, melAd celiteg o] &8t saponinit
cholesterold] AYUNE JFAslH ¢+ HEZHYH AJHLF cholesterol &
AAY £ 7] ol saponinHe 2 ¢RHEF MeRE wjirie= ¢ &

cholesterol HAAXMJE 7y $ e}
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Fig. 6. Effect of reaction time on the removal of cholesterol
from milk by reaction with 1.5% saponin at 45°C.
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£ 7N E celite?] W77t SHAHE Ao njE ¥ E Yo}
By #8] 85 ARdUo s Ny F o AU} celiteE ol A
2 HF L2 Lol viaAY stgdcHTable 9). AlRUUO S Aejgt £§
t 24298 MAEo] 70.51% o]l o}, AIXIF celited Zo] A
2= ZYLHE AMAL] 71.02%2 2 T 2ol gAY celited
A7 Ao ZA2HE AL F o &Urh ok Katz 73
Schwartz 5%%0] celiteg§ oYL LM digitoning o] &¥ choles-
terol A dYold & EAHE ke Rt FAR FAzjolrt

T3, cholesterol A Aol 71 A A celite WL ARSI 4
3t} saponing 1.5%W 7[R LR/ 45T 308 WA F, celite
g $5Pol cisf 0.25 0.75, 1.25%(w/v)¥ ZtZh A7iste wlady 34
tt. 32 ZA3} celiteg 0.25% HIUS cholesterol ¥
12.46ug/100ml o] 3.49mg/100m18 24K o]  cholesterol A A& o]
72.002 7H% U3, 0.75% MIIrjo]E  cholesteor!  ¥ako]
3.61mg/100m12  ZAE o] 71.02%, 1.25% H7ixjol:  3.91wg/100mle]

cholesterol & #8313 glol 68.61%2 AARS YUelol o3l 0.25%

Table 9. Effect of addition of celite on the removal of
cholesterol from milk,

Treatment Removal of cholesterol (%)
Saponin only 70.51 = 0.33
Saponin and celite 71.02 £ 0.14
Reaction conditions were reaction time, 30min. : amount of celite

addition, 0.75% . temp., 45T and saponin, 1.5% of milk,
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A7 o B} cholesterol A &o] WolHtHFig. 7). ol butteroil
2% 9] cholesterol AH|AHA], saponingto & A 2|¥t 7392} saponind}t 7
celited 7Y ZA 92 cholesterol &o] 2zt AR 1g% 2.08mg} 0.70mg
28 celited H7IWE ZA 97 cholesterol A A ©lf HI}Holele
Sundfeld $Y¢] Zzteles AAISIU, celite?) WAl FHMUSFH
cholesterol 8] MA&ol F7Iirhe ZAele Aoldtgch ol AHHH
AP xolz £ HYPME celite PMe=&F 2y A 4IPSt
celite M7tato]l F71P4&F cholesterol HAKo] HAALE VEUHAY
0.25%& 7}g W& HJtPes 43V dEolela A€t mepA
}=qt o} celite M7IA], cholesterolz} saponin®] complexe] ciyt
celitegztZte] FyA 2go] HAA 23]8 cholesterol HAE] A

e e Alggrt

5) Saponin A 2] ¥ {of ZE3lE saponing H &

L3 E saponin} celite® AMal¥d AL, celiterx saponin}
cholesterol 2] {3 E F2ste] FAA Hd, SUANE FASIA] ¢
2 Befo] celitex ZpAS] FAZ ool 4A stetgdol ¢ReZHH &4
3] A A"l 23y saponin®] B ol cholesterol & &2t saponind
25 A Hu, AN cholesterolZ} ¥HE51A] o2 n]#}e] saponind

il

3 AARA g SHo] BEYU FHsgol Y. wetd B AR

A ffol saponin 7tk Walsle{ (0.5, 1.0, 1.5, 2.0%) HHEAIRE
2 29} saponinz} ¥} A F celited F 251 E uwiof, $gol &8}

+ saponin®] ¥8}(%Quillaja Powder Residues content)S &Adleict 2
Z}(Table 10), saponin®] H7igto] F/MU4E &S »«QPRE e

31, saponin¥h& H7I¥ 79X}, saponin celiteE ¥ HIY B¢
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Table 10. Effects of treatment process and amount of saponin on

quillaja powder residue content(%QPR) from milk

Saponin residue content (%)

Amount of saponin (%) -
Saponin oenly Saponin and cel i‘te
0.5 0.08+0.002 0.06+0.003 ‘
1.0 0.12+0.003 0.07+0.002
1.5 0.13%0.004 0.070.002
2.0 0.32%0.008 0.17+0.002
Reaction conditions were reaction time, 30min. : amount of celite

addition, 0.25% . temp., 45T.

¢ %QPRo] © utglth. uwelM celite& A7Iste Zol $fol TEI}{:
saponing A A3t=d Fu A&FHolet:s A& € 4 ddArh o
Sundfeld 5’0} butteroilo] A cholesterol® #AY uff, saponin}
celited 7| A2 A& 2] %QPRo| saponinPtE A 2|}t A& %QPRR T}
3 A7 dolvkes B39t fAlsiel. Saponin A 2| ¥ o] TEII= A
Ed 42 53] Fd2HE AA AP ZEH(A Axd AR
1.5%0] A %QPRZ 0.07%% Zu|Ro|n], LAYl ALE quillajalbark-‘ll
ALEU S oln] A FatgelM AHYEA U AZFYEEAZ A&HIT gle
EAY]|22 P B geeel Azdc)

U, g HEARM Yol o £R]F Y cholesterol AA AHzAY AF

1) Cholesterol A Aof| th¥t Fractional factorial block3} H A&, .

Stat-graphics W2] program® 3}1}¢l central composite design(CCD)&

o] &3} 3 level-4 factor2 designdle £-§2| cholesterol A ALEE &
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U423t FFY A Table 1194 Frh Saponinte] WEX|ZH 10
&, celited] 78 0.25%, HH-&E% 45T, saponin®] H7I% 1.5%0]A
cholesterol M| A &o] 72.24%2 7} ¥ %31, saponinzte] WA 50,
celited] H7l8 1.25% W2 45T, saponin®] H7F3F 0.5%o A
cholesterol A A &o] 66.44%% 7}% sk}, ub-GA|ZE 10RAA 2|t
UelaL,. 502 HARE Jeld AL saponinte g Aol
cholesterol A&l F¥& F Adtthe Sundfeld T8 Aot 2
ol7} 2leonut, 4ABHEH olulollA e U4t saponini} cholesterol] WH-gA]
o] W45 cholesterol ALl Zr7ithe & $¥o Azbel nF W
digitoning ©]-&%¥ cholesterol HAMHAH AP HeloldoHE HE
A1 2t3} cholesterol A FAgol vlad BAE 2tz glrle Micich®™s B3
ot fabstdct. E¥ Oakenfull F'%o] sitcao} saponingl YEFQ
diosgening 3174 3}3}o] cholesterol AMAX] A3 20Fo|feo] 30%2)
cholesterolo] M ARt 3ttt etolA uh-gANRIY] S ALY
& & 3080 HAPZAIoI o, & MY WHgATY UER
AE AR Ao otet WFA T oo il 2AF] HYHeoz
&3t Zol7] djEol I Aol 2ols} rta AEYU 4 olrh. Celites
A 7tako] £82 0.25%Q uwj 2 che] cholesterol | A&(72.24%)& Ko
2, 1.25%d o HA2 AAL(66.44%)& Rolul, o|RL Yol AFA
o celiteqte] wEATo] thyt MY A} AX M celited] Fo] F7}
Y4 butteroil? cholesterol #A&o] Z7}gtchE Sundfeld B¢ 2
2} ot ztolzt Qo o] ztol7t et A AR Aolo o3
Rolgt & 4 glzlch WFLEE 45TYU o cholesterolo] 7t wol A

AR =), o] A3} saponing o] &3} butteroilo]A cholesterol A



Table 11. Fractional factorial block of experimetal design for

cholesterol removal from milk

Treatment Coded var,

Removal of

No. X1 Xz Xs X cholesterol (%)
! -1 -1 -1 +1 71.28

2 -1 -1 +1 -1 69.19

3 -1 +1 -1 -1 71.57

4 -1 *1 +1 +1 71.37

S + -1 -1 -1 69. 82

6 * -1 +1 +1 69. 98

7 *1 +1 -1 +1 70.08

8 *1 +1 +1 -1 66. 44

S 0 0 0 0 66. 66
10 0 0 0 0 66. 66
n -1 -1 -1 -1 70.74
12 -1 -1 +1 +1 72.24
13 -1 +1 -1 +1 69.23
14 -1 +1 +1 -1 71.63
15 + -1 -1 +1 70.19

(continued)
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Treatment Coded var. Removal of

cholesterol (%)

No. Xi Xz X3 X4

16 +1 -1 +1 -1 70.79
17 +1 +1 -1 -1 68. 57
18 +1 +1 +1 +1 69. 50
19 0 0 0 0 66. 66
20 0 0 0 0 66. 66
21 +1 0 0 0 71.99
22 -1 0 0 0 68. 97
23 0 +1 0 0 68. 80
24 0 -1 0 0 68. 49
25 0 0 +] 0 68. 69
26 0 0 -1 0 68. 44
27 0 0 0 +1 68.19
28 0 0 0 -1 69. 22
29 0 0 0 0 66. 66
30 0 0 0 0 66. 66

X; : reaction time with saponin {min).
Xz : amount of celite addition (%).
X3 : reaction temperature (T).

Xs : amount of saponin addition (%).
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AA 30CHETE 60CHN HALIS WA At Sundfeld 529 Zts}
fAstE R, HEREY WREe e AHA} R, Oakenfull X9
diosgenin®& A 3}3le] cholesterol M A AE L AAWE off 18CHAE
9 1.5%8 F/Istd& ol Aol AAEE, 0.5%F FIISIAE ool 3
2 HAEE vehddel. ol 43 HH oluolA saponing] {7iPol F
784§ buttecilo A cholesterol #AA 7} E71gchs Sundfeld B
o] Aol Y5y, Micich %0 digitonind A8} cholesterol
& AAY o, snith F0] IPoly B-CDE ol 881 cholesterol &
AY wol= gFPAUAN FAAY Hrio] F7Y4EF  cholesterol
HAAXAE Fristdchs Baet dXstdct. 28 saponin 7Y ©&
2ol oYy AY Ak Aoist lEd, ot AyEsFol EYHI
HEiAeog L3147 dEd Az FZHc}

2) 989 cholesterol AA 21 233}

Saponing o]&3to] ¢{F2 cholesterold] HAEE &ol7l #HIA
saponin2}2] ¥b-EAIZ, celite F 718k, ¥HE L%, saponin FVILE Y
He2 485, cholesterol AAEES $&5H4, YR HAEstd tiE¥ 7]
EME 438% ds Table 129} Pl o] A AR st 95% {9
oA Feldo] dle SYHsLE st Unxlis A% A7l A
4, X gAY, 23 HLS UehlA| ¢& interaction terms & Wb
SA A Xcelite A7IFXWG2E, FUYR WHELY 23285 Yehd
A &  quadratic terms F HIEAFLE2  podeld] Y =
76.170922 — 0.527165X + 0.006374X,° — 0.008311X:XXs & €At} t}
FHIES AAol iyt L4 £4 (Table 13)& +3Y I #4 ¢
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Table 12. Values of regression coefficient calculated by RSM program
for the removal of cholesterol

Ind. variable Coefficient t-value Prob>iT:
Constant 76.170922 32.1917 0. 0000"*"
Xi -0. 527165 -4.1788 0.0006™"
X3 -0.161345 -1.7704 0.0946
Xi* 0. 006374 5.8207 0.0000™""
X1 X Xe 0.120682 1.7131 0.1049
X1 X X3 0.006612 1.8624 0.0799
X1 X X4 0. 068521 1.0422 0.3119
X2 X X3 0.137055 2.6196 0.0179
X2 X Xq -4.262896 -2.5785 0.0195
Xs X Xa 0.091429 2.0983 0.0511
X1 X X2 X X3 -0. 008311 -2.9442 0.0091""
X1 X X3 X X -0.004302 -1.7808 0.0928
- X3 X Xe X X3 X X4 0.003748 2.7803 0.0128

X; ' reaction time, Xz : amount of celite addition, X3 : reaction
temp,, X4 : amount of saponin addition
**p<0.01, **°p<0.001

Table 13. Analysis of variance for full regression of the removal
of cholesterol

Source Sum of Squuares DF Mean squares F-value
Model 71.1206 12 5.92672 4.28993°
Error 23. 4862 17 1.38154
Total 94, 6069 29

¥ @ p<0.1
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& ZABIE F-valuek 93% £EA AP UEeidol thaHEY
of olsto] MY Z W4 o] o3 4B Y modelr]o] 93% FFolA F43
o] AASTS ¢ 4 AUrh oA L2 modeldjo] wiz] NFEAETHYS
4-%3to] Fig. 8-102 2 F§ ddct. FPH4 F VAR E 23
ANA BAHE Z3 NgAT 108 A uf celite P 0.32%, WS
27C HZolA qr-ggto] 70.8x2 Hi ¥hg & dEhiNR, WA
502U APole celite U1 1.25%, WFLE 43T HIolAH 44.8x=2
HA eSS Uetddct SUES celite PP S ZANAS we
celite A 713 0.25% wf WA 118, L5 32T FZolA 70.9%
2 713 S e YS JERAI, celite ¥7tao] 1.25%Y w] wr-gA|
7E, ST 44T FE2ol4 45.3%2 71F 2 b3S Rych 4§
L5 E IAANAS AL 257t 25CY W wHSAIL 108, celite 7
0.3% B-JollA 71.0%2 I BA3, 257 456CTY ZF ol g4
Tt ATE, celite 718 1.25% ol 43k 46.5%8 et oy
o] A2 A HrSAINL 10~1180|H, celite ¥ 7} 0.25~0.32%0]
3, MSLTE 25~32TYS 4 4 Addrt. H 9 cholesterol H AR
& Bol: Z Ey¥Se AHJ=ARE vEstd WEAL 10E, celite
M7t 0.25%, HELE 25CE oo, of Y A S modelXof the
o] AL 89 #Hrl cholesterol MAZFL 71.02%2, A Yol A A&
HAEL 72.27% ALY FAlstact

-

fr
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Fig. 8. Response surfaces and contour plots of the removal of cholesterol from
milk at constant reaction time of 10, 20 and 30 min, repectively.



- 651 -

lite addition = 026 %

Temperature (°C)

"N NB O8N

Reaction time (min)

24 e8 R g o

- &3

Amount of celite addition (%)

Amount of celite addition = 078 % Amount of celite addition = 125 X

]
£ ol g
L s
£ B
i )
R A As.

CINTEE NN BN RN A W NBNBOEN
Reaction time (min) . Reaction time (min)

Amount of celite addition (%)

Fig. 9. Response surfaces and contour plots of the removal of cholesterol from

milk at constant amount of celite addition of 025, 0.75 and 1.25%,

respectively.
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Fig. 10. Response surfaces and contour plots of the removal of cholesterol from
milk at constant temperature of 25, 35 and 45 °C, repectively.



2. Saponing ol &% AY 2] cholesterol M AHoj thit Ay

7}. 388l cholesteroldq A A3z2d FAA

1) Saponin %2 ¥

Saponing o] &3%to] Y2 cholesterol A A 2], saponin §¥& X7}
cholesterol Aol nmlxls F8E& YoliJ] sisl, BE 24 L FYIA
8131 saponin £ Hxgt 1, 5 10, 15%% ©a|sio] UYY A3,
saponin €2] w57} 5%y u] cholesterolo] 71.67%2 713 wol MAE
213, saponin €2 %7} 1, 10, 15% ¥ well= cholesterol A &o|
2}7} 64.63, 69.06, 62.00%% uQlTHFig. 11). ol AN AAY £/
cholesterol & saponin® 2 A AY of saponin®] =7} A= ¥ &
Aty AE Uehlidd:, saponing LEHY AP, saponing] o]
polymer g% 93 mmolUujZ}=] & cholesterol?] H A &o| F7slctizl, 2
ol Ate] oro] E|@W cholesterol?] A A-8o] MAS ZAgtie Micichi §
®2.Bol Astolx FAlsich.

Z % Sundfeld £ butteroilo] A cholesterol & A A Y uwf saponin
92 =7} 0.40mg/mi¢l Zlo] 0.04mg/miel F-$ Brl 1.48] F= A A
220t ok stdoen, %2 cholesterol €90 A4t saponing A7}
3to] cholesterol®] f3lxol| AW AHEE & wl, saponing] H7}Fol
37184+ F free cholesterol®] o] ZAsitizt AR F& ool HHE
t] o}l cholesterol®] o] Z4stza] Ui YF+EE FAFA Hcizn
B 3stertt, ol saponin®] ¥ slato] WA o|ito] H wle cholesterold
th ¥t saponinZats 9] F A Lol UMAM L2318 cholesterol HA
227 Ase Ao Ag¥cl

- 161 -



15

TW///////////%/////////A
%//////////////////////////////////ﬂ///%

T%///////////ﬁ/////////%///%

|

10

5

o o o]
7 6 5

(%) 10481$3j0YD JO [eAOWDY

Saponin concentration (%)

he rem f
ction with pH 7.0 sa-

m by rea
olution at 50°C for 30min.

cholesterol from crea

Fig 11. Effect of saponin concentration on the removal o
ponin s



2) Saponin €2 pH 4%

Saponin £¢]2] pH¥= saponin2} cholesterol Zt2] micelle H§tA] &4
of 4%& F£ F& Aot 279 FLE ol W& S casein
Teide) HAZA L HFAE pHsl pH 6.4~6.6 HH olUAo} st22
pHE ZEstedE U2 FAHel Aoy, I FeL oy gl
Wi gl AYolng Y pHE XSt o] FHolAe o] &
BAZ HA Q=P metd, £ AP AU cholesterol A
A], cholesterol MAZ o] 71 S F¥E ulX = saponin §A pHE
defstr] 915t o] Lol YKol Ax caseinttfPo] VAH
2z WA casein?] FTAHQ pH 4.6F Y3l 5% saponin LW pHE
5.5, 7.0 Q@ 8.5 zZzZ} Z Al cholesterol?d] AHAEZE vlzstdct
(Fig. 12). 2 A3} saponin € ¢] pH7} 414 5 504 cholesterol |
ALol 73.40%2 713 &R, $4 % <Zelded pH 7.0 .50
HA Lol 71.74, 61.02x2 HAH 0T A3t saponing W pHrt &7
2]’do]l ¥ 4§ cholesterold] MA o] Yol B & R Focl. o
£ Sundfeld $Y0] saponin® o] £3}o] butteroil®] cholesterol & A|A
Y uwj pH 4.54 F97t 7.0¢ wiRch MAREAI ke Fajel, A4t
saponin?} cholesterol & ¥'-SA|# & w, ¢4} saponin £2] pH/} V&

4& free cholesterol?] o] ZARTIE P90 B 79} §A}5}T}.

3) Saponinz}e] Hb-g2 % o8

Pfol v3 AP AEI HOBE saponin Y F LA uHL A7)
7l M E K2 saponin}e] UFEEHT} S5& A HFdA, 2
©ol saponin Eufo] FUSHA JopEol IJtAl fof ¥rlh. uletA,
saponing ©]-&38le] Iy Fol FHHol A& cholesterold HMAY u,
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cholesterol H Ao} nlxlEe 2% F¥S FB37l $isf A d pH}
5.52] 5% saponin €& M 7}8l 40, 50, 60TolAM 3087 ukZA At
O B3} 60T A ¥bg¥ B cholesterol A AEo] 74.34x2 713 w4l
on, 50C%} 40T ME 2t 73.32, 65.22%xF Yehjdch(Fig. 13). o
A2} Sundfeld 5%'0] saponing ©]£3}¢] butteroil®] cholesterol |
AAl 30C T} 60Co}A cholesterol MAXN o L4¥cty 2ag A
3 gxstgden] &®o] panaxadiol F panaxatriol T U4 WHMNE
M 7}sle] cholesterol 2t WEGAAE il ¥ 2 2x4] 50~60TA
free cholesterol?] ool 73 ugltie= AAgx HAlsich =
Riccomini 5%’ cream3} butter fat& saponinz} 65T A 1A} 5 ¢t b
2AA 22 80, 90%2] cholesterol & AMAsIGom, oA AHEE &
2] Aol saponin}2] WHgLEI} 25 35TYE wjRrl 45TY wir}
cholesterol #|A&o] &t welx], saponini} cholesterolz}e] A
L2 ¥&48 U35 Yoy} hydrophobic interactiono] & uk-g-7|3}

ojgtil Atz Hr}.

4) Celite 52| 48

Celite?] A 717} cholesterol A Aol njayx= F8E HAS7] H3lod 2
HE saponinTt o2 A 2|¥ 722} saponin celited o] A H-¢
2 Uo] uaMyy A} Table 149} Qtch. Saponingto g N ¥t
Y- cholesterol A &o] 74.34%9 21}, saponin celited o] A
2% YL cholesterol A AEo] 75.69%F celitedF IIst:= AL
cholesterol M Aol ¢& ALAUE uelfgict ol Katzo} Keeney”
gl Schwartz S%%0] celite® o|R%O TN digitoning o &Y

cholesterol A AN & AANE ol B2} FAIRE Fagde
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Table 14. Effect of celite addition on the removal of cholesterol

from cream {(triplicate)

Treatment Removal of cholesterol (%)
Saponin only 74.34 + 0.45
Saponin and celite 75.69 + 0.33

Reaction conditions were pH of saponin solution, 5.5 : temp., 60T :
amount of celite addition, 2.5%.

o], Sundfeld S*o] butteroiloA] cholesterol & HAY uwf saponinBtZ
A%t B9 saponin?t celite§ o] 7Y FHERrh dHoldle
cholesterol®] <¢to] 3w A= HWkcle Rigx {KAstdch =R,
saponin® ©] &3t 98¢ cholesterol g MAY uf celite P14 7t ¥
A 7}Foll M3 cholesterol Aol WM E&AHAZCl ¢ HHA ojn
3= ch

3P 2} cholesterol A Ao 713 A}l celite W7IF & FAF5H7] H
3] Ao pHYl 5.5 5% saponin £%9& M7t 60T A 303 ®H-§
A X celite§ AYarol tistyd 24zt 2.5, 7.5, 12.5%2 M 7tsto] nj
2AHEY A, celiteE AY Y 2.5% H1519 S ul cholesterol AH A
&0o] 76.32%2 71% w2, 7.5% HVIBIPS wE 75.69%, 12.5% A IIA|
o 72.80%2 93|3 2.5%8 M7IY wjBrl cholesterol A A&o] HolArt
(Fig. 14). o] AL $H/E o1& UYAA celite HIFol +/HT2
0.25%Y wj7} 0.75%1} 1.25%Y wj .t} cholesterol #Aof ©f &} olz}
g AYel Ae KA, celited] Aol FNUSH
cholesterol®] A Aato] Z7lgcie Sundfeld EYo] Azlel xjol7} ol
th ole AYHsl AP Aol2 Sundfeldd] AHoll vi3] £ HHAME=
celite W7Hs=& ®A AHEBsIA  celite HJYFo] FNUSFE

fr
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cholesterol MAEo] HA&= V=P A 2.5 7[% ¢ JrPes 4
sty dBolzla BAWcr oty A= g9 celite HIMA,
cholesterol 2} saponin®] complexol ti¥t celiteEx}te] H2BA zHLol

HARAA L2358 cholesterol A &o] ULSE: Ao AlgHL].

5) Saponin A 2] ¥ Yol FE3}= saponing Y} &A

33y & saponinZ} celite® A2¥Y AL, celitex saponinY
cholesterol 8] E{UAME F2ste] WHstA Hedl, ol EPYANE 3
lx] o2 Arelo] celite® ApAle] BAZ} alo] A 7leidol APo sy
B @#H3] AA™c. 28y saponin®] F-folE cholesterol & FY
saponing 2% M A7 Hu, AUH cholesterold} ¥h-g3}x] Q42 nj Y
saponin® @A AAHA U APl FEY spsdol AT, mety
2 dFoM e ZH I saponing A FE HEE(1, 5, 10, 15%)2 WA AS
B9et A2} saponing A& WA F celite FANLE wol], 2
Yol }E38lE saponin®] ¥ 3(%Quillaja Powder Residues content)& &
Astgrt. 2 ZA}(Table 15), saponing€ ] 7} 1%9} 5%5Y wo:
%QPRo] T} 0.02%x2 X}o]7l gloiey}, 1 o]t sXo]AE saponing 2]
T2 F/1EFF &2 “QPRE Uehl oL, saponintrg HIIY Ff-Hcl
APEU 3} celiteE 7 HIIY Z§ %QPRo| 0.01%x2 ¢ uolr}. ulely
celiteg 718l Zo] ZYol FE3t: saponing AASted & ¢ &
&Folzgte AL & 4 ddrh. ol Sundfeld F*’o] butteroilefd
cholesterol & M A Y ul, saponin®} celited 7] Az2|§t A]7 &l %QPRo]
saponinTt& A 2| A& o] %QPRET} 13 4£X7} udolches R {4hst
Ch X $RE ol &Y AYA olet RAY HAAE dacl
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Table 15, Effects of treatment process and concentration of saponin
solution on quillaja saponin residue content(%) from

cream
Concentration of Saponin residue content (%)
saponin solution (%) Saponin only Saponin and celite
1 0.02+0.002 0.01 0,001
5 0.021+0.001 0.01£0.001
10 0.06+0.002 0.0310. 006
15 0.10+0.009 0.08*0. 003

Reaction conditions were pH of saponin solution, 5.5 . temp., 60T :
amount of celite addition, 2. 5%,

Saponin M e ¥ Ao }&3tE saponing] B F3] cholesterol #|A
of 713 Z&AQ saponinf o2 HEQ 5xollA %QPRS 0.01%E ZujPo]
W, £ d¥olA AH8¥ quillaja bark®] saponin ojn] AFideM A
AUPA L AZHEARE AEHDL g B2 B P EA
gdezlet Atz

U M2 EAEM Y] 2% AYF2] cholesterol M A AHxAe AA

1) Cholesterol A Ao tiiqt fractional factorial blockz} A AE.

Stat-graphics 2] program®d 3}1}¢Q] central composite design{CCD)}-&

o] £8}o] 3 level-4 factor® fractional factorial designg 3ty A e

cholesterol A A &S F4HHU4 Tl SAHY ZA}:= Table 169} i},

Saponin £992] pH 5.5, celited] H7}a} 12.5%, ¥1&¢&% 40T, saponin
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Table 16. Fractional factorial block of experimetal design for

cholesterol removal from cream

Treatnent Coded var. Removal of

No. Xi X2 Xs X4 cholesterol (%)
1 -1 -1 -1 +1 72.54

2 -1 -1 +1 -1 74.26

3 -1 +1 -1 -1 66. 25

4 -1 *1 +1 +1 77.36

S *1 -1 -1 -1 65.20

6 *1 -1 +1 +1 78.43

7 *1 +1 -1 +1 70.23

8 *1 +1 +1 -1 74.02

S 0 0 0 0 68.76
10 0 0 0 0 68.76
1 -1 -1 -1 -1 66.74
12 -1 -1 +1 +1 77.86
13 -1 +1 -1 +1 86. 70
14 -1 +1 +1 -1 71.99
15 +1 -1 -1 o1 69.09

{continued)
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Treatment Coded var. Removal of

cholesterol (%)

No. X1 X2 Xa X¢

16 +1 -1 +1 -1 74.86
17 +1 +1 -1 -1 64.53
18 +1 +1 +1 +1 75.73
19 0 0 0 0 68.76
20 0 0 0 0 68.76
21 +1 0 0 0 66.20
22 -1 0 0 69.95
23 0 +1 0 0 68.74
24 0 -1 0 0 69.85
25 0 0 +1 0 74.53
26 0 0 -1 0 68. 04
27 0 0 0 +1 67.07
28 0 0 0 -1 64.66
29 0 0 0 0 68.76
30 0 ] ] 0 68.76

X1 ¢ pH of saponin solution.
Xz : amount of celite addition (%).
Xa : reaction temperature (C).

X4 : saponin conc. (%).
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£99 Fxrst 15%Yd uw] cholesterol M A &o] 86.70s2 713 w3,
saponin €] pH 7.0, celite?] V7% 7.5%, UL % 50T, saponin
8] M=k 5% uw] cholesterol A A&o] 64.66x2 J}F wlkch.
Saponin §-9§2] pH7} 5.500 4 izt el pHrl 7.04 of H4%E
Uetl= R saponin§fo pHrl AERSE & o7t WHEFH
cholesterol MAXZ}7} It Sundfeld Y3} &2 2Astel YA 8ol
gollA saponin B2 pH YL XASHAE wW pH 5.500M 22
cholesterol AAAA7E Vepd 22 SY¥ Aolt}t. Celitex Aol
iyt Hoigol =Y 12.5%Y wl AR cholesterol HAEZEE Rolz,
7.5%d ol HAY AAEZEES Ryl oA golA AINUY celitet
TE I te] iy A¥ Ao Aolrt Ay AHLEF EYEH FHi
Hog Zg3qdr] dE€d ZeE BAHO celited o] FNUSTH
butteroil®] cholesterol A &o] Z7¢tchE Sundfeld E9] Ao} ¢
g, gL EE 40CY o cholesterolo] 7}A wol MAE I 50T
A 713 ZAA AAHEY, o] A} saponing o] £3le] butteroilofA
cholesterol A AA] 30TCTHTE 60Tl HMAXA7 WA At} &
Sundfeld 5ol Zz}e} zlol7} g1z, WSeE2 TS Ho] Tyt YA
AT Aolrt Ut} OJAE celite 7t B3} B AT sy 48
A=}ell iyt Zo] olet o8 FYAAEY FUAHL J2PA o3 4
2 ZFol7] wigelrt. Saponin H7tRe] ZA$, saponing HE7l 15%&
A5t & wholl Hof cholesterol MALE, 5%F W/IsiAES woe 3
& AAZLE Yehdiddch ol 4 UM oluolM saponing] FIlgol F
714§ butteoilo] A cholesterol A X7} F7I¢che Sundfeld §%
o] Ao} Y8y, Micich®'7} digitoning 1A 335} cholesterol &
AAY of, smith $0] YPols B-CDE ol§3to] cholesterolE A
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Y dox dFUAUAAN F2AA ArPe] $7H1U4F  cholesterol #
A7t 739t 22y saponin W7t ©EE o] oyt AY A
¢ 2o}zl e, ol AHS4Eol THUH Yoz LA
HEY Aoz Bydr}

2) 3 ¥ 2l cholesterol M A 22 33

Saponing o] &3] AYE cholesterol HALEE ®ol7 ¢t
saponin €8] pH, celite ¥7}3, WL L%, saponin £ HE& &
U2 WA, cholesterol MALE F4HS Y2 dPsto tiFy
ZIEN S $38% = Table 173} Yrh, o] AAE AR sty 99% &
YaEod fogo] A SUHLTE stz UnAE 77 A0 7
2% 34, X% UgSE, 2L Uehix] ¢+ interaction terms
% celite ¥ 7} Xsaponin €98 Hx, FUY USSR 23285
UEt =] ¢l quadratic terms ¥ WEEE 2 modeld] Y = 141.929305 —
3.588439Xs + 0.57712X:X + 0.041335Xs° § Qoicth tiZ2y 12N AN
of W@ F4 4 (Table 18)& $£UY A} R £&& HAAs:
F-value® 99.9% &4 #948& uehio] ciFHEH] st A
Y 2 Aol o3 dYE modelo] 99.9% £FoA 4ol AL
o 4+ oddch SlolM @2 modeldlo] cizf WFHAEMYE 4o
Fig. 15~172 2 Z2A& ddch. SYH4 celite WP E LA H
B4 A2 celite Brlako] 12.5%d uwf, WWELE 46, saponin £
o % 4.7% RolA I 4bg 2199.1%5 UERNG R, celite M rigto]

7.5%, ¥FE2E 44T, saponin €N % 0.5% EZolA A 8t
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Table 17. Values of regression coefficient calculated by RSM program

for the removal of cholesterol

Ind. variable Coefficient t-value Prob>iT!
Constant 141.929305 7.5684 0.0000>**
X3 -3. 588439 -4. 4793 0.0006™*
Xa 2.037679 1.3319 0.2058
Xz* 0.068114 2.2334 0.0437
Xs* 0.041335 5.3115 0.0001""
X¢ -0. 051461 -1.6532 0.1222
Xy X X2 -0, 238569 -2.0733 0.0585
X1 X X3 -0. 006956 -0. 4022 0.6940
X X X -0.09255 -0.5132 0.6164
X2 X X3 -0.045419 -2.7790 0.0156
X2 X X 0.57712 3.9022 0.0018"
¥s X X4 -0.018619 -0. 6427 0.5316
X1 X Xz X X3 0.007436 2.5358 0.0249
Xi X Xz X Xa -0. 052501 -2.3829 0.0331
X1 X X3 X X4 0.002451 0. 6450 0.5302
X2 X X3 X Xs -0.007189 -2.3191 0.0373
i X Xz X X3 X X4 0. 000541 1.1825 0.2582
X1 : pH of saponin solution, X2 amount of celite addition,
X3 ! reaction temp., X4 @ saponin conc,

*p<0.01, ***p<0. 001

Table 18. Analysis of variance for full regression of the removal

of cholesterol

Source Sum of Squares DF Mean Squares F-value
Model 684. 802 16 42,8001 24,6842
Error 22. 5408 13 1.73391
Total 707. 342 29

***: p<0.001

- 175 -



- 9.1 -

Amount of celite addition = 25% Amount of celite addition = 75% Amount of celile addition = 1258%

7 $
& LR P R s PR SO S o il
PR g s g
g o] . g 11 g’
. ! . $ 3
8 71—, e N\ iy 8§ ]t 8
$ T T 0 ~—T T T 1 YT Y
e & % 8 W ¢ &« & & 9 O Q uWw e a8 %N
Temperature(*C)

Temperature(°C) Temperature(*C)

Fig. 15. Response surfaces and contour plots of the removal of cholesterol from
cream at constant amount of celite addition of 2.5, 7.5 and 12.5%,
respectively.
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Fig. 16. Response surfaces and contour plots of the removal of cholesterol from
cream at constant temperature of 40, 50 and 60°C, respectively.
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Fig. 17. Response surfaces and contour plots of the removal of cholesterol from
cream at constant saponin conc. 5, 10 and 15%, repectively.



57.5%& Yehfct. HPd4¢ F UE2EE 0TE YS9 & de=,
celite M 7% 6%, saponin €49 X 8% FIolA 99,652 1% w2
e e Ui, LS E 40TCE 2H3AE B PolE celite N
7} & 2.5%, saponin &9 Mg 1.8% ¥IoM JHF ¥ WFuUd
64.9%8 B gch Saponin ¥ HT & ILPAAE 7 -F saponin {4
FEE 10x2 ZEZAAE B¢ 8L % 55T, celite P71 6% F-ZoA
99.0x3 2 7S B AI, saponin £qY EEI} 15%, UEST 43T,
celite M7}% 0.1% HZolA 65052 24 Uehdiglct. oj4te] utg
FEEY A} A el HazpEAo] el FYol Y
celite ¥71z} W25 & 242} 0.25%2} 60CE LFAF|I, HPH42
AN & JasEod F5He7 AoAFE YeR] & saponin £
8 % HEo thsto] modeld & o8 A saponing o] ¥ AYUF
9] cholesterol #MA2 2Y AL celite /I 2.5%, ¥FLE 60T,
saponin £ % 8.3%x2 o]&Eglrl. Modeld]] HHzZAo] &%
cholesterol A A &L 87.40x 3, Aol 2§ AH cholesterol AAE
2 86.43%2 A [Aslderng o] xY¥o] saponing o] LY AY F
cholesterol M A2 HF=AU] FHHYc}

rr
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Al 3 A Cholesterol A AHE 9% saponin 2R 3} vk

I s
1. Saponinz} digitonin®] 33}

Saponing TR A& A, $8 cholesterold] 20%7} AAHAZL,
digitonin@ A A3IE L Aol 30%2] cholesterolo] A ATt o
A3} free saponing o] &3l 9§Z29 cholesterold AHAINAL of
72.00%8 AAY 4 AdW Aol uste] Aws] G2 Azl 3ApdE
L oo] XEo 3t AT E AFAY] XA A g2 2xdERM dF
§ FAA A

2. Silica®} epoxy Wt-g A1Zte] H A3

Silicao] epoxy spacer® ZUAIFI7] $1% A wtg A0S AA3II
98t 80T (refluxT)oll A Bt AIZHE 61 ZHH-E] 304 oA RbAIT F
AU epoxy®] & periodate FP Yoz AFY A} W 24X A7HA]

¥bg A]Zto] Z7}8tel whel epoxy spacer?] ol Frist oyt 1 Fo
= 7t Zy15tgth. whela] silicaol epoxy spacerd LA EEHZ] 1% 3
A QAT Aot AmL3} whg A g naY of 244 3o] A H

£30o2 AZIZtcH(Table 19).

fr

3. Silica®} ¥t& 8} epoxy spacer®y ] 2|33}

Silica 5g2} ¥}-& ¥} epoxy spacer®] %<& 9ImlollA 27ml71z] 47} &
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Table 19. Amount of epoxy ( y-glycidoxypropyltrimethoxysilane)
coupled in epoxy-silica determined by periodate

oxidation®
Reaction time(hr) Amount of epoxy coupled( uzmol)
6 150
12 250
18 510
24 780
30 805

*Values are means of triplicates.

=& deldtoq 80T 24417 WF A ¥ silicao] ZYH epoxyd] ¥
L AT A epoxy spacerd 13.5ml H 75149 E& u]l epoxy spacer’}
906/mol 2 718 ol AYstd ey HFIlst= spacerd] o] F-7tjto] wiel

Z %3 epoxy spacer?] ¢ko] Z+A3lgicl(Table 20).

Table 20. Optimization of amount of epoxy silica reacted with
silica.

Silica (g) 5g 5g 58
Ohr 5hr 20hr Ohr 5hr 20hr Ohr 5hr 20hr
4 2.5 2.5 6 3.75 3.75 8 5 5

GPTS(ml)
Silicaoll A¥H

epoxye] ©}(mol) 833 906 780
Silica (g) 5g
Ohr 5hr 20hr
GPTS(ml) 12 7.5 7.5
Sili
ilicao] AYH 780

epoxy$] <} (umol)
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H 3 MEIAAN. ZLARAN 2SS o|/=st
SKldte| &&l gl cholesterol AN

o It

q1&d3 M 2

FAYS AFFHAAM ote]£ay, 23, i, HEF £E
Boll Ful, 2HAE Foqst= AEER o|&FHo 23 . FAY2
|
A3 & #H3 At FAYS F2 20o449 Yo E FHF
o fxue Feldy AL FEAFA vt EX3E
sty AZWrh. FAYS AFAPAE 531 ol K oA
fFAE SR/ FoE FA¥ch A xygate] 66%7F EEHX| YAt
T8 AYRezAE okl HARCEA A FA A PAtY

2%
ol

rl

97~98%7} triglyceridesolm m|@dE oA AHE, Fa|xyat

8]
wu
R

20~ 30%°] c}.

fALY B4 & 3, UL 22 88 2 2 ¥4
A upate] gtag, YT, FZ2 Fo At FAYL -40~40Tof A
Hom 1 F7 2xoME 2 AgY ZTUEER EA UL P2A
70%0] o] o g Zxsty] wjEe] B, T:WHA Fol spread® o] &3l
2% # A (spreadability)ol Fx X3 <dHE 7tx] 2 9lch

FARE vF FAFA £+ Fo. ¥o, 2ARE FoA3AE

TR Hol¥ B3 A F AR, o2 HEAE, €2 H4dd &3
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L o JtH AlEo MBIALEE AL BE AF A EARS
Az Yt wetd {2ARE 4 WA E HeER e Eel, HYH
58& Za, EX3 AUt v go] 2 £Yog Fysieo il

fAUE B, 2, o /ALY TY) 9 HYF
(o2l a@Wg, F2EMNEE, ©4Lg) GHe  dlq
HYA 7l & Tt Al27t Hol st =@ AU g2y 43 9
Bxajako] t}E t}dyt triglyceridesE FAFo] Qtls 1 E3 xpAe]
54 d&Eo LE&AAH(melt crystallization), LAY (solvent
fractionation), ©t5t& 'Y (short-path distillation) Hofl 28} (Arul
et al., 1988) &, ety JPo] viE€ o HFeld £Yog FEsle
d37t ABEH 23 ddrh. Iy o] YHEL J1FEFF F Suig
HlElY Fol RAEAY WAt 24 Hojrt A ¢S EYEL d&d
A "ol gth(Arul et al., 1987).

T fAY F 2 E2 HARERN 3 F 5% A2 ol
28 2 ZALHES Feldell, AW+ lipoproteinzt AP e] 2
2l ZYAHE oAE 5 3712 Hel2 &xch(Walstra and Jeness,
1984). FAW2 FAFY YUo] sl FHLHES 0.25~0.4% /3l
derB2 AMIFYLHE FAEFS BEI HHANE RAY 3o Sd2HE
& 90% o} A ABloJol &rl(Kosikowski, 1990). o] e A Fx}Eo]
AEe] £l - A S AYHAA U2 AFo2RE ZYLHES
A 3BE Aidsty k. Z2HE A FA$4H(free
hydroxy)& 7123 e vlax I oo, AYrct Ex13o] 2u)
ol Z7] wWigell, ol ¥ FAL o] &Y F2HE AAYYPLEE A
% (Arul et al., 1988), Bul&Z(Borges, 1996), T2 (Shishikura et

al., 1986: Lim, 1992: Sundfeld et al,, 1993: Lim and Rizvi, 1996:
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Kwon and Chao, 1996), cyclodextrin complex(Smith et al., 1995), 2¢
A¢a 22 (Shishikura et al., 1986: Lim, 1992: Lim and Rizvi,
1996: Kwon and Chao, 1996: Bradley, 1989: Chidambara et al., 1993) &
o] gic}.

2AARA F2YLS S Pdel vt ¥ TP KAY FH E
A ES AAEHY FAlol AR FeA PR ExAFA EHE o}
EYstne A g (spreadability)o] §2 2YE & 4+ A+ °FS
74X 3 girh 2UA olatgtAst KAWL ZHE FelLdHEo iy A
Y5 (selectivity) $E2E7 & o Bt F&¢8e] W& o F o
Arstetae WEst Y of AT, of 2ANME fAWY &I W
ong o] 23L& ALAo] AHcl9shishikura et al., 1986). uwhejA F2
g AHg3A @ 2UARA F2UE Wilo] FAYLZYEH L
&8 AANE 3P vFA oIt

2UARA 2o AdojA FA2HEN Mg gl FAA
g oYU o 1Y APoRE FH2HE ALY £& HFAFY
EAF YT FE3 AY A, AL AERNEEANY A
B, B AFAR Fojrl. FAAME Agsl:s EAL 4o
Fasiny, wlay stdo] APsta, FZId2HEUS HeHez Fst
2, U] 2, 2 g, Jlep Ade ¥, A 2 ted AA FH
stojol g} Y Faze] dAE ZH oA channeling $A317] ¢
3lod 2esi, FAe Atz ZrE A YxE FAA ZHol
e el ALY fAe TE AE2E " NS WAHI Hsid Fo3)
th. wiebd FaAE "o, 24y, glass beads Ei= rings B Efo]ojo}
gHch(McLachlan et al., 1991).

ZY2HE AAE I 2UARA 2233 AA QL BAE 4EE

o



A e 2y 2Y ZAS FAlof naiHoiAof ghrl. Ayt
42 &S A AsAE 2LARAA RFRALE SHAA FHA
7t 335 A& 1YY FAZE FAANL ¥ Fd2eH ol AAE #A
WS FazolN ded AP YEo2H dA £Y Ad 4 A7 dE
oltt. Ee] - 33 FAo] tiE EYES AW, A} 2= Y5AEA &
Sof ulel BIERZ RFE3HA ol 8" 4 ok

AZ7tA 2UARA 5 R FAYL o83l {AYe2NE 9
A€l g A Aol B AF=, Shishikura 5(1986) FAA= Aesdg
A-881o] 40T /300 baro] M Rx'W& YA ojAHetLE F& - FAAA
& ol XY £8&0] 80xolAM F2E|Fol 5% o] MAY EY S dd
o, YRS FAAZ A1 E31AE e FHLHE YT L 80% o] ¢ A
At T Moot YIPYEE A FAlo] AA=ActL Rastdct
McLachlan 5(1991)% $&2% 30~60C, $2¢¥ 150~300 barof A
MgCO;, MgO, CaCls, Ca0 & FHAEZ A&t FAYo2HE FLH
&5 100% AAsIALHSLE 80%) R4 ¥ ulg&o] 0.001~
0.112 &2 H|&o] UF Fol uldgHolqrt

ety 2 drdAHEe FAYES YA olANAVLE o] 83}
FE25, 4Y, ATE delsty AL o|THAR P&t Y4t
242 By 4L FPsAct. 2R RAYoE Y FYAHES
HAsHZ #13ted it AdeledM FHAHE Fsol AdE ez
437 9wt FRAME dgste], adolq ZH2HE FH5ol ¥
Rog &#A florisilz wlAs}y] ¢sld, 22325 40T, 23Y™
276, 345 baroldq 3 E: 4AZ F¢ FEsEN FaAY FHE,
AAA7E, H[EE2 FEAL E FAYY £&, SH2HE ¥,
At 24& F3sd
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A1 d 2EARA AY FAYY 2F

1. A=

B Ago] A& B4FAUS A FoH FYY HEF 60TolA =
X AS o0 S whatman No. 1 28 o3l A5 & AI&34ct.

[\
P
s
)
2,
r)-

Hetzol g A2 22

2 A¥o A8% 2AAARA FZ A X (Autoclave Engineers, Inc.
#08U-06-60-FS)= 2|t} ¢telo] 413 bar 712 Al§ 7te¥ 44 FEPe=
ALxE Fig. 13 2t dx F2E&z(EV)o]  F+AAY 20gE
Zalsldct EhalzlAE AIGY(TK)E HE check valve(CV)E AH ¢t
I AZHI(HPP)ol o3 sigEldch o o ®atztA FARY FFH
Age WAyl §isted -20C WZAR(HE)E At ojat¥gias
71218 gRIstdcl. ¥ olarsgtA = ot 2 (BPR)o| 23t
etelo] ZAEUT dYA(P)ol 3l UdY¥o] FHFHAR F&=xET
ol4slgdtt. 2=z ULHL 300 nioj, &EE HIHPLEZRA
dste] zAEgon FALLEA(T) 23t FFEHAUcL olg o
sto] AR g} oM FRLHE /Y F FE22 212 YWie
2¢te] EYEL IR Y nmetering valve(MV)E B3t Eel2(S)dA

drigte s zigd, SAEEAM wAstrel R2EF FEHATH old
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Z35lE ¥HablAe] {82 rotameter(R)o] odte] EFAFHUT
ARy totalizer(FT)oll &3l FEH|Y F oyl Fe=2
Baxodct

A $2Z(single-extraction trial)2 241 barof X F225E 40,
50, 60CE gelsted 3A % & $&3IHFAM uf 0&uict ARE 3o
22483 Wit 24& &FsidAct. olwAFF(double-extraction
trial)& WA 40T/241 baro]Ad 3A% F& F&3ld F2E YA
FEAFE FYE & ¥ F2E Y 20g= 60T/241 baro]Aq thA]
512t Bt F&sidAM o) 30&nict AEE Hsld, FEIXRFE EY
20g= 40°C/345 baroAd 4A|¢ F& F&3PEA pf 30Evnitt AERE
st g =24z §F AL, Le=7E FFstAch

o] ArB}EI A 0] § &2 4 I/min o)t}

3. AP 24

22dyBol xzjulal ZAM L GC(Hewlett-Packard 5890 series II)of
o] sty EAMslgom, column DB™-WAX capillary(30 m x 0.25 mm i.d.,
Supelco, Inc., Bellefonte, PA, USA)S A}&3}l4i, 5+ 50ToA
4874 §AFT L 10T/mine g 250TC A 2EEF &8 2
| stdct. A&7 FIDE AHg3tdx, HE7 R FUFY 2EE

300C, 250C® SAslgdct. uNANEAN AAIVIAE split ratiod

Az
N

1:1002. 8 Fd3stHcl.
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BPRF

Flow diagram of supercritical fluid extraction system(BPR:
back pressure regulator, CV: check valve, EV: extraction
vessel, F: filter, FT: flow totalizer, HE: heat exchanger,
HPP: high pressure pump, MV: metering valve, P: pressure
gauge, R: rotameter, RD: rupture disk, S: separator, T:

temperature indicator, TK: carbon dioxide tank).

. SR, Ayl 2= £F

2228820 M ACSY Cc 1-25, ZH3}Jste= Cd 3-25, RQEJIE
Cd 1-25 ¥¥ (AOCS, 1990)of ulz} &3ttt
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A2 A ZYARA FEUL 8T AU

cholesterol A A

1. A

2 AdYo A8 FrRAE2 AlFoAN U HEE 60TAAN ¥
¥ 25 AL Vhatman No. 1 22 o33l A2 AHE3tdct

2, 27 o]iiyxiLe] ¥ JAYY &

= Aol AEY 2YARA & FX (Autoclave Engineers, Inc.
#08U-06-60-FS)= Hch <ol 413 bar 74x] A8 sl 4
T8 YoItkFig. 2). WA FEX(EV)ol F4RAY 20 g& FYsigrh
ghabzlas AJY(TK)ZXE  check  valve(CV)& AN 3¢
(HPP)oll oj3f 7igtsiqlct. o ml ®HAbylA Folyol FE3}
V2E WAt #18le -20C YZZ(HE)E AHA3to o]uetse
71318 Aot sig® oliMvlAE: gd ZAII(BPR)o &3l
Aol zAHGT UFYA(P)A 3 Aol FAHHAYT (r2zx=
ol&E gt F22Z YL 300 mloj, SEE v Y 2= 2AH I
o3t zAEPOon FHAMLEA(T) st ZAHAT}. ol Zol
sto] AR U LxolM FAMLHEZ Y ¥ 22Z 238 Yite
aete) ZHELS FRAI 3o AdE FAzW)E FAY ¥ ko™
metering valve(MV)& F3to] Eel2(S)oA diride g 2¢d, BAEHAA

gavtaet £2E2 FeldHdch. ol FaAE wAZlAY §3

i}
>
i
o
|d

flo
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rotameter(R)ol] &3l FAE U 4t Kyl totalizer(FT)of & 3}o]
£3=old ¥ vyl Fo2 UEHAT old wItAY {FHLS 7.16
g/min gt FELE 40T, F&UY 276, 345 barofA 3 EE& 443
T &sbdA o] o0&t ARE Y KAYY &, ZH2HE
3, A 24E FFsd. FHABE  B-cyclodextrin(PBYA
B-100, UEAEZ3E(F), YE), talclhydrous magnesium silicate,
Aldrich Chemical Company, Inc., Milwaukee, USA), celite(545,
AersfetEd(F), =), florisil(U.S. Silica Company, Berkeley
Springs, W. VA, USA)& Al&3tadcth. {FA el RAY 3ESE YA
37 913t Fzeol 9lef ool AZF 2 mml glass bead(VWITEG, W.

Germany)& 1.25 cm o2 23 3lgrc}.

223EYE o 1 gol 2 M methanolic KOH 10 mlE 7tsld 3§
Wzt oA 3083 83 A ¥, 250 ml 2o Zurloly BzA
t}-& ethyl ether®} petroleum etherS 1:182 X33 &nf 20 nlE 7}5}o
23 F&3ldri. ol 35T HAIFFTUERIVEZ FAA
isopropanol @ 10 ml A &% F cholesterol oxidase %Y (Boehringer,

1995)0] wel ZLuE ¥FES FFstorch

APt 2L FEEYES vHAEA(ACS, 1990)F GC

(Hewlett-Packard 5890 series II)of] 2]l EMslgdom, columnd
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X

T

TK

Fig. 2.

®cy HEP HPPI G'ID

=
RD
AV
BPR F D
HPP2

EV

Flow diagram of supercritical fluid extraction system{AV:
adsorption vessel, BPR: back pressure regulator, CV: check
valve, EV: extraction vessel, F: filter, FT: flow totalizer,
HE: heat exchanger, HPP: high pressure pump, MV: metering
valve, P: pressure gauge, R: rotameter, RD: rupture disk, S:
separator, T: temperature indicator, TK: carbon dioxide
tank).
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DB™-wAX capillary{(30 m x 0.25 mm i.d., Supelco, Inc., Bellefonte,
PA, USA)E A1&31d3, 2% & 50T 482 FA1% o} 10T /minl 8
250T7x] 2xF &8 2¥3% #A At AEJL FIDE AH&sida,
Fd3 A2 2= ZZ 250Te 300C g SWHIANIEA

HAZVAF Algslgd e, split ratiox 100:10]gjc}.
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1. YctA =& (single-extraction trial)

F5RANEs 2UA ojARtAR 241 bardlq FH2EE 40, 50,
60CE Walsl 3AI% T 308 TFeR & BYY ¥ F4 Y&
FE4E&3 AP 24E F¥sHAch

7 &2z WE FAYY FETE

FAge 22482 FEATA wel FoistAedi(Table 1), ole
F& A0 F71Y £5F olateiL e AbgFo] uwopAe wet {x]Yef
ti®t extract loadinge] #7187 wiEeln, F&LEQ Frd ule}
Z4astded ol £t Y +£5 2944 oA U}
atolx| 28 §x|We] extract loadingo] ABIE 7] wEoltt. #AYWS
241 bared 3A1 F¢ FEIAE @ FEHELE 40, 50, 60TAHAY
X282 27} 41.2, 37.3, 32.9% 4}

Y. 22250 ©E Sx% EYE APy 24

Y&
4,

Ax

SAd2=ofA AF(C4-C8) FF(C10-C12) A HiAES F:2%
(E1~E3)o] H&EHAIL I & FE2ANY F7lo] met 2astd

lo
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Table 1. Extraction yield(wt%) of anhydrous milk fat at various extraction
temperatures(extraction pressure: 241 bar)

Extraction Extraction temperature(T)
time(min) 40 50 60
30 3.5 31 3.3
60 10.4 11.0 10.4
90 19.8 16.8 16.4
120 29.1 25.3 22.7
150 34.4 30.8 27.7
180 41.2 37.3 32.9

313(C14-C18) AHiEL JFEUHFE EY([R)ol HEEcHTable
2~4). FY oA IZFEIHA|YWAIS(unsaturated) S FEIFE

Yo, 2FEHA|YiS(saturated)E FE2E EBYHol Bl

SERAYLAE LI EHAYAEL 4] E(unsat/sat)S FEIFEAAN
A3 F71stgdch. AFAYAE} FFALUAES FE2E S +F
AMejdeog gol AR, IFAPUES FE2E & TF

FETHRE F=HAT FE2ET FUUSS EXY AYVES i
ol

E¥of 1.08~1.158) &= At
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Table 2. Fatty acid compositions{mol%) of AMF and its SC-(0; fractions
obtained at 40T /241 bar

Fractions AMF El E2 E3 R
Ex-tract.xon 0 1 9 3 3
time{min)

C4:0 7.3 12.2 11.6 10.7 5.3
C6:0 3.7 4.6 3.7 4.2 2.5
C8:0 2.0 2.5 2.5 2.1 1.5
C10:0 4.4 4.8 5.1 39 3.7
C12:0 4.7 4.8 5.4 3.9 4.1
Cl14:0 12.7 12.4 13.8 1.9 12. 4
C16:0 27.6 27.2 27.1 27.8 28. 4
C16:1 1.6 1.4 0.9 1.6 1.5
C18:0 10.8 8.70 8.80 10.0 12.2
C18:1 22.2 18.7 18.3 21.0 25.1
C18:2 2.4 2.3 2.3 2.5 2.5
C18:3 0.6 0.4 0.5 0.5 0.7
C4-C8 12.9 19.3 17.8 17.0 9.3
C€10-C12 9.1 9.6 10.6 7.8 7.8
C14-C18 78.0 71.0 71.6 75.3 82.9
Unsaturated 26.8 22.8 22.0 25.6 29.9
Saturated 51.2 48.2 49.7 49.6 53.0
Unsat/Sat 0.52 0.47 0.44 0.52 0.56

2. olgtA 3 & (double-extraction trial)

Zt Y EY AYat 24 2olE I fdld & AF, FF,
AFALYAEYR 2FEY, 2FEEHAYUE] Xl sHY Y&
271 $I3te], 40TC/241 baro]ly dTA F32 A2 FEE Y
60°C/241 baroll M o|TAZ 5A% F& F&sIGR, FEVHE Y
40T /345 barolA ©O|TRAZ 4AT TG F&3MHEA u 30&cich ANEE
H3ste] A 242 Belsey dAs Fystach

<

flo

flo
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Table 3. Fatty acid compositions{mol%) of AMF and its SC-CO:; fractions
obtained at 50T /241 bar

Fractions AMF El E2 E3 R
Extraction
0 1 2 3 3
time{min)

C4:0 7.3 14.6 10.6 10.7 5.3
C6:0 3.7 5.9 4.3 4.2 2.3
C8:0 2.0 3.1 2.1 2.1 1.4
C10:0 4.4 5.8 4.0 4.0 3.0
Cl12:0 4.7 5.0 4.5 4.0 3.7
C14:0 12.7 3.0 13.0 12.1 11.7
C16:0 27.6 25.3 29.0 27.7 28.1
C16:1 1.6 1.2 1.8 1.6 1.8
C18:0 10.8 10.7 9.36 10.0 12.9
C18:1 22.2 22.1 18.9 20.9 26.2
C18:2 2.4 2.7 2.0 2.2 2.8
C18:3 0.6 0.5 0.5 0.5 0.7
C4-C8 12.9 23.6 17.0 16.9 9.0
C10-C12 9.1 10.8 8.4 8.0 6.7
C14-C18 78.0 65.6 74.5 75.0 84.3
Unsaturated 26.8 26.6 23.2 25.2 31.6
Saturated 51.2 39.0 51.3 49.8 52.7
Unsat/Sat 0.52 0.68 0.45 0. 51 0. 60

7h ojatgvte 4M[Po] WE FEE] FETVREY oA FE4E

RAEd(Fig. 3), ol F2AZo] WE oluir sujze] e
extract loadingo] Z7}8}gl7] wBolth. ey 2242
23480 AN pasidid, o 23276 AP
gol 2ol Wy wWEoluh olay HAWE s
gxsteitt. YW 22270o] lag phasert 2
APz Astold 23286l 27)o] o] YUY ol A

ofn
N
——r
2
&
i

i
2
™
£
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Table 4. Fatty acid compositions(mol%) of AMF and its SC-00; fractions
obtained at 60T /241 bar

Fractions AMF El E2 E3 R
Extraction
0 1 2 3 3
time(min)

C4:0 7.3 11.5 14.9 10.6 5.3
C6:0 3.7 4.8 5.7 5.1 2.5
C8:0 2.0 2.3 2.7 2.5 1.5
C10:0 4.4 4.4 5.1 4.6 3.6
C12:0 4.7 4.8 4.2 4.4 4.2
C14:0 12.7 13.3 9.71 11.9 12.2
C16:0 27.6 27.3 25.5 27.5 27.7
Cl16:1 1.6 1.5 1.2 1.3 1.7
C18:0 10.8 8.81 9.31 9.60 12.1
C18:1 22.2 18.4 19.2 19.8 25.8
C18:2 2.4 2.2 2.1 2.2 3.0
C18:3 0.6 0.5 0.4 0.4 0.4
C4-C8 12.9 18.7 23.3 18.2 9.4
C10-C12 9.1 9.3 9.3 9.0 7.7
C14-C18 78.0 72.0 67.4 72.8 82.9
Unsaturated 26.8 22.6 22.9 23.7 30.9
Saturated 51.2 49 4 44,5 49.0 52.1
Unsat/Sat 0.52 0. 46 0.51 0.48 0.59

&Y 7187 gol wEHAY wiEolrh. 2UA ojuwriLo iy
B4 fx1we] extract loadinge 40T /241 bar(WXE: 0.873 g/em’)oll A
0.645% gith. dTA FEAN FoFAYS 41.2:58.89] F A2
F283 F2IREEZ ZYHUTL oA F2oxH FBE extract
loading® 60TC/241 bar('WE: 0.775 g/cn’)ojA 0.686% 43,
F2 2752 extract loading® 40C/345 bar(WE: 0.933 g/cm’)oil A

0.847% <ct}.
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Fig. 3. Extraction curves of AMF at 40T /241 bar, of an extract at
60°C /241 bar, and of a residue at 40T /345 bar by SC-COs.



Y59 gt =24

A

U, fA% 283 FEVRE

Fig. 48 5& €A F&olA dojd F2EH FEVREZTH
olktA F&ZoN ol F2EN FE2VREEY A 24E Uehl2
olth. olktAl FZojx P2EL 2x FA(EE)S A 2N
FA¢  g¥elN  HBigch. Y FE2LEE  60CE Y
RFAYAELS BRE BY(ER)Y sFAF 2 Axsgct. opAsiAE
2227582 23 F2(RE)L dUA 234 FUY 2xAd 40THHA
oAt 229 & 345 barE wo] AFAWAES BHFE £Y(RR)I
E&A7182 stdch. ol 2 YA olixtio] ¥ fAWe EYLS
Aol BT Aolo 2|5t o] FolA]7] wWEe] It 3tcl.

F2E9 325 FYES(EE!-EE4)S Fig. 4(a)oA Reuiel 2ol

N ZR|ato] AlgE] &EHodx, wdE  2EAFEY FE2E
EYE5(RE2-RE4)2 2 FAPiteg RBrp ol HHHALTE ¢ F
gleitt. 3289 F25 EYS(EE'-EE4)oAMY AFAYAAES

-~

Y=} vzste] 8 of 150-200% &=tk EElolAN AFA g

FEE YERAYY 20 dEd, oA A} oA F syt
AFAgaAd S ujyct. FEVHFEY F2EF TYS(RE2-RR)ONA
LFAYA L UERAYS vadte] B of 118-141% Ath oA

228 UuA 223 wasie & W AF, 33 AVLE
2¥oz wr} gol o|FsAD, LIAYAES FEE ¥Yo= ur}
gol o] 55 glth.

7 EYEol ojM Esieh BES AUNEY 24
Uehd 3 gtk JstAl 223 vlastd & o ouA F2eld F2E9

+2E EYE(EE-EEf)dls 2 FEHG  EXHAPASC] Yol
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zZAsign, WE FERFEY 328 FYE(RE2Red)2 2JFEEY
Aatgo] wrh @ol w&HAT EEXHAWUES FE F& ¥
EYE3 BFE Y5 HFHU FEIFEY FEUHS
BEY(RR)OIAN EXAgazt zaAx3ate] v &2 SR Yol w3t
131 s&sdch. ety 2UA ojueiA: FaRAWe] FEoA
s Brie F2 Exi3ze sty AMAES EAUE ¢ F
ot A2 YA F&o] vlstd oA FEI FF AW £
gdold Brl 53H £Y¥&5& €& 4 Adch
th. &A% wWE FAY FE2EH FE2ARE 2YE] EYHH
44

ojgtAl & AlBFol 3 ol F2EHR FEIVFE EYE4
Ba2ety E4g Table 5,60] Uehfdrh =32 21.8~43.1TEA
Byto] 21.3C xol& BoAFa Utk o 69.1%2 FHo] YE
B4AYRT e 2N %2& o 4 ook Ay EEXHEE
UeEhs 2057t 21.6~36.98 33375 £YoA U EATH
el F st AYJtE 221~2552 RZE EYolAH kiUrt =3 A
A2} Alolole H& ABAJAGZ RIAY, HE=HA 2071 Aol
AnBASE el 32AFEY S 20=ske AW 24
dolelg ¥ mw RFEIUAYPAEo] wWol UFH ke A
gdxstget. 28y oloE B3%a FE2AFEY ol wrie A2
RZE3APALE O] Yol ¥R 7] wiFEolr}.

ol2} ol B, AUH Aol tlE o el /AW EYEE
BEasieed §x%e o]gg IR £ U2 EE £ Ful,
o, zALE 2= o 7R FAEE A2Y + AUk & AF,

FZA Aol &Fo A YL oo}, HPE AL A EE o4
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Table 5. Selected physico-chemical properties of the fractions
obtained in two-stage extraction from an extract at
60°C /241 bar

Fractions Fat yield Melting point lodine Saponification
(wt%) (TC) value value
AMF --- 37 31.0 242
TE 100 33 27.2 237
EE1 13.1 22 21.8 255
EE2 17.9 25 22.8 256
EE3 14.7 27 21.4 244
EE4 11.5 32 26.5 246
EES 12.2 33 30.3 236
ER 30.7 35 31.3 233

EE and ER: extract fractions and residue obtained in two-stage

extraction trial from an extract (TE) in one-stage-extraction trial

Table 6. Selected physico-chemical properties in the fractions
obtained in two-stage extraction from a residue at
40°C /345 bar

Fractions Fat yield Melting point lodine Saponification

(wt%) (T) value value

AMF - 37 31.0 242

TR 100 39 21.1 221

RE1 15.8 36 28.9 213

RE2 22.4 36 32.1 234

RE3 15.9 39 34.0 228

RE4 14.4 40 36.3 227

RR 31.5 43 36.9 221

RE and RR: extract fractions and residue obtained in two-stage

extraction trial from a residue(TR) in one-stage-extraction trial
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A 2 A ZYARA FEEe olg® AU

cholesterol A A

1. 34 F/e] 2 /ALY & ¢ FH2HE ¢

B -cyclodextrind F&qfolA F2e&2 LHYolE UGS Yo
AANUYES BEsIEE, o] del & ol &3t thrYd stold {2 HEHE
8 ZULAHES HAY 4 ded, o I AAY FYAHE of
3l H7}sl= B -cyclodextrin®] H|&o] UF &2 ©¢AS 7Ixlx Qr}
(Courregelonge and Maffrand, 1988: Oakenfull and Sidhu, 1991). E§
talce ZY2HE 3N Z HNelsiq FIF2 F9 2% ¥ g
B2Ug F2 AAsIE= ol &= AdL(Piffere et al., 1990) celite: 4
Aigeld FULeHE-ARY AHUYES FAsEe oz A Ut
(Sundfeld et al., 1993).

ol 8t Zol thrIgd el ZUAHE F2Asol AU Aoz gy
ol FARAE dYsle, nUelN ZALEE F2po] &2 T ¢
3 florisilz} vl R 3}7] 9i3le], £2325 40T, 32U 345 barol N &
A 20 g& FEZo] FYsR, FAMEA B-cyclodextrind 40 g,
talc, celite, florisil(100/200 mesh)2 2}Z} 20 g& J =20 231 ¥
22 - FHAINEA 342 5 of 30&0ict A BE st KAYY $&
2 2268 ¥F S FHSIATHTable 7). FX W] $£8 FAAE 8
-cyclodextrin, talc, celited BAAI AYF BT Kapstd 32 34
3 ¥ o 69xd Reg Bol FARAF FAAIIA U2 AIHTF(68.2%)2}
Hlaste] & of ol& FaAlol: Rl A FANA g Aog
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chslgich, WA florisild& $3AIY AEFE £2 AT F #AYY +
£o] nf$ WS HOog Ho} florisild FAIWE Wol Fste Zog
zheis] gict.

ARE ARY FrRAde Zd2HE ¥J2 251.6 ngrgolden,
ol§ 7|lEoE R2EYEEY Zd2HE UPe=HYH Zd2HE
AALE Astdo.  fAY EY¥EY  FH2HE  AAES
B -cyclodextrin, talc, celite?] Z$¢ 27| $&EddAE tl: A%OY
23428 Z7tel wel F¥As APy Zd2cHSE ¥l
YL E AALEL B4 ATt B-cyclodextrind F2 A7 60871 =
ok 20%2] Zd2eHE AALEE #ANAAN, talex 120274 20%
ole] FZY2HlE AALL EY WA, celiter & 30EZAE &
48%2] ¥ AALEL BAAY 2 olF JAI AastArt. =AA
B -cyclodextrin®] Z-$% Oakenfull®} Sidhu(1991)e] =] ujel ol
g ZHAHE AALL €I AL FAYl thstel FAA ¥}
Ul & & wojol € Aoz uHATh Talcd Z9E Z2HE AALZ]
oF 20% SFojA YAY HoF FAHHL Hl, o]l magnesium silicated]
B3Rl OH 2Fo] EEA o3t A= Wy ZHAHES
FRNL 4 g YA ZAHA dEd AeE FFHEC
(Pifferi et al., 1990). Celite?] ZA$E F&2Jo Zg2HE
Ao 48,852 &2 Ao T Hol ZH2HE AALES &ol7] HAMME
Aol ci FAel L AAY Bart AE e FP¥Ach
W florisil®] Z$ #AY EYEY ZH2HE HAAEES 9
ol oz 7R &atrhk, U fAWY £ES FE AT ¥ 36.1%2
the Ao o u FEET vj$ Worme 2 FA2HE HALS
SR FALe] £&& FuY £ A KAYA FAAY v ES

- 212 -



Table 7. Fat yield, cholesterol

cholesterol reduction of

concentration
milk

fat

and

percent

fractions

by

supercritical carbon dioxide with different adsorbents

at 407 /345 bar

traction time(min)

adsorbent 60 90 120 150 180 Total
8-Cyclo 0z used(g) 218 221 209 214 211 213 1286
- Fat yield(wt) 49 14.7 16,2 14.9 122 6.9 69.8
dextrin Chol. conc(mg/100 g) 178.5 202.8 226.7 248.6 264.2 256.3 232.4
(40:20)” (hol. reduction(%) -29.0 -19.3 -9.8 -1.1 +5.0 +1.8 -7.6
CO; used(g) 218 216 213 213 218 209 1,287

Talc Fat yield(wt%) 5.7 13.1 153 14.4 12.4 8.2 69.1
(20:20) Chol. conc(mg/100 g) 200.8 174.6 177.8 189.7 221.8 235.2 196.2
Chol. reduction(%) -20.1 -30.6 -29.3 -24.6 -11.8 -6.5 -22.0

C0; used(g) 216 214 211 216 216 216 1,289

Celite Fat yield(wt) 3.7 157 15.3 14.2 11.7 9.1 69.7
(20:20) Chol. conc(mg/100 g) 128.8 217.2 261.7 272.5 271.1 277.0 250.3
Chol. reduction(%) -48.8 -13.6 +4.0 +8.3 +7.7 +10.0 -0.5

C0; used(g) 211 214 200 230 202 218 1,275

Florisil Fat yield(wt%) -- -- 3.2 124 102 103 36.1
(20:20) Chol. conc(mg/100 g)  -- -- 147 155 129 -- 143
Chol. reduction(%) -- -- -941 -93.8 -94.8 -- -94.3

D The weight ratio of milk fat to adsorbent

A Yot qlrh. Lind} Rizvi(1996)= A54 ZFA 407T/241
bar® HAWE 2 BHAA 54~86%2 ZHAHSo AAH KXY

¥ & E4drh
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2. A gAtAso] e RAYY +& { Y2 E BY

Table 7] Zd2HE MAZ] /1% &2 A2E ¢ florisilo
Uiy F2A54S Wiy Hsld 232 40T, $&U4Y 276 barolA
FA% 20 g& F2  Fd, FHA2AM  florisild
QI A}327)4(30/60, 607100, 100/200 mesh)2 2z} 5 g8 F2ARo] 1Y
¥ 33 BAANGA A2 5 of 0F0ict A2E A3 AU
+&3 Zd2dHE ¥F¥E FPsdrHTable 8). FEAZ] =
SR 4£&2 30/602 60/100 meshe] AL o 68xF AL
fArstddeh, 2@y 100/200 meshe] A9 30/603 60/100 mesho}
vlasted B o &2 #AWY 48] HRIAdoYy F&
2AEEE tha #adtd 32 AT Fol: 64.8%Art. {AYH
florisil2] u|-&o] 20:208& uw=(Table 7) $&27|0] 338 Fx%ol
ZF Fysdxn 20:54 3 =(Table 8) $&27|olx FAW2] $8&0]
Aeg Rol, RALY £&& ¥ol7l HAMALE KWl oty
Ao v &S HAsE Aol vigtAsdct

2200 W 22E FYANY S2H28HE AALSS 22274
B U 32T Fe uhel HA3E ZAasdEd, ole £&A2Y
Z7tel uwhel EFaAsL gz ZH2HER TR USE BAFD
gltl. ZAAHE AALL 30/60 mesh7} 7% &oten, 1 e

e

5!

Hr
flo

100/200, 60/100 mesh o] ¢glt}.

dutd oz Fd FAAY FF 4x27E AEFF FHY AA
FEs & Beigol ¥ Ro® ¢3A glcH(Carrol, 1961). 23 &
Al¥o] A}L3 florisil(standard activation grade, H43% 2x:

650TC )2l ¥ 32 30/60, 60/100, 100/200 meshe] Z ¢ 2tz 2,54, 2.91,
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2.65 n’/gE 60/100 mesh7} 7} 32, 2 thZ 100/200, 30/60 mesh
#2002 UAtAVI EAA] BIBAI FUddeol. ol florisilo]
g Boln] SIH LxAJol et R dE FRY HYEH
WSIEE HzHo|, MHAitdold e 30/60 mesht, {71GLA Fofol
ti3] 4L 60/100 PR 5 F(pesticide residue analysis grade, ¥’43}
SE: 675T)o] bR HEAHA FHe2 Rop, YAAJ EHHE
Zeste KUY W4T ofUn], ¥EY 2o AT =Y FLY S

8}7] W Eolch(US Silica, 1997).

Table 8. Fat yield, cholesterol concentration and percent
cholesterol reduction of milk fat fractions by
supercritical carbon dioxide with different mesh size of
florisil at 40T /276 bar(the weight ratio of milk fat to

adsorbent is 20:5).

traction time(min)

90 120 150 180 210 240 Total
Mesh size
C0; used(g) 452 207 220 213 214 214 204 1724
30760 Fat yield(wt%) 80 11.0 16.4 8.8 9.4 8.2 6.8 68.6
/
Chol. conc(mg/100 g) 31.8 22.8 35.2 57.1 79.8 99.3 131.7 58.9
Chol. reduction(%) -87.3 -90.9 -86.0 -77.3 -68.2 -60.5 -47.6 -76.5
00; used(g) 426 213 209 205 205 196 191 1,645
Fat yield(wt%) 9.8 11.9 11.9 10.3 9.0 8.0 7.5 68.4
607100
Chol. conc(mg/100 g) 67.6 68.9 115. 4 169.4 191.2 226.3 244.3 145.6
Chol. reduction(%) -73.1 -72.6 54.1 -32.6 -24.0 -10.0 - 2.9 -42.1
00; used(g) 463 220 198 191 202 191 195 1,660
Fat yield(wts%) 11.3 11.7 10.8 9.3 7.8 7.2 6.7 64.8
100/200
Chol. conc(mg/100 g) 53.0 55.4 77.6 101.3 128.4 139.6 162.2 94.4
Chol. reduction(%) -78.9 -77.9 -69.1 -59.7 -48.9 -44.5 -35.5 -62.4

- 215 -



3. F2AL vl gol] W RFAYY £& W SHLHE ©F

fxwa FaA v go] RAYY &3} FH2HE AALZ
o2l 48e AESI Hstd, $FLE 40T, 54 276 baroliA
FAY 20 g 222 FYsta, FAAEA florisil 30/602 100/200
meshg 22} 10 g& F 2ol FAY ¥ 35 - FHAIEA A% 5
o 30&mict ARE ot KAYY F&} Zd2HE IS
ZAyslgdcHTable 9). $& 4A 7 F {2AWd +&2 30/603} 100/200
mesh®] ZH$ {2 FHAY ulgo] 20:58& uwi=(Table 8) zz
68.62 64.8%2 WA 20:10%& wi(Table 9) 22t 57.521 60.4x%
2220 2 KAWL £8&2 HasHEd, ol {AWol tidtd
FaA e v go] B&FF fAIYol FAA wWol FHEUAY wEolrh.
100/200 mesh?] Z-¢ JF2A vl & F7tel W& FAYY FF =&
30/60 wmeshol] u]3lo Tia FHAct

gy 288 AALS FAYA FAAY u]&o] 20:59& w=(Table
8) 22 Aol wel A Fo] 2 whd 20:108& wi:=(Table 9) F&
21027121 91% olAtoldirt. ol Hol R £E&E wolBA
FY2HE AALS Eol7 dAE AU F2AAY v &S 20:100]
st

Shishikura 5(1986)2 FAZ Ae7lAE& A&t 40T/300 barol
A AN 32 FAANAS o F2AW 20 goll chsiod AR E 60 g
A28 g W 480] 50%8 3, ZHLHE AA o] 945 HHE el
AL 20 g AHRBIEE W 48o] 80%xd 2, EAAHE A ALo] 68xZtTt
2 23astdct % Kwon3} Chao(1996)% 2718 & 40T/345 baroly 2

stod florisilg BAAN At 271 Eol thste] F A v o] F7HY
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$+5 HIEY &2 LAY EY2HE AALS wAon, #H7
& 100 gol chsto] florisil& 200 g 3AANY P} Y2 EF 59% A
Ag 4 iz Basigct. o2 Rol A go] diste] AHEHE F33A
o] v &o] o FYAHE AL S U, AYY +&2 2y

the A

& ¢ 5 Adgrh

Table 9. Fat yield, cholesterol concentration and percent
cholesterol reduction of milk fat fractions by
supercritical carbon dioxide at 40T /276 bar(the weight
ratio of milk fat to adsorbent is 20:10).

traction time(min)
Mosh size 90 120 150 180 210 240 Total
00; used(g) 445 218 207 207 213 204 184 1678
Fat yield(wt%) 4.7 9.0 102 9.9 9.1 8.0 6.6 57.5
30760 Chol. conc(mg/100 g) 71.2 18,0 9.6 12.1 156 21.6 27.4 21.0
Chol. reduction(%) -71.6 -92.8 -96.1 -95.1 -93.7 -91.3 -83.0 -91.6
0, used(g) 470 227 218 200 205 196 196 1,712
100/200 Fat yield(wt%) 8.4 1.0 106 95 75 69 65 604
Chol. conc(mg/100 g) 6.9 11.6 8.3 124 181 143 458 152
Chol. reduction(%) -97.2 -95.3 -96.7 -95.0 -92.8 -94.3 -81.7 -93.9
4. 2@t =4

FE2E 40T, FEUY 276 barodlAd HFAY

20 g& FER4

Z95l, FAAHSAM florisil 100/200 mesh 10 g& FX o] 233 ¥
F& - FHAIIEA 442 5 o 302nict ARE 39 FEEYEY
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xuhat ZH S SAstArH(Table 10). AZAWAIEL 27 =328

Y& &AL, AFAPAES FE2VFE Yol v3Ho, €=

Bl 27 wfEolth(Chrastil, 1982). ojAe] AT HE RYARA 22
3 FAYPYL FAYez Ve FHAHES AASE Ao e - 334y
B8l ttE BY F AIFAYAo]l 3 £Y, EIZYXPAl] H2H
Y §% €& & UASE B4 Fa dUrh

F2A ol F4E Fa268 8L cldolMEolE, YAk, ofstZof 23to ¥
T8 £ Jded(Lin, 1992), FA2HES WA gaidely TEE, 2
HlZole, Hletwl D A X JELE o]&HI AL v, @A {FAYUF LS
EXH ZLHEC] 38 £YE €& & Anid, #2% A 713
Roh o &2 7t3og ninjd £ glon, AALE BHY A3 S22
&o| 90% AAY FALE ARstedolE $0.15~0.20/1b0] of 209 A

¢

i

22 ofZsl31 Qlti(Bradley, 1989). Chidambara £(1993)2 d 7t 240 =
= 800 B2 23 71 Ao YA ojrtetL e FAY S £
W kg & $0.77 &= 0.342] s1guj 8ol  £89 Folelx rRIEATE
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Table 10. Fatty acid composition of SC-CQ; fractions from anhydrous
milk fat passed through 100/200 mesh of florisil at 40T
/276 bar.

Fractions Feed FE2' E3 E4 ES E6 E7 E8 R

Extraction

. - 60 30 120 150 180 210 240 ---

time(min)

00; used
(&) --- 470 227 218 200 205 196 196 ---

Fat yield
100 8.4 11.0 10.6 9.5 7.5 6.9 6.5 39.6

(wt%)

C4:0 3.7 4.4 6.1 4.9 5.0 4.0 3.4 2.9 1.2
C6:0 1.9 2.9 3.1 2.6 2.5 2.5 2.3 2.1 1.1
C8:0 1.3 2.0 2.0 1.6 1.6 1.5 1.4 1.3 0.8
C10:0 3.0 4.4 4.3 3.8 3.5 3.4 3.3 3.2 2.1
C12:9 3.5 4.8 4.7 4.3 4.0 3.9 3.8 3.6 2.7
C14:0 11.2 131 13.2 12.7 12.1 11.9 11.7 11.4 9.6
Cl6:0 29.3 28.9 29.5 30.1 300 300 29.8 29.9 28.5
Cl6:1 1.5 1.6 1.5 1.5 1.5 1.5 1.6 1.5 1.5
C18:0 13.1 10.2 9.7 108 11.7 120 12.2 129 15.7
C18:1 27.4 24.0 22.2 24.0 24.4 256 265 27.2 32.4
C18:2 3.2 2.9 2.8 2.9 2.9 3.0 3.1 3.2 3.6
C18:3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3
c4-C8 6.9 9.3 11.2 9.1 9.1 8.0 7.1 6.3 3.1
C10-C12 6.5 9.2 9.0 8.1 7.5 7.3 7.1 6.8 4.8
C14-C18 86.6 81.5 79.8 828 83.4 847 858 869 921
unsat 33.0 29.3 27.4 29.2 29.6 30.8 32.1 32.7 383
sat 53.6 52,2 524 53.6 53.8 53.9 53.7 542 538
unsat/sat 0.61 0.5 0.52 0.54 055 057 05 060 071

D Extract, %} Residue
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Table 6. $-f % #AME2] A &4

43 Flavor taste™ Body&Texture’  ApperanceiColor ° Total Score

Al 1 6.4 3.1 3.8 13.3
2 6.6 3.3 3.7 13.6
3 6.4 3.2 3.8 13.4
4 6.2 3.1 3.9 13.2
ayg1 5.7 3.9 4.0 13.6
2 5.9 4.1 3.9 13.9
3 6.1 3.9 3.8 13.8
4 5.4 3.9 4.0 13.3
e 1 6.3 4.0 3.0 13.3
2 6.2 3.9 2.9 13.0
3 6.4 3.7 3.0 13.1
4 6.3 3.8 3.1 13.2
2 S5AZAA (1 : o} vpmr) 2 :njmch 3 : BFolrk 4 : Frlh
5 : off &t}
35 GAAA (1 1 & At 2 ughs] gl 3 : RFoe Hr}
4 ¢ <7 Hr} 5: A& HAx Ytlh
6: gt k.  7: BFEoE yrt

8 : cfcts] b 9 : 22 Fx})

Table 72 olo]2ag 3} WEle] E4& 5733171 31l Fhepneter§ ol &
8} 2z} A2} hardness, cohesiveness, elasticity $& &AL AAZE A8
2te] felA 2ozt glol KA 4217 Usith



Table. 7 oloj2AY WEle B¢ &F

Al & Hardness Cohesiveness Elasticity

ofojAAY 1 155 0.31 0.38
2 154 0.32 0.44

3 156 0.30 0.42

4 154 0.28 0.40

5 158 0.33 0.39

¥ E 1 1.03 0.22 0.34
2 1.02 0.25 0.39

3 0.93 0.26 0.37

4 1.00 0.26 0.35

5 0.97 0.24 0.35

U9 203 A 24 B3l $7 2 FASY BHAE SHA
L2 QAR A3}, Aol E sample D, I oA & sample A, ofo] AT oA
L sample C, WE|olA= sample B, XZo)ML sample A7} 71 w2 A+E
Liehigick(Table. 8).

Table 8. 53 kg B¢ $& 4 FAFEL FeA

Samples
Al = A B c D
Al & 3.20+0. 40 3.20+0.40 3.20%0.40 3.50+0.50
a g 3.95+0.59 3.75+0.54 3.65%0.48 -
olojAA7 3.15%0.36 3.30+0.46 3.50%0.50 3.25+0.45
W 3.70+0.41 4.15+0.48 3.80%0.50 -
X 2 3.45%0.50 3.30+0.46 3.30+0.46 -

2 o] PP FIUH 2039 FeAr ado] HAR Y FIY.
w2 SHZAA} (1 : o}& vk 2 : Umrl, 3 : B¥o|ty, 4 : FrlL
5 : ofF ijmch)



ofojATgle] o] AlRofA A% 224l A2}, hardness= sample D,
cohesiveness= sample D, elasticitys= sample B2} E7} 71% %2 A48 Y

Eluix]ut ]2l 2ol floTtHTable 9).

Table 9. olo]AaY e EAHAA}

Samples
Texture A B C

Hardness 155.3311.53" 155.67+2.08" 153.67+12.08° 156.33+2.08" 153.336.43"
Cohesiveness 0.1310.02° 0.1410.05° 0.1210.02° 0.16+0.27° 0.1310.25"
Elasticity 155.33t1,53" 155.6712.08" 153.6712.08" 156.3312.08" 153.3316.43"

% Means with three replicated trials
a~c : Means with different supercripts differ at each row(P<0.05)

MEle] o2 AlRolA AAY ZHZALe] 3, hardnesssi sample D,

cohesivenessi= sample D, elasticity: sample B7} %2 $-2|& YElA]

7t 218 ol gAtHTable 10).

Table 10. WE]S] B4 P4}

Samples
C D

Texture A B

Hardness 0.99+0.09" 0.98+0.10° 0.94+0.07 1.05*+0.17"
Cohesiveness 0.2410.04* 0.25+0.03° 0.26+0.03° 0.26+0.04°

Elasticity  0.36%0.04®  0.38+0.05° 0.37+0.06° 0.37+0.07"

% Means with three replicated trials
a~c : Means with different supercripts differ at each row(P<0.05)



At ze] ARl ARy ZAFAL] Z2, bardnesss= sample E,
cohesiveness:= sample E, elasticity+= sample A7} ¥ Vel §2]

3 xloji= ¢%icH(Table 11).

Table 11. A28 F8AHAL

les
Texture A B C D

Hardness 1.25+0.11° 1.34+0.09° 1.37+0.05>° 1.48+0. 08"
Cohesiveness 0.2410.04> 0.23+0.04°  0.2210.05" 0.21+0. 05
Elasticity 0.38+0.06° 0.35%0.07° 0.35+0.06* 0.3310.05°

* Means with three replicated trials
a~c : Means with different supercripts differ at each row(P<0.05)

2. gd2dE°] AAL A HEY AY

cholesterol & HAY AP HEFARFYL Fig. oM}t ch o
ZRE AMEE, 20% FxWo] YHH YL 0T FEE 72T F 10%
9] B-cyclodextring M7}sio] 100rpmolld 208 = =Wgict 1 ¥ 3
YR 0CLET YL Feishd Ay} cholesterolo] #-{-H
HHo| Felfith 223 EldE 33 £ I oy wHEEe3lo 36x2
Sl $HaE AYL deth T ¥ AR, BBl ololaad, Y
a2y, HeY Yge AHgRict
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e HAZE] WAdst: e veiwtcl,  Az|¥ Ay e <t &
glo] t3tg oL} ofolA3aY, HYAF, HEL HIE=2 A3l HY
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