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Summary

This study was designed to develop cholesterol lowering functional dairy
products such as milk, yogurt, Cheddar cheese and butter, to examine the
sensory and chemical properties in cholesterol-reduced dairy products and to
prove lowering cholesterol by animal test. The materials applied were
polyglycerol monostearate and medium-chain triacylglycerol as coating
material chitooligosaccharide, isoflavone, phytosterol, and evening primrose oil
containing gamma linolenic acid as cholesterol lowering material.
Cholesterol-reduced dairy products were made by [I-cyclodextrin treatment,
which was indicated in our previous studies.

First two experiments were appplied the microencapsulation technique to
apply the lowering cholesterol materials into milk such as chitooligosaccharide
and isoflavone. The objectives of the first study was to develop
microencapsulated chitooligosaccharide containing cholesterol-reduced milk, to
examine the changes of physical and sensory properties during storage, and
to observe for lowering blood cholesterol in rats. Coating material was
polyglycerol monostearate (PGMS), and the efficiency of microencapsulation
was 88.08% with 10:1 ratio (w/w) as coating to core materials. When even
0.5% microencapsulated chitooligosaccaride was added, the L, a, b-values and
viscosity were significantly different from that of control (uncapsulated
chitooligosaccharide added). In stability measurement of microcapsules, the
releases of chitooligosaccharide were 1.33 and 1.25% in distilled water and
cholesterol-reduced milk for 15 day storage at 4C, respectively. In a sensory
analysis, the values of astringency, bitterness, and color were significantly
different between control and encapsulated chitooligosaccharide-added

cholesterol-reduced milk for 7 days of storage. Blood HDL-cholesterol



increased significantly in chitooligosaccharide added cholesterol-reduced
milk-fed group, compared to that in commercial milk-fed control group. This
result showed the possible application into milk, and HDL improving effect of
microencapsulated chitooligosaccharide.

Similarly, second experiment was investigated the effect of
microencapsulated isoflavone into milk wusing microencapsulation. Coating
material was medium-chain triacylglycerol (MCT) and core material was
water—soluble isoflavone. The microencapsulation efficiency was 70.2% when
the ratio of coating material to core material was 15:1. The isoflavone release
increased slowly at 3 day (8%) and plateaued thereafter when stored at 4T
milk. The scores of bitterness, astringency, and off-taste in capsulated
water-soluble isoflavone added milk were slight different from those in
uncapsulated isoflavone added milk, but not significantly different. In vitro
study, microcapsuales of water—soluble isoflavone in simulated gastric fluid at
the range of 2 to 5 pHs were released 4.0-9.3%, however, in simulated
intestinal fluid at pH 8, 87.6% of isoflavone was released from capsules at 40
min incubation time. Total cholesterol in blood was significantly higher in
isoflavone—added cholesterol-reduced milk than that in control. No difference
was found in blood HDL concentration. Therefore, this study indicated that
MCT as a coating material was acceptable for the microencapsulation of
water-soluble isoflavone, and little adverse effect was found in
isoflavone—fortified milk in sensory attributes.

Next four experiments were focused on the effect of cholesterol lowering
materials to apply dairy products without microencapsulation whether those
materials were effective or not. Among them, one study used phytosterol and
other three used evening primrose oil (EPO) containing 9% gamma-linolenic
acid to apply.

Third study was carried out to investigate the effect of phytosterol ester



addition on lowering blood cholesterol in cholesterol-reduced Cheddar cheese,
which was manufactured by the mixture of cholesterol-reduced cream and
skim milk. After the cholesterol reduction process by [-CD treatment, the
cholesterol removal rate was in the range of 91.2 to 92.1%. Amount of
short-chain free fatty acid and free amino acids increased with an increase of
phytosterol ester, and those were significantly different from that of control in
all ripening periods. All rheological properties also increased with an increase
of phytosterol ester during ripening period. In sensory analysis, the scores of
rancid, bitterness, Cheddar flavor and off-flavor intensities increased
significantly, while texture was decreased during ripening in phytosterol
ester—added groups. In animal study, 18% of total blood cholesterol was
lowered in 8% phytosterol ester-added Cheddar cheese, which was
significantly different from that of control. This study indicated that
phytosterol ester addition showed a profound lowering effect of blood with
cholesterol-reduced Cheddar cheese.

In fourth, addition of EPO into cholesterol-reduced yogurt was examined
in terms of physico-chemical and sensory characteristics, and cholesterol
lowering effect in blood. There was no significant difference in pH and
titratable acidity between control and EPO added groups in every storage
intervals. As expected, TBA values increased with the higher amount of EPO
addition and with longer period of storage. The production of total
short—-chain fatty acids dramatically increased with an increase of EPO
addition and a longer storage period. In sensory analysis, most characteristics
were significantly different between control and EPO-added groups, especially
6, 8, and 10% even from 0 day storage. For cholesterol lowering effect, the
increase rate of total blood cholesterol was significantly lower in 10%
EPO-added and cholesterol-reduced yogurt for 16 week feeding. The change
of blood total cholesterol was 57.7 mg/dL and 39.2 mg/dL in control and EPO



added group, respectively. These results indicated that EPO addition showed
an effective cholesterol lowering effect with little adverse effect in sensory
characteristics.

Subsequently, the effect of EPO addition was examinedin Cheddar cheese
stored in 8 weeks for experimental cheese and 32 weeks for control. TBA
value was higher in all cholesterol-reduced Cheddar cheeses, regardless of
EPO addition, compared with that in control. The production of short-chain
fattyacids increased in EPO-added groups, especially in 3 and 5% from 6
week storage and thereafter. In EPO-added groups, hardness and gumminess
decreased, whereas elasticity, cohesiveness, and chewiness increased,
compared with that in control. Among sensory properties, rancid and overall
preference values were the most adversely affected by 5% EPO addition
during storage. In blood analysis, no difference was found in total cholesterol
and high-density lipoprotein, but triacylglyceride decreased significantly in 5%
EPO-added group compared with that in control. This study provided the
possibility of EPO-added Cheddar cheese with little adverse effect in sensory
properties.

Finally, the effect of EPO added in cholesterolreduced butter was
examined. When 2% EPO was added, yield was higher compared with that of
control, which was not added and [-CD treated. Acid value was highest in
2% EPOadded cholesterol-reduced butter even in initial period (0 week) and
thereafter. Except for elasticity, not much difference was found in all textural
properties among treatments, which increased with storage period.
Cholesterol-reduced butter without EPO addition showed the highest value in
elasticity. In sensory analysis, color, bitterness and greasiness scores were
significantly higher in cholesterol-reduced and EPO-added butter, compared
with others throughout the storage periods. Therefore, overall preference score

was significantly higher in cholesterol-reduced and EPO added group. This is



the first evidence for the possibility of EPO addition in butter, even though
some sensory properties affected adversely when EPO was added. Blood total
cholesterol was not significantly different, but the increase rate was lower in
2% EPO-added and cholesterol-reduced butter after 6 week feeding, indicating
the cholesterol lowering tendency of EPO.

Based on above results, we may conclude that it provided the possibility of
the functional dairy product manufacture in industry. The cholesterol lowering
effect was appeared in applied dairy products such as chitooligosaccharide,
isoflavone, phytosterol and EPO. However, we proposed that some adverse

effects in sensory properties should be improved in further studies.

_‘IO_



Contents

The development of milk and dairy products with reducing

blood cholesterol effect

Chapter 1 Introduction ........................................................................................ 25
Chapter 2 Materials and Method ..................................................................... 28

Section 1. Development of improving HDL cholesterol-reduced milk by

chitooligosacccharide microencapsulation ««««t«seeeeseeesseeseeeens 28

1. Materials and reagents ............................................................................... 28
1) Core and Coating materials ..................................................................... 28

2) Reagents and instruments ....................................................................... 28

2 Method ............................................................................................................. 28
1 ) Microenc ap Sulation ..................................................................................... 28

2) Animal study for cholesterol reducing effect of chitooligosaccharide

............................................................................................................... 36
1. Materials and Teagents « e 36
1) Core and coating materials -+ - wseeesseremssremssrimisssissssisssssssins 36
2) Reagents and iSHEUMENL wwwswwssressrsmsmmserimssimssissss s 36
D IIELHOU ++eeeserrrermseserssssssesesssss ettt et a bbb 37
1) MiCTOENCAPSULALION +vvvrrerssrerssemssemssemmsssamssrasssasssanssessscnssssisssss s 37
2) Efficiency of microencapSulation - - e 40
3) HPLC IMEASUTFEITIENLE #++eereseseesessessssessssssmnsssmssssssssssssssstassssssssssssssssssssses 40

_‘I‘I_



4) Sensory analysis ........................................................................................ 42
5) Stablhty Of CapSUleS .................................................................................. 42

6) Animal study for cholesterol reducing effect of isoflavone - 43

Section 3. Development of reducing blood cholesterol Cheddar cheese by

PhytoSterol addition s wwssressermmssimssimisissinississsseas 46
1. Materials and reagents s 46
1) ELSTETITICAtION w+reereererreseereeresseseessestsstssissitisti st 46
2) Butter and Cheddar CheEse s sressrssmsmsssstssisistisisissssssssssssesesees 46
3) CHOLESTETOl TEMOVAL wererrereesreseessessmssessesssssesssisssssessassissassissssssssssssssssssssnens 46
D IMIELHOU ++eeeserrrrerrsesersessrsesesstisie sttt 46
1) MILK EFEALITIEIIE #+ereseresesressesessessessmssstssissistisissis st 46
2) MANUFACLUTE Of DULLET w++rresreereereseeressesssssessmssmsnmssessississisessassesssssesessseseens 47
3) Manufacture of Cheddar Cheese ettt 48
A) MK At wereeresreseesessessesssseessssssstsstssi sttt 49
5) Chemical COMPOSIION - wwsswessressressrmmssremssimsssensssasessssesssensscnsseneas 49
B) ACIA VALLE werereeresrereeressessesemseistists sttt 50
7) PErOXIAe VAIUE weeseeresresesresseressessssisssnitsstisistisissistssi s ssssaes 50
8) Thiobarbeturic acid (TBA) wwweeeeereereerseressrerssssssssssssessessasasissessssseseens 51
9) Measurement Of CHOIESTEIO] « s wseresreerressmstssmssistssmtisieistisisssesssssseeses 51
10) Short-chain free fatty acids (SFFAS) -, 59
11) Neutral volatile COMPOUNAS s wwsseessressemsseemsseemseemssemssimssenssesseeans. 53
12) Free Amineg aCids « s eeresreeeressmssrmeintismsintssistismssissssissssss s 54
13) Rheological analysis s wsremsremsmmssmmssisisimisissssssisin e 55
14) SENSOry ANALYSIS wwewseeessremssssmssssmsssissssissssssss s ssssons 56

Section 4. Development of reducing blood cholesterol yogurt by

eVening primrose 011 ....................................................................... 5’7

_12_



1. Materials and reagents ................................................................................. 5’7

1) EVENing PriMmrose Ol s wseesseesseesssesssesissssisimissise s 57
0) REAGEILS +++rveveerssersssssmsssmssssisssisssissssissssisssisss s s s ass s 57
D NIEHROU ++weeereeesesrsessssmssssssesstssss st 57
1) MILK At eeeeereereseeessesessessmsssnissiti sttt 57
D) CHOLESEETO] TEIMIOVAL w++#eseresresesressersssesssntssssssinsistisistisississssissisesssssssssssenens 58
3) Manufactre Of YOGUIL - wesssreemsrremsssmsmsssssmsisiisisssisississssssnssneaes 58
4) Titatable acidity and pEH -, 59
5) Thiobarbeturic acid (TBA) «eeseeerressessesistismeissistinississisissssississsessaes 59
6) Measurement Of ChOIESHEIO] s wsrsrererrerresmsrssessississis s sessseseeees 59
7) VICTODIAL COUNLS ++++erereerereenessessmnssssssmsssstssissists sttt 60
8) VASCOSILY w++evesserssseemssssmssssmnssmmsissmsssisssisissssissssisss s s ssass s sassssssssssssnns 61
9) Free fatty acids e ssness 61
10) SENSOIY ANALYSIS «+rvreresressersssssssssssssssssssssssssss sttt 62

11) Animal study for cholesterol reducing effect of evening primrose

Section 5. Development of reducing blood cholesterol Cheddar cheese

by evening primrose O wreeemererrmmmnnn e 65
1. Materials and method e 65
1) Materials and reagents ............................................................................. 65
D IVLETOE wreerreeermmemrreee ettt 65
1) ALK treatment soeeeeseeeeeesserreererrmretittintti ittt sttt s et seeees 65
2) Manufacture of Cheddar cheese - e, 66
3) DVILLIR QL reveeeemerrerereereemmmnn e 67
4) Chemical composition ................................................................................ 67
5) Thiobarbeturic acid (TBA) ..................................................................... 67
6) Measurement Of ChOLlESEETQ] «rereresssrrrrrrrmmmmrrrmritiii 67

_13_



7) Free fatty aCidS .......................................................................................... 68
8) Rheological analySiS .................................................................................. 69
9) Sensory analysis ........................................................................................ ’70

10) Animal study for cholesterol reducing effect of evening primrose

Section 6. Development of reducing blood cholesterol butter by

GaAmMMA-TINOLENIC ACIA ++errrereresrerrsrerserersrssrensesessessrersssossssesnsssonsssese 73
1. Materials and FEAgents « s wwseressemmsssimsssisisiissiisssisss e 73
1) IVLALEEIALS #+esreeseesseessesseessesssessnsssesssssssessesssss s 73
D IMIEEROU ++ereesresesssmssssmsessss e 73
1) MANULACEUTE Of DULLET #++reeresreeressessessessesssssssssssssssssssesssisessssssssssssisssssssssnes 73
D) MMILK FAL #eeereesessesssessesssessssssesssessssssess sttt 74
3) Chemical COMPOSILION «wwwsseesssremsssssmmsssimssimssssisissims e 74
A) ACIA VALUE w++errereeseessessessessssssssssssssssssssssssis st 74
5) Thiobarbituric acid (TBA) «weeseeerrssemssssesssssnssseisssssississsssssssssssseenns 75
6) Measurement Of CHOLESTEIO] s wsrwsressessessrssessmssmsusisissississississsssessasnenes 75
7) Rheological analysis - e 77
8) SENSOTY ANALYSIS «++reressererssssreomssseremmsssiamssssinssessassss s 77

9) Animal study for cholesterol reducing effect of ¥-linolenic acid

Chapter 3 ReSUltS ................................................................................................. 80

Section 1. Development of improving HDL cholesterol-reduced milk by

chitooligosacccharide microencapsulation «««s«sssseeeesseessneeenn 80
1' The efﬁciel’lcy Of microencapsultion ....................................................... 80
2- MiCl‘OSCOpiC Observation .............................................................................. 81

_14_



3. Physical properties ....................................................................................... 81

1) VASCOSILY w+errerssserssssessssssssnssssinisssisssssississsinssssisssssssssssisssssssnssssisssssssssssssnssoss 81
D) COLOT ++resessesseseessssssssssssssesss s ]3
4. Stability of MICTOCAPSUIES wwwrrreersssreemssssreomsssrrsmmssssimsssssimissensssssonesssenes 84
5. Change of MICrObIal COUNLS wwerssrerssremmssmmmsssimssisssssisissinsssesss s ]7
B. SENSOIY ANALYSIS «wererereerssremsssremssmemssssiimissimisins s {8
7. AHMAl STy -oreresrsssrssssssmsimisssminssssissssssims st ssssssssiss 91

Section 2. Development of water—soluble isoflavone microencapsulation

............................................................................................................... 94
1. Coating material ............................................................................................ 94
2' Optlmum Conditions ..................................................................................... 96
1) ’I‘he ratio Of core to Coating materials ................................................ 96
2) AmountS Of dlStlHed WWALET vrreerreerreeremssrmseenstuntitttiittttittintinttetantaes 98
3' Stablhty Of miCrocapsuleS during Storage ............................................. 99
4, SENSOTY ANALYSIS wwrreesseereeerssssssseemmmsmmsseeemisssassssmmssssi s seesssssss s 100
5. Satblhty Of microcapsules .......................................................................... 102
1) Microcapsule stability in simulated—gastric fluid - 102
2) Microcapsule stability in simulated-intestinal fluid «-wweesseeeereereeees 104
6. Animal Study ................................................................................................. 105

Section 3. Development of reducing blood cholesterol Cheddar cheese by

DRYEOSEEOl AILION -+ rreressssseeeessssssseremsssmneriniissscseeisise s 108
1. ESEEIFICALION «wrrerreerersesrermssemmmessessssss s essssssnssnssnans 108
2. Cholesterol removal rate and chemical cOmMpPOSItION «+-eeweeeereeserseeneess 108
3. Change Of TBA w s 109
4. Production of short-chain fatty acids - s 110
5. Production of neutral volatile COMPOUNCS «sseersssseressssesesssneseeesnas 112

_15_



6. PrOdUCtiOﬂ Of free amino aCidS ................................................................ 114
7. Rheological CharaCteriStiCS ......................................................................... 117

8' Sel’lsory eValuatiOl’l ....................................................................................... 119

Section 4. Development of reducing blood cholesterol yogurt by

EVENING PIMIOSE Ofl ++rrereessssseresssssseeemsssmsienisisssseesssessseessse 121
1. Cholesterol removal rate and production of ¥-linolenic acid - 121
D, PEL +os+esessssseosssnsssosunssis st s st b b L S 500 121
3. THratable ACIHLY - eerersmssreeressmssecrrssmssermassmssesmassassessssmassssssssmsssssrssmasss 121
4, Change Of TBA «wsesesmsstssssssisososssnissssonsssstsissssssisssssissessssssssssssssssssss 123
B, VASCOSILY weseressessssosssnssssssssorsssssnsstosssssisssssmoss st st b s S 01000 195
6. Viable MICIODIAL COUNLS rrsrerrsrsesesmssemsessssssssssssssssssssssssssssssssssssas e sanes 196
7. Production of free fatty ACidls - srwsssrremmssrmmmssrsemmsssensssssenssssssenes 127
1) Short—chain fatty ACids - wsssereemssseeeemmssesemsssessemisnsesaseseesisessenesnas 127
2) ¥—HNOLENIC ACIA w++rresrrersseresssrrssssessssssssesssss s 128
3) Total free fatty ACIAS - rereseremmsereemserimmssiemsssensss s 131
8. SENSOrY EVAIUALION +-ressrersssereesssseremssssemsssrsesssesessssessosssessossse s sensse s 132
0. AMIMAL SEUAY crvresesesoserssmosssossrssmsnssosssssmsmssssmsssssssssssissssssssssssssssssossisssssssssssssssses 135

Section 5. Development of reducing blood cholesterol Cheddar cheese by

EVENING PIMIOSE Ofl ++rreressssserressssssssremmssmreniisssssneissessseesssaa 139
1. Cholesterol removal rate and chemical composition =« eeereereeeeeee: 139
9. Change Of TIBA «wiosiisissososssnsssstsssssssssesotsssss st sssssesossssasssssss 140
3. Production of free fatty acids - sssrermmmsmcemmmmmmsesrenissssessnesennaes 142
1) Short-chain free fatty ACIds - wssreemsrreemsmremmssssemissenssssesssssenenas 142
2) GAMMA-LNOLEMIC ACIA +++ererrrserserssssssssssssssesssssssssssssssssssssisssssssssisssessessssnses 144
4. Rheological CharaCteriStics « s wsssseremmssmeemmmmmsirmmsssssensissassenssnass 145
5. SENSOTY EVAIUALION «+eerssseeersssremssssrremsssssemssssinssssssansssssossssssnsssssensssesones 147

_16_



6. Animal Study ................................................................................................. 149

Section 6. Development of reducing blood cholesterol butter by %-linolenic

QA 152
1. CREMICAL COMPOSILON - 152
9. ACH Valtle < 152
3, CRANGE Of TBA - 154
4. Rheological charactoiStics 155
5, SEMSOrY EVAILALON s 156
6. ADal SHUAy 157

CADLEE 4. REFETEEe e 160

_17_



L
A 1T A A B 25
Al 2 A QT HFE] e 28
A1 A 7B vAEstet o E o] &3 HDL-=dAHE &3
T O 28
J R [ A= =) T e 28
7}. Core materialZF coating material - - weesseessemssmunmminmmsinisiene, 28
B L O 28
2. AR HFE 28
ZF Al AFRE O] THBE AL S e 28
oA ESH N BF FUA2HE AR 7152 A% FF QG 33
A 2 A 2284 isoflavoned] T AL BFo] B O Fh e 36
L AE B A]OF e 36
7}. Core materialZ} coating material - - -wwsserssersssesmerissssssnissininns, 36
L, AL T 7] 7] st 36
2. AT HFE i 37
T A FHE O] AT et 37
L, 22825 coormeevssssensssssssss s 40
T}, HPLGC B A] corersrrimsisimsisisisiussissussissussissesssssessssesssssessisssssssssssssssssisssssissssssses 40
Th, FEEZAAT ottt 49
Bl B A FE L 8] OFA Al correreeeereereereneeeeeeneeeenesesseesesssee e 42
uh ol aZehie] @F Fel2UE AS TS AP FRAG s 43

_18_



2
w
i)
g
<
=t
o
w
28
D
=
o,
lle}
Y
N
N
o
i)
ofy
il
=)
[>
4,
i
2
ol
ol
(@)
=g
D
o
[oN
Q
=
(@)
=g
1)
D
w0
D
lo,

o‘j:rL ......................................................................................................... 46
Lo AIE T A OF corrrieeteieis et 46
Th, O 2B LB} ceeeeereersseessseei et 46
L}, Butter and Cheddar Cheese s ersersmesssemsssississsissssssssissessssesnes 46
TF ZEARHE A 7] e 46
0. AL B HFHL ceoerteitent et 46
Th, D8 0] ] E] cerereeereeees et 46
LF, BULLEES] R 3o crereseeseesseesseesssssssssssesssssssssssssssss st 47
T}, Cheddar cheese®] Rl Ze wrrrmmmimsstiseiississsssssssssssssssss i 48
Th SR HE A TE e 49
Th, QI HEAJ EL BLA] ot 49
HE, ALZH(ACIA VAIUE) +rerereereesseesseeesseesssensssssssssssesssss st 50
Ab. TS B TH(peroxide Valle) « s wwsseressseeressessesssesisisssiisssesssseieeas 50
o}. Thiobarbeturic acid (TBA) s srseessersersssessessssssssssssssssssssssssssessessnes 51
2}, Cholesterol 7 ZEELA] v 51
2}. Short-chain free fatty acids (SEFAS) weereeessscrremmsssesseniiieee 52
7}, Neutral volatile COMPOUNS wwwsseerssssremsssseemsssemmsnseimississsenisesenenas 53
B} obm = AF 2 (Free AMINO acids) «sseeserseesserssessesisssssnsessenens. 54
T}, RNEOIOGICAL +++verserrssssssssssmsossssusmsonsisssmmsssssssmmsssisssmmsossisssmsssssssssmssssissssmsossis 55
BE. TFI ZI A wreverreesseesseessess ettt 56

QTEEE O] Q] L ceeereieni et 57
Lo AIE T A] O ottt e 57
Th EFHEO]ZL o6 vttt e 57
L, A] G ettt 57
0. AL B HFHL oottt 57

_19_



o
2ol

=0

7t %7

58

L}, ©80] S 2H|R A F] ettt

58

39

39

39

v}, Cholesterol

60
61

;é!

rvzel
Nr

1
KH

61

62
62

)

[N
)

<

1Ho

ol

_(H

7h d% ZU2HE At 7es

65

g
it
=K

m

65
65

ol

7F AEm g A

Gl
o
R

3l

65
66
67
67

L}, Cheddar cheeseQ] A Za «eeermi s

X
il
il

el

X

T
oW

67
67
68
69
70
70

3}

v}, Cholesterol

vl
_Zrl

0

el

A 3%

_20_



TEBF O T wrerereeseessse ittt 73

L AR T HEE s 73
TE AT A B cerevssessmssessnssissussissussissussisstssississmsstssississtsstsstsstssisstssisstsissssisssssiss 73
D A1 T] HEFHL e 73
TE, DULLEr AT oottt sttt s 73
L}, G R HE S T ottt stssssiss 74
T, QHEAT B B e 74
Th. AFTHACIA VALUE) w++ereeereereseeressmsemmmusmseitisieistie e 74
v}, Thiobarbituric acid (TBA) «wwreeereereusemsemememieriniintiniisiseeieenienines 75
HE, 2] A HE A B A e 75
A}, Rheological PrOperty - s wserssrssessssssesssssssssssssisssisssssssis s 77
OF, FF I ZA A cereereeeet e 77
2} dE ZY2AHE AT 75 S YT BE AT e 77
A 3 A AT BT i s s 80

T L O 0 00 T O TSRS 80
1 u]xﬂzg%i}q G G e {0
9. FNELT TTO] WAL AFZ] v 31
3 MANE VNEST TGS AT 280 BEA e ]1
Th BT 2] v 81
L. AITE 255 neeieseeiss st 33
4, AR N7 F NESH TG W ARG G ZA a4
5. 71 ESa] 1 ul A L] B AT AL e ]7
6. THS FIAL weovcrermmsiisin s 33
T ZE A sttt s 91

_21_



xﬂ 2 7% _/':_g_}\é isoﬂavoneiﬂ ]kﬂ %g}oﬂ 7:5_ ‘i?- ............................... 94

1 M A4S 913 coating material®] A s 94
O MM ANL O] FH Z ] A ettt 9%
7b A LS 93 coating material®] H] S e 9%
U 0B ES YBF ZF 0] o TF v 98
3. AA 7 7k 98 228 A isoflavoned] GE] s 99
4 "7__—‘6_‘-3;]] E_/Koﬂ .................................................................................................... 100
5. Tl A ZAE Q] OFAI A vt 102
7b Q1% oA pHoll 98k 1 A 7AE Y] QEAA e 102
o oF A A pHY &40 93t 284 isoflavone 2 & 104
6 %%/\E] :j .......................................................................................................... 105

FTFH RG] QI creverereniiiii 108
1. Physterol@] of] Z2H| BB} orerererrmmismmssimisnsississisi s 108
2. ZY2EHE AALSET YHFA I e 108
3. Cheddar cheese | HFAFSFIE (TBA)H B} crorveeerereeremeniseieienieieeiices 109
4. Short-chain fatty acids B B} e, 110
5. Neutral volatile compounds BB} «eeeseeremseemeemssrmiean. 112
B. OFH] T AF 2] coorervesseeressas s 114
7. Rheological 27« sinses 117
8. TFISZI A wevererrersreesettse et 119

Al 4 H dero]lZ FARFE HUIE

7(3 %k%@l .......................................................................................................... 121
2 pH %xg ............................................................................................................ 121

_22_



3, AFIE 2] ettt 121
A, A HFAESF G (TBA)H B oeeererrseeseeessessesiesise sttt 123
5. FAIE BB} cereeeeseeen s 195
B, G AFTFGE 2] ceeresereseeis e 196
7. ] A HIAE A BE BLA] s 127
7}, Short—chain fatty acid s w-ssereessseremsssseemmssesemisesinssseseniseseneseseesenas 127
U}, Gamma HNOLEMIC ACId «+ssrssersseessseessssesssesssssesssssssssssssssssssssssssssssssssesssseees 198
T}, Total free fatty Acid - w-rresmeeeresmsseresssrssresmsesmesmsessassssesnesssesnessass 131
Q. TFISZA A werereersseesseessseess s 132
O, TET AL cereerereeess st 135

Al 5 A dutolx FAFE AN dF FHHE A A =9

1. FU2HE AALY IR 9 dbo]3 F2159] gamma linolenic

ACIA. T BEEL AL ceereeteieeise e 139
2. Cheddar cheese Z]HFAFSFE (TBA) ) weerrrereremeserssessssesseesssisnsissesenenes 140
3. ST A HFAE A EE ELAL c s 142
7}. Short-chain free fatty acids HEF - 142
U}, Gamma HNOLENIC ACId wwwwssessreessresmesssmessssessssssssssssssssssssssasssssssssssssssssnes 144
A TR ZIAF evereereeeseeees s 145
5 THEEZI A wereersseesseesssees st 147
6. %%/\E] ;:4' .......................................................................................................... 149

Al 6 A Gamma linolenic acidE #7}3t d% Zd 28 =43} B g

y‘,_]_@. o‘i:rL ............................................................................................... 152
1. HE Q] UHE B B AD i 152
2. *&ﬂ(acid Value)gl %ﬂ, .............................................................................. 152
3. TBAQJ ‘iﬂfﬂf ................................................................................................... 154

_23_



4. Rheological Property - - wrssrsssrssisssssssssissis s

5. ¥ HA

_24_



p N A_I

A 1

oy
= ww &
o - )
ww_ < _Mm Jﬁ % Eu]
S wémw_@no
) Wr e ml ﬁu op o) 53 %o <
B 0 Lmo R 1e nE.M o w o 70 o- =
= Mo ™ 3 K ,AI n = % ﬂy S TR
moﬁ}mﬂ%wmar%7 %ﬂmowﬂa
g M al B % o 5 = n NS N "
o) M = T o4 ¥ ° ° ° uo5 K BB
e ) < % s e B = Wy “ T B B oy w K
R W or NS 0 = F T W . by Bl I
L < o oo & Eom AT w2 R o o - o
| T - . ~ o S o = B N
5 s B S = S > B N
= ~ o0 Jo BT o) ~ B s ol —_— [y ) < p To 3 .3 ol
,_w = o) Hin oy ~il L.T 3 T A £ S o o 1 ) o
@M%}@@@ya %@Lmﬁg HQEO_A@
urmw%_xu h_@ﬂ_c éoazmg u%@m
t}zﬂﬁ 0° B Loviekwm éﬂm%mo
=gET R TIME 2R
ﬁo}3HXH,7% o ﬁgmw E: ,Lﬂoww_n
T N Ho o = o Y ‘Lm_W < k) Nfo st o N om o %ﬂu =
o 70 JJo ™ o oy ~ o X S o v ok o
M%ki%ﬂ@m%g ?@%iquﬂﬁ 3
gl = O ~ —
240 M_l ,._owo ~N o ,._m_.c rl Y (L Gl ﬂAlL ﬂ_OI o O# TR ™H ,@l EO ‘mﬂ © OE, OT
- & 21 _ N o % W %o - = MO ﬁ m m 55 en ey Zn =
5 =9 e Mo A T o & B of A8 @ = o = [
b X = & = & X : RO & ™ ~ ° N
ﬁau%ﬂ ﬂ@ﬂﬂﬁaiomqo DTH:_
mxo%éoﬂ;%%ﬂﬂuoLl Lvﬂ_uoﬂdr.
T pat ~oS = o F HH = Ton =0 =
%ﬂg%gsémﬂoz%@% mowk&iavg
= ~ Y jra e =T ™o 0o ]
oo o oz wo A o o X = & S R mw = il G+
w7 < o ~ %o o o g & = J T O o o
o E ig_}ﬂo%o = paiﬁqyog
o o Lm | Mﬂ s N fa S SERG) —_ o o ol - X0 G il
Nluﬁ ] OL 100 ﬂ ) 0 # Z.E _ ﬁE O_,A w — 0 o ﬂ o0 )AH —_ ﬁa TI% H;n.._
o w T JJo < S F o D % o S oy S = D
CEC) dq ™ = ™ g =K wo M - i N w G ) M
et o 0w ol Moy < S ) Sk T ol
qiﬂwy%wmﬂglmﬂﬂ%gw
0 p
mgﬂfﬂiimvmb1ﬂgat%
i T oA ul, S E ok < M = %
Ec STy g = T
L o B oF U ] =
2o 3 = ° %o L 4
— &l <A N k) A
o)) M % Wy
oF Huzl
%!

F = of

I

wg} A =9
7]

HAl AS

0

o] &A

- 25 -



StetAE o] g3 Wy Tol Uk a¥d dAZA S - gH e s gvhA
ol Zl~HZE AlA HWORE f-cyclodextrin(B-CD)E o] &3lo] Z# 28 Zqt

2 dexon 4 E: A%AA BEAS w50 AASE F2A 0§ By

Atk B-CDE AAlo digh A= =31, 4
o)A &gxol Yt M B-CDE o] g3dle]
22 A7sE dTE AY 1599 B¢ S

W 53] 1997-18599, 1977-37128 5). ol AT+

‘?_
& Al Hrbste]l mwtela AAEEE Foto] B-CDe Add ZHiHES
A

X
o
2
2
i
=
[~
£

rot

AAS UE Ao B-CDb BA2HESS HAstel Y AR HFoRVE
AAS i Aol o] %R SR FAFCRRY FosHEw HeHo
2 0%l AAZ Fsan®, Sqe FAe W st APl ASE P

~CDe] #AF Bk ol e, A Aze Ayl 249 EAT AP
g gozeE A7 pCD7E 1% %, 2FlAE oF 10%7 Aastez o
)i, B-CDE 7FZo] AdatA] 2o (12,0009 /ke), 4

of SEstn Qe W ohe, @Roddm A 9] wiEel AUs

ot
ox

>
>
=2
o
B~
=3
2

(recycling) 3= # o] nparA s},

B-CDE AZgatr] fstel FuzHEF p-CDE I5se Pde
hydrogen bond inhibitorE ©|&3%t= W, A4 93t WH, sodium chloride
2 olgatE B, 78S ol gatE W So] 9om® ®EF p-CDe A

&3 - 2 FAF FAASE dieis A7RA B-CDe nAys e s

_26_



o

=
ol
of

K

ol g3l $7

=
=

Aol Ax2 B-CD
£-o]

o] %ol A <}
A 90%e] el el 2EHE

o] sjde] 7hs

oM EF ZUzHES 5

}_
px

o A

(lauric acid, myristic acid, palmitic acid)e] °F 40% A

o O

T

Al AlA

o
g =dHE A7

=
=

[e)

) -]
a3 Ade) BerlerE ofy

=

A = e ey

H
Aol e,

k=
=

471

©

I 7= E3HA
of A&A7]=

2ot

AL
00

o))
]

4
Hie

A
>

4

o] AZH 7T

b 7S

3|

T ZYd=HE A

A 574

™ f-sitosterol, 2 phytosterol, *

=
=

=2 =
=

o], o

s A=

-
=4

SHAl 7N

S

w0
ol

|

3
s
™

[€)

R

StERA A

S

fEeR oj| 7l
A%

°©
=
=

b

S

b5
— 27 —

)

e, €% ZH=dHE A

ol .

AFES M

13|
_]

Fu
H

=
3

=

]

A
T FUzHE A

&t 71
ol
HA

S

ST

=3
Il

=

4

g40] ofm 7
o sl 7}

o
k|

-

=S
HE Al A

=
=



H 2 & o7 2

Al1A B2 HAREste o] & o8&
HDL-ZH|&HE & 72 97

1. AE 2 A
7}. Core material®} coating material
oo ALEE core material¢! J|EEude (F) BlHS3sto 2R
B Aol A oAl BESIHEA AL S M, coating material> fatty acid
ester €79 3lttel PGMS (polyglcerol monostearate)S(F) dA#3} (Seoul,
Korea)ol| Al A Zxko} AL-&319 5L 34 2% Tween-602 AM-&-3F93 )

L Al 8l 7))

NNE&gade] vAfEs &S SH87] Yste] AFE-3F acetyl acetone,
Na;COs, ethylalcohol, p-dimethylaminobenzaldehyde®} Z+EZ2dz2 AL&3F
D(+)-glucosamine hydrochloride= Z}Z} Sigma Chemical Co. (St. Louis. Mo.
USA)el A 9t 7IESeludy 2242 4% #2492 Beckman Du 650
spectrophotometer (Beckman Instrument. Inc. Fullerton. CA. USA)S A}-&3}%1

E]— (10)

2. 49 Wy
7h A gl #E A9
D mAAEe] Az
PGMSE ol &3 71E&eugd ARG Azxe o 2o 149
PGMSE F#¢ 1= & &3kl 80TolA 5o 4ToA BAsAT. T+
FoF 93 PGMSE 5, 10, 15, 20g3 3to] 50mee] S79F &gste] 55T 9 &

of
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Tl HATh PGMS7F 2 % 1200rpme 2 138 5o %9 5 a4 o] 7]
Egagds Hriste] EgskATh 0.05%9 Tween-600] &3l® 5T &4k
o] W-300 spray gun(Wagner Spray Tech. Co., Markdorf. Germany)2. =
PGMS®t £33 7| eS8 1dS E5ste] fA<&st st £5%
AN A 1023 dA g

<
5
of wAlFlEst | VR 1dS FHekdow, Al gl AEe Fg 13 2t

2) ¢ cholesterol AlA
&35 cholesterols Ast Al71= 7154 75 Adst7] et 4 $fel
WAl st cholesterols A7 stolofF gkth. 1A cholesterols &2F3st7] 9] 3h<
B-cyclodextrin(B-CD) 1%% %ol F7}sta, 10Ce w2, 800 rpme] i

=
4

%, 1029 wybAIzte® S 3o stirings dFATH &€ E-CDE
SHREH sy gste] 72 x gl 108z i QY. ol=@A Ae
H 52 cholesterol AAES =43}7] $15}o] gas chromatography(GC)2e] =A<
Table 14 ¢} o] A3ttt
3 HAHE & 54
A7l st F| R FE&e S48 fdte] dARd & RAe
oANE glass filter (3G3)Z A% F o HE  D-glucosaminedt 3}
D-glucosamined} ¥¥ e &1 21? Glass filter (3G3)2 o 73k g 10ml
of 6N HCl 7m¢t H:O 3mb=  7Fetol  EFAIZ & Aa=m 7] 28t
140Cell A 90&3r 7Fdste] 7| E&eaidS glucosamine & 3 sH3lom, 3]
H AJEE 60TA =3 HClo] 2% w52 w7bA] skl 2ek $o <
F4 5mE FHst ANBE Zolil glass filter (3G3)E A FHA AT} Acetyl
acetone 1.5 me] 12N ERIUEF 50mE EFste] vheE A 2n0E o7 A7 o
A F 1mest EFeFal water batholl A 96T ==olA 1A1ZF &< 7143
25 Wz A Wzhekdth 183l 96% ethyl alcohol 20mS 713 3 &
3ttt p-dimethylaminobenzaldehyde® 1.6g¥ HCI 3m¢ Z18]3l 96% ethyl
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530mmell A Al &
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Distilled water

55C, 2min

PGMS solution
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Mixture

0.05% Tween—60, 5C spray
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Centrifugation, 24,900Xg,
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Fig 1. Schematic diagrams of chitooligosacchride microencapsulation with
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Tablel. Instrument and working conditions of cholesterolanalysis by

gas chromatography for milk treated with B-cyclodextrin

HP Model 5890 series 1I

Instrument
(Hewlett-Packard Co., Palo Alto, CA, USA)
HP-5
Column . .
(30m=0.32m ID. x0.25¢m film thickness)
Carrier gas N (2ml/min)
Oven temperature 200°C—10C/min—300C (20min)
Injector temperature 270C
Detector temperature 300C
Detector FID

4) A BE NELT G ARz

A ES MEden Qe E7] 71 AE (NICEM) O A AR A v 4

(JSM 5410LV, Japan)o.Z wl& x1002.2 &3}t

Brookfield viscometer ( Model LVDV I+ Version 3.0,

’

Stonghton, MA, USA )& A&l 2, control¥ Zd~HES A|AZ Alg $
o

ol mAMRAES JESY TS 05 1, 1.5 2% H7Ie A v A fEstA ¢
o JIESE 1T 05, 1, 15 2% AHEe A|5& 4TColA  spindle 22 100rpm-2.
2 Z=A3 % centerpoise (cps)® 2HAksle]l E 734

6) M =%

PR

=42 Hunter A2} ( Minolta CT-310, Osaka, Japan )& AF&3}

O

1, control#} FH2HES AAST -Fol vAAE 05 1, 1.5 2% A3 37
n AR EsA & J1ESE T 05, 1, 15 2% A3 A5 MEE 23357
A8t L, a, b values® 53 =4 s
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Bobel AL HAAS BAAAY. 2ol WARERRE fd8 TES

Y-S E3% 530mol A A skt
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W) Sfell ke mAEe AR mE A
NEgendE WAREs sto] dAFS FY e E] AAE S 100me
o ¥ F 4 10, 15C AFEA
et
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[e]
747t 0, 3,6, 9, 12, 15 & 7+ AFshe
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1

A9

i

8) 71E&ende] FvA
A REste V1 ESY I AR Es 81K &S AS 47 05 1, 1.5,
H 9G] HrE A 59 AR Le AFE gE2T

2 ARSI T Al FAE Adel Aed Alvteo] HEA Fot AFE A

o

2%4 Zd~HEo] AA
2ol 20CoNA 2447 HB F A8t PCA agar® HWiA| S 750 A 8%
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Table2.Composition of 40% beef tallow modified AIN-76A purified
rodent diet with 5% cholesterol and 0.5% cholic acid

Ingredient g/kg
Casein, high nitrogen 200
Corn starch 150
Beef tallow 400
Sucrose 95
Cholesterol 50
Cellulose 50
Mineral mix' 35
Vitamin mix” 10
Cholic acid 5
DL methionine 3
Choline bitartrare 2

! AIN-76Mineral mix (g/kg) : CaHPO,4 500, NaCl 74, K citrate monohydrate 220, K»SOy4
52, MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6, Cu carbonate 0.3,
KIOs 0.01, NasSeO4 - H,00.01, CrK(SO,) - 12H,00.55, Sucrose 118.

2AIN-76Vitamin mix (g/kg) : thiamin - HCI 0.6riboflavin 0.6, phydoxine - HCI 0.7,
nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin
0.02,cyanocobalamin 0.001, retinyl palmitate 0.8, DL a-tocopheryl acetate 20,
cholecalciferol 0.00025, menaquinone 0.005.
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Table 3. Composition of AIN-76 rodent purifieddiet

Ingredient (%) g/kg
Casein 200
DL methionine 3
Corn starch 150
Sucrose 500
Cellulose 50
Corn oil 50
Salt mix' 35
Vitamin mix” 10
Choline bitartrate 2

'AIN-76 Mineral mix (g/kg): CaHPO; 500, NaCl 74, K citrate monohydrate 220,KoSO;4
52, MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6,Cu carbonate 0.3, KIOs
0.01, Na:SeO4 - H»O 0.01, CrK(SO4) - 12H-0 0.55, Sucrose 118.

2 AIN-76 Vitamin Mix (g/kg): thiamin - HCl 0.6, riboflavin 0.6, phydoxine - HCI
0.7nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin
0.02,cyanocobalamin 0.001, retinyl palmitate 0.8, DL u-tocopheryl acetate 20,
cholecalciferol 0.00025, menaquinone 0.005.

3) FU2"HE A
g3 F & ZY2HE 559 HDL-cholesterol, $AAd ¥&52 3I45E
o] A}

AAAT oA ZA3AY. = ZFU2HE, T4 X2, HDL-cholesterol2 A 3} 8}

245 &A1 71 (Olympus  Aud00, Japan)E o] -&3to] vy o=w 7b7F ZA 31T},

[*3
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A 2 A +LA isoflavoned v|A| A &3] B3I AF

LAZERA S
7}. Core material®} coating material

2 AT AFE3 core material?l 30%¢] -84 isoflavone (F) €] 43}
gfo 2 HE AlFrol Ao HE ALESP oW, WiFAE T3 glyconeo] I
HE o] &3ttt 18 1, coating material & (F)YU A6 3H(Seoul, Korea)oll A
A3 fatty acid ester?]l PGMS(polyglycerol monostearate)®t MCT(medium
7be sHEelUTh

chain triglyceride)& AF&3} 1, o]EL EF 23

ol
ek

L AleF g 77

Water-soluble isoflavone®| vA|7}&st 385 457 fdto] AES
AloFyt FEEZAZE AFE3E genistin(4’5,7-tri hydroxyisoflavone-7-glucoside) 2}
daidzin(4’ -hydroxyisoflavone -7-glucoside) Z}Z} Sigma Chemical Co. St.
Louis, Mo. USA¢} (5)Fujicco, JapanC. ZHE FUdstgrt. =3 224848 &
A7) =1 AF&IDMSO(Dimethylsulfoxide)= Sigma Chemicaloll A <) 3} t}.
Water-soluble isoflavone® #¥+&E#-2 HPLC(High performance liquid

e wywe £4 nad

ol

chromatography, Shimazu, Japan)& A}-&3te] Yi
gradient solvent systemoZ A3tk FA1A] AFE%E columna WatersAt
(USA)9] p-Bondapak C18 column(3.9 mm x 300 mm, 10 pm)& AF&3F 1,
UV detector @ pump gradient system< ShimazuAl(Japan)oll Al <48}t
mobile phase® A& 3tmethanol(HPLC grade)2 J.T. Baker(USA)ol A +43A
o}
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2. 434y
7h v A E L] Az
1) PGMSZ coating3st VA g9 A=

PGMS = coating3dt 84 isoflavone? " A& A ZWHL Figure 29 2
om I Y& Sy gl 84 isoflavones A Lol X
PGMS (polyglycerol monostearate)2 v A4 &3} 317] §5te] 4 PGMSE 7+
Zb 5, 10, 15, 20g¥ & Foto] A&l SFaeh E9stal 55TalA 2027 A
200rpme] £x= =2 187 wwksle] sprayZl 7FseAl 83 HodF9

1
SHe dA ] 84 isoflavones E3Fstal 1,200rpmell A 137F gk

—_l
jutn
k1
N

)
i
rlo
2
ox
lo

AR

o

o]

3 B o] Zgdle W-300 spray gun(Wagner Spray Tech. Co. Markdorf.

Germany) 2.2 0.05%°] Tween-60°] &3]¥ 5C2 FA4tdo] F5F3kaL o] FH-

2 24900xgl A 1027 AA RS AEsh HA e AR A& @ o
o ¥eaha thA ololue FHste] ol Tween-602 7hel A&s WA

3 HoldlE 784 isoflavones A AL AAEEE 13 o AAlste] vl A

2) MCT® coating3F v A& Az
MCTZcoating3t &4 isoflavone?] "M & A ZWH2Figure 334 2
o 2 yge ugSs3 2o AA4IMCT(medium chain triglyceride)2t &4
isoflavones €3 H&= £33l 2000rpme =2 1837F wHksigit. o] &

gtaS W-300 spray gun(Wagner Spray Tech. Co. Markdorf. Germany) o =
0.5%2° Tween-60°] &3fe 5Co EAbejol] FF3FIL o] L& 4520xgel 4]
1023 dAEgste] Aastd 5o fAest dAFS Adow st A&
S5 FAdtel T Tween-60 E4tels 7hal] A& E 13] ©f dArste] A
#3t A% £84 isoflavones AAst] MARES Az,
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PGMS

Distilled water

80°C/5-6 hr

PGMS solution

Distilled water

55°C/20

min

PGMS solution

Water-soluble Isoflavone

1,200 X g, 1 min

Mixture for spraying

0.05% Tween-60 (5C)
Nozzle size : 0.3 mm

Dipersion fluid

Centrifugation,
24,900 X g, 20°C, 10 min

Isoflavone microencapsulation

Fig 2. Schematic diagrams

of water-soluble isoflavone

microencapsulation withpolyglycerolmonostearate
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MCT solution W ater-soluble Isoflavone

2,000 X g, 1 min

Mixture for spraying

0.5% Tween-60 (5C)

Nozzle size : 0.3 mm

Dipersion fluid

Centrifugation,
4,520 X g,20°C, 10 min

Isoflavone microencapsulation

Fig. 3. Schematic diagrams of water-soluble
isoflavone microencapsulation with
polyglycerine monostearate
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v &34
A &3t g 84 isoflavone®] F&FGL IHFAR] Wl ot
44 isoflavones g HAFHOA WA E oF-&He EAstE 84
isoflavone?] %S =43t nAfAE WH EA5= =84 isoflavone@FS 7l
cbebe WS AbEEd o, WS tE 2oh WA, dAEgste] 42 mA
g FE&HS HIF FHstel HPLCO Alm= ARESFSith HPLCO 23
=

W3t 84 isoflavoned W&E3F +=&

lo
_I\I
(=}
I}
Q
=)
1o
Q
=
¢l
Q
il
=3
HN
i
X,
:J_‘

th. HPLC #4]

%84 isoflavone® HPLCel ojgt 2o vis!Wel WS 44 1<} gradient
solvent system© 2 HA5lith 44 ARE columnS WaterAKUS.A) 2] u-Bondapak
C18 column, detecter= 254nm UV detector(Shimazu, Japan)E AM&3F% o™,
injection volume< 20ul 2 3}S)th mobile phase A, BE 20%, 602 methanol < A}
3l o1, solvent gradient= A5 % ¥ mobile phase AS 10022 A] 23}
o 50 7}A mobile phase B7} 10022 A X o2 As A|HoHW I F 607
7FAlmobile phase AE 100% = 3t o™, I ¥ 65%7F4 mobile phase AE
100% 2 A 3leldetectoret columne ¢4 3} AlZth HPLCS] Ab&x271-S Table

40 YeER T
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Table 4. Operating condition of HPLC for analysis of isoflavone from

soybean
Instrument . Waters Co. USA HPLC
Column : Prontosil Eurobond C18 Column (4.0mmx250mm, 5.0um,
Germany)
Detector : Waters 486 absorbance detector (254nm)

Mobile phase . A Solvent - 209 Methanol
B Solvent - 60% Methanol
Injection volumn : 2040

Flow rate © 1 m¢/min

Gradient table : Waters gradient controller

Time %A %B
0 100 0

50 0 100
60 100 0
65 100 0
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| A 7853 =84 isoflavones $Fo] 44 sxEE Hrlste] A7

(1, 3,5, 8, 12¢)&qt AFeHAM Yehs ojvg ofF o A% 7ok o ¥

uh WA E ] FAA
1) gl edol A mAHEe] kA A
T84 isoflavone?] FAHAZALE AT Mo pHe incubation A]7bel| wE
A EZ5EH T84 isoflavone®] WEFS FA8Aom WHES v Zrh
A EF7F vARES FrEeta Amle pepsing A (pH 1.2, Img/mDS 7}
gk %, IN HCIZ 7t7} o2 pHs 2, 3, 4, 522 2t} 9l g5 717t 37T

gefzo A ZF A ZFE (0, 20, 40, 60%) incubationWE A Golo] WEE 4

rie

2) Az A mAZHE] FFA FAL
defdo=z 7zt b2 pHe A{HEZincubation ¥ &9 0.02M
cholic acid, 0.02M deoxycholic acid(bile salt), bmg lipaseE® X 7}stx2
pancreatin &9 (1mg/ml phosphate buffer, pH 7.4)& #H7}3kt}. o] §94& IN
HC1#} NaOH= pHE 6, 7, 82 ZA3g % 37T ZF AIZH0, 20, 40, 60F)E =

incubation ™3 A 4=8-4 isoflavones HPLCO| o8] A atc}
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TEAPATAAAN FAste] dFAIF AWALRE Holw, HET|E THA

=

A stk AFFEAE S 2 21+ 3T, #5F 50+ 10%E A oH, Heke 12

T EE IR T

2) Sprague-Dawley A&

Zd~HE FX9 7S 9l 75 &<t high-cholesterol-high fat dietE
Holx, FH2HE FX7F S7HE ¥, 65 &< fat free dietE A FAAIFTE 120}
2 6vtel = fat free diet ¢ T4 4d A3 FH2EHZo] AAE - 1lmlol
oA eHE 10mgs 27 AHAAT. el UwA 6vtels dd A3 A

Z
FEFE AFAA AR

N

o
i
X

.
Imlvt HAAATL, &5E

_43_



Table 5. Composition of 40% beef tallow modified AIN-76A purified
rodent diet with 5% cholesterol and 0.5% cholic acid

Ingredient g/kg
Casein, high nitrogen 200
Corn starch 150
Beef tallow 400
Sucrose 95
Cholesterol 50
Cellulose 50
Mineral mix' 35
Vitamin mix” 10
Cholic acid 5
DL methionine 3
Choline bitartrare 2

'AIN-76Mineral mix (g/kg) : CaHPO, 500, NaCl 74, K citrate monohydrate
220, KoSO4 52, MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6,
Cu carbonate 0.3, KIOs; 0.01, Na:SeO4 - H-00.01, CrK(SO4) - 12H200.55, Sucrose
118.

’AIN-76Vitamin mix (g/kg) : thiamin - HCl 0.6,riboflavin 0.6, phydoxine
HCI 0.7, nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin
0.02,cyanocobalamin 0.001, retinyl palmitate 0.8, DL an-tocopheryl acetate 20,
cholecalciferol 0.00025, menaquinone 0.005.
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Table 6. Composition of fat free AIN-76A

Ingredient (%) g/kg
Casein 200
DL methionine 3
Corn starch 150
Sucrose 550
Cellulose 50
Salt mix’ 35
Vitamin mix” 10
Choline bitartrate 2

'AIN-76 Mineral mix (g/kg): CaHPO4 500, NaCl 74, K citrate monohydrate
220, KsSO4 52, MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6,
Cu carbonate 0.3, KIOs; 0.01, Na:SeO4 - H.O 0.01, CrK(SOs) - 12H-0 0.55,
Sucrose 118.

* AIN-76 Vitamin Mix (g/kg): thiamin - HCI 0.6, riboflavin 0.6, phydoxine
HCI 0.7, nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2,

D biotin 0.02, cyanocobalamin 0.001, retinyl palmitate 0.8, DL id—tocopheryl

acetate 20, cholecalciferol 0.00025, menaquinone 0.005.
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A 3 A Phytosterolg 713 EF ZH2HE A3}

Cheddar cheesed 4+

1. Ag 2 A
7}, ol 2=H =23}

= ZY~HE A3 222 physterol 90% (soybean source)E AF&3%
ow [-sitosterol 40%, campesterol 20% stigmasterol 10% %o At} o =
HZ23E 93] oleic acid ©]&3}H Shinyo Pure Chemical. Co. LTDolA *+3s}
&t} 1,3-dicyclohexylcarbodiimide 99%, 4-pimrthylaminopyridine
99%, dichloromethane + Sigma Chemical Co. (St Louis, Mo USA)o| A ¢ 3}
A Th

1}, Butter and Cheddar cheese

Butter®} cheese A|xE &) Zag Af+= (F) Fadolr Fdstd o,
cheese T+ TZA7AZ ¥ mesophilic lactic starter culture (R-703, Chr.
Hansen’s Lab., Denmark)®} §32& $3] rennet (Standard Plus 900, Chr.
Hansen's Lab., Denmark)< AM-&3}ith.

th. ZE 2" E AA
i F9 ZU2HE AAZ Y8 AHeE A= Pcyclodextrin(f-CD)(Y #

A5 3he 54 84}, Japan)& AHE-SFATE

2. 28w
7h el A g

Ao AzE 98 45 oS Zo] Agstich 4f9 10% -CDE
H7F 3 5 wWbEE 1200rpm, WHESE 40T, WHEAIZE 10E o A2k

cholesterol #|4 ¥ 166 x g9 &£=2 Y94 #2 3t} Cheesse A% Al B-CDE
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A 7tste] cholesterol A1 A $ skim milket &3ate] 1,000psi bH o= &3kt
5, 16, 3)

1}, Butterd] Az
A o] 3.6%<0

rlo

#8 29 2ddel 36%2 Ak 2WE 10% B-CDA
42 s 2elsHES AAGAT. 65TOIA 08T AEF F 8~10C2 W2t
AB W chumel 93 AHEER chumingS STk WAL 4
| A= sk wE
Aol7l= A s W

churningS W31 HEUAE wjEA7]

.
4

o2
)
S
fr
N+

£ Wobd ME %o FRol $Ad WAL

20 = 7}

o2
o
ol
38
o
A
2
>.
E—‘,

23}A171 phytosterolS 2, 4, 6, 8% P &= F 7}3s}
9}]’4' m]’j% %Oﬂ ‘:6_101 E!_OO]:% o T‘f‘ 4C°ﬂ}\1 E.iq'h‘]' q_(n).

. Pasteurization Cream
Raw milk > (72T, 17sec) » | Separation (55C)
Milk fat _ _
measurement | » B-CD — | B~CDremoval
Churning —» | Washing of butter |[— Collesting
Kneading —» Salting (2%) — working
Physterol
4,6,8,10%)
storage

Fig 4. Schematic diagrams of Butter
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skim

ol ZY2HZS AAG F
X% vatel]l 931 %7} 32T
A o] 30+

t}. Cheddar cheese®] A
2&3te] 10%¢ B-CDE

.o 9RE
HA7HE R 0.004%)3}F]

AFE
milk®} 1,000psi o= T2
culture&
W8kt 10% CaCl2 (0.03%)¢} rennet 0.019%E #7Fst § 40~50%-3F
% 15 7
2= A 0
=R

bl

%

g4 =

AN

A E NS o starter
s
25k eh dtel] dure A= P Aot
5 AAs] wnkek & A= TS 98] 30 et 44
A ZHG, AAMNEE 015% ~ 017% ©| =™ whey W&
vat ¥4 o7 Folx Bttt 15874 22 cheddaringslte] AF=7F 05%7F 2 o
7hA WEESEATE o] #Aflel UM A=E EHT F A=Y 20%E M9
3t o ~EH|23}A1 7] phytosterolS 4%, 6%, 8%, 10% ®|&= H7}stgo).
25kg/cm2 S 2 overnight stA . 2 ¢ AdAHS V|2 Ze} IF EFstS 7C
A wratelg® 6 18
ok A A
Aeot AP FAW FFe AW (Gerger)YH oz =43} 90%
AF 10meE A Al(butyrometer)oll ¥ =8 10ml e} isoamylalcohol 1mlS #H7
AR FAAS T A2 fdAEe] B =R B e e i R
A3k 1,100rpme] £ 2 587 44 EY
5 2eE AS HuteldE o] 835k

3} T}
& 60C water bathell 15%3F
% 60C water bathell 5E7F A XA

!

aFaitt.
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Raw milk

v

Pasteurization
(72T, 17sec)

v

Cooling
B—CD

'

Homogenization
(50T, 1000psi)

.

Starter

i 32T, 30min

Rennet

Curd cutting

'

Whey drawing

.

Cheddaring

.

Curd milling

'

Salting (2%)

i Phytosterol

Pressing (over night)

.

Vacuum packing

'

Ripening (77C)

Fig 5. Schematic diagrams of Cheddar cheese manufacturing

Z i A (Kjeldahl

W) 2 AW (Soxhlet’s

o



. 4k7Hacid value)

HEZ 3¢S 200ml A4Z ek~ =30 #3lo] ether ethanol &8 20~40ml
< 7kste] @hdd] Itk o 7)o 1%-phenolphthalein &9 2~3W-&& 7hstal
0.IN-KOH ethanol &9 o2 &3] 24550t §fo] ngHow 3%

7 A%E fE FEPgow g

(Vi-V()*<5.611 ¥F
7} =

S

V1 Ade] 0IN-KOH &9¢] 24 2] #k(ml)
VO : & A3 0IN-KOH &9¢] 24 2] Z(ml)
F : 0.IN-KOH & 92| 7}

S AR A ()

AL AEsl E 7 H(peroxide value)

AN#E 05~1.0gS 200ml "7 e AzEZebx~=e #H&te] chloroform
10mlE 7hste] =@tk Solo] k3] FHg Furt {v P24t 15mls 7hat
of £ F KIZsh&d Imls 7tste] wlE afal 1#3 Ak J&3 $ 5
T o WASALE o7l B 75mlE teke] wilE oA stal Hget
1% AEEAS AA oz 1o 0.0IN-NaS:Os&d oz A3 A &9
AgAo] g FAow B s FHygow gt

(Vi-Vo) X 0.01 X F

Hatebe 7t = X100
S

V1 2 A8 0.IN-Na2S2038 ] A ZH|Z(ml)
VO @ & A& 0.IN-Na252038 Mol A=A AH] ek (ml)
F : 0.IN-Na25203-& <4 ¢] 7}

S A= AFHH(g)
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o}. Thiobarbeturic acid (TBA)
TBA7}= malonaldehyde% S 24 8 =212 malonaldehyde= 4+ 3]
A= ghgo] FAbEg A E, o] 27] AbstaAel A 4tst A E

3

il

A\
ol

= 03 EAolth. A= 1g8 AHEo] glass centrifuge tubed] ¥ i1
9mle] 15%(w/v) TCA, 0.375%(wt/vol)

4, 6-dihydroxypyrimidine-2-thiol, ~12]iL
0.25N HCIE 7}ste] & &£3513F & 157 59t water batholA] boiling 3F%ith. Hb

e A ASQ0T)0R WF F 7000 x g oA 1587 A4 s
AAEE T E3 pink-yellow color A& S o] 535mmolA FFEE =4
SR a=

2} Cholesterol 7 &4
) GCAEFS AT A&

Butter?} Cheddar cheese 1g< screw cap tubeo] ¥ 1ml HWHEEFE4(5n
—cholestane Img/m¢ 99.8% ethanol)¥} 5ml 2M ethanolic potassium hydroxide &
Ae AT @ 5 A EFAA 65Tl 0EET FeFrd 2P @ F
Ao A YzZhAlZH Y 18]al 5ml hexane 5 mle] distilled waters # 7}3}e]
cholesterol& F&3t 2w ol & 43] WwHEsIt FEAqS sEEdt=Ad ¥l
40ColA #ZY 5712 FHAZ F 1nl hexanedl =9 microtubedl .73}

q_<24)

FEAE AAEAT. A4 Ab8El GCE  Hewlett-Packard Model 5390
Series(Hewlett-Pakard CO., Palo Alto, Ca, USA)fhtj split injectord<}
FID(flame ionuzed detector)”} &&&H o] Qo™ coulmne 30m x 0.32mm LD.
x0.25¢m file thickness 91 cross-linked 5% phenyl methyl silicone fused silica
capillary(HP-5)2 A}-&3}3t}. Carrier gas® NoZ 2ml/min AF&3l oW, airs

300m¢/min, H2¥= 30m¢/min 28] 3l auxiliary gas® NoE 28m¢/min 53}
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A= 9] split ratiox 1 : 5008 2HEstgon RE 7|49 F#HS 35TCAA =A

st FYTY 2E= 270C, A&7 2%+ 300CE At A9 A
Z 200ColA 187 32 F 23 10CH AsAA 300C=2 =9 F 2083
4] gdkutt}. Cholesterol®} cholestaned ™H 2 Al7to] whebas FE ¥, ZHzt
o] vjaw Ao osf FFEA sFATH
=}, Short-chain free fatty acids (SFFAs)

SFFAs & A% 24387 918to] Deeth 5o WHS Abgslgl o, o uf

GCx7 & Table 7 % 2ot AZFEAS A8 ddstd o3 2o 284
alumina 19.2¢S ZH4 0.8mlel Y1 fgUdthE A o] 247k x| 3o},
S test tubeol ¥ 1L ethly ether 5ml, 4N H2S04 0.1ml, sodium sulfate 2.5g<
2 2 ¥ o] vortex mixing § 2A17F WA SR o] & o] hexane SmlS &%
3lo] vortex mixerste] 200 x g oA 587 Y9AEY 39th. Small glass
chromatography column®| glass woolg Y1 E&A alumina 1gg Y3t ¢
o 5] mrEo]x &AL small glass chromatography column (ID : 5mm, length :
15cm) © E#FA ). hexane-diethyl ether(1:1 v/v) Sml& o] o] AL 23]
W23 AT AluminaE Zd $ 10ml test tubeol] %% % 6% formic acid<}
diisoprophy ether Iml& 7kttt Aol A 2,000 x g& 537 A4lEa 3¢
micro reaction vessel o] EF 3o, o]F AP gAo R Flo] GCE EAFA

o,
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Table 7. Instrument and working condition for dissociation of free fatty

acids in cheese by gas chromatography

Instrument HP Model 5890 series 1II
(Hewlett—Packard Co., Palo Alto, CA, USA
Column HP-5

15m X 0.53mm i.d. Nukol fuesdsilica capillary
column (Supleco Inc., Bellefonte, PA)

Carrier gas Helium 37ml/min
Hydrogen gas 37ml/min, Air gas 300ml/min
5min/50C—110T

Oven temp. 10min/110°C—10min/250°C
Injector temp. 250TC
Detector temp. 2507C

Detector FID

7}. Neutral volatile compounds

ol2~H 23} A%l phytosterol¥ %7}t Cheddar cheese®] neutral volatile
compoundsE Z=#43}7] $]5te] Bassette and Warde] WS 2183190
GCx7S Table 8olA et vt AFEAYHES A9std v 2ol Cheese
30g 32k 30mlol Edate] & @ Fol 30%7F HES kA Zith 50ml
< Kemmer-Hallet type micro-kjeldahl distillation unitel ¥ 1 S/FA1A dmls
FHstAT olw AREE AlmE Fo] 7] AFEiA 2% 30% Fol d A
5ml F33&A Tk 2mlS space vial(10mlol #3&}e] Na2S04 05gS H7bg 3
teflon P72 W&ttt 60C water bathel 2%7F AX3 F 237 vortex
mixer® E3tt thA] 60C water bathell 8%7F A X]3}1L headspace gas

1mlE 3l GCE 4314}
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Table 8. Instrument and working condition for dissociation of neutral

volatile compounds in cheese by gas chromatography

Instrument HP Model 5890 series 1I
(Hewlett—Packard Co., Palo Alto, CA, USA
Column HP-5

Supelcowax "™ 10, 30m X 0.32 mm i.d.

Bellefonte, PA
Carrier gas N2 1.2ml/min

Hydrogen gas 30ml/min, Air gas 300ml/min

Oven temp. 32C— 15C/min,140C (30min)
Injector temp. 230C
Detector temp. 230C
Detector FID

e} olu| =4t =7 (Free Amino acids)

oS U= felobn wats =4 %8 7) 98] cheese 5g¥ ZH4
Ao 1g9] sulphosalicylic acid® #H7}gt & 4TolA 1A% H
3l th o] & 4000rpmol Al 1583t AR g st 2 A RS 045m o A=
ofitgk & AlmE ARESth frEfobrl Al A4S v 9] Table 9 3 3o
Lindroth®} Mopper®] OPA-percolum reaction W o2 dAz 3 & HPLCE
ALgsle] BEASIA Y. o3 oe R A8 N(0.05M sodium acetate, pH 6.3)3 B-&

ol (Methanol : Tetrahydrofuran = 9:1 v/v)= Alg&3te] FHZxol= BEAS 20%,

Cheese?]

iy

Smle &3H3H

o
O

6 7R 40% = F7HAIZL & 168 7FA] 42% =2, 18E7HA] 50% =, 30 7FA 70%=
Z7IN AT A B9 FAHLE 10 e, v £xE= 20ml/min, column<
ODS-u-Bondapak C18 (39mn x 30cm)S A&3tx, 37 =7] (Shimazu,
FLD-6A, Japan)& AF&3l9low, ®E ofv| =42 Pilerce H-type (2.51umol/ml)

& Agatsin.
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Table 9. Operating condition of HPLC for free amino acids analysis in

Cheddar cheese

Instrument : Waters co. USA HPLC
Column : g —Bondapak C18 column ( 3.9m X 300mm, 10um, Waters Associates)

Detector : Waters 486 absorbance detector (254nm)

Mobile phase : A solvent — 0.05M sodium acetate, pH 6.3

B solvent — Methanol : Tetrahydrofuran = 9:1, v/v)

Injection volumn : 20u

Flow rate : 1 ml/min

Gradient table : Shimazu 680 gradient controller

Time %A %B
0 80 20
6 60 40
15 58 42
18 50 50
30 30 70
3}, Rheological
Cheese?] A7 2mm AE x  2em Hol&  FH|FATY.  SUN

Rheometer(CR-200D, Sun Scientifis Co., LTD., Tokyo, Japan)< A}-&3}c]
hardness, elasticity, cohesiveness, gumminess, chewiness& =43 c}® 1 =
A 27L& cresshead 50mm/min, chart speed 200mm/min ©] %t} hardness(7
)& first bited] 7FF =& 339 =olE forceZ ST elasticity (8H3
)2 A A 3] AR A 7Y =2 A7 Aget T oA 5a9 A
AN 7 = AR A=Y vE YER AT cohesiveness($-HA)

FooA sze] wAe A WA vAe WAew e glem mAh

i3
o
rlo

4

gumminess(ZF 24 )& hardness X cohesiveness, chewiness(*2FA])&

gumminess X elasticity &2 YEeER AT}
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HE ¢} x| =0 o ~HE23 A%l phytosterole H7Fsle] BIE & 4TolA 1w
%2 ™ Cheddar cheese= 7TColA 853+ &AsIATh o wl WE 2 Cheddar

skl e

=}

cheese?] o] n](off-taste), ©]Z (off-flavor), color, texture & #W%53% EAS 53
WO Hrietdth oA 549 A Hrte dds] Aeth(GR), Aetth4d),
BE(34), oFetth2x), uids] okttt = skslvh. s

e SASE o] &3l EAEA(ANOVA)I Ha Fox AAoz FTAAE

(28, 29)
Ak

Sh

ol
s
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A 44 Dol FARFE HUIE @5 FHULHE

A 715y 2T=2ES AT

O

L A 2 Ao}
7hoEwelE FA
2 o4ge A AFBA2HE ASBEA 9ol FA(evening

=~
primrose oil : EPO)E (F)Y & A eFoll A Al rbol AFE31H AL, yogurt AXZE <

__4

3 dast df= (F7) WIadoelA AFetow, yogurtitTE 2 Axd
Streptococcus thermophilus®} Lactobacillus bulgaricus(CH-1, Chr. Haxen's Lah,
Denmark) & 3t 55 AH&-3F At

L Al oF
T o ZdUz"HE AAE A FFHAQ f-cyclodextrin(#-CD)(Nihon
Shokuhin Kaku Co. Ltd. Japan)< AF&3stAth AW AHS 918 AH83 isoamyl
alcohol¥} HoSO4= Yakuri Pure Chemicals Co., Ltd(Osaka, Japan)& AF-&3l1 0.1,
A (Standard  curve)s AT flste] =& 99%A =4 cholesterol¥ 5o

—cholestane sigma(St. Louis, MO. USA)oll A +38+4

Afel FAY FEE AW Gergend o SR oW, o Ay
U5 2T} 90% &4F 10mes A Al(butyrometer)ol] @3 $-f+ 10mé9} isoamylalcohol
Fo. QxtE5o] B &3] = uj7bA

IneE H7tekslem aswleE f278& =i A

_1>4
>~I

42 F 60C water bathol 15%3F A=} th

1,100rpme] &£E= 527 94
2] 3 & 60C water batholl 5%3F A% & Eolg WS tjulo]y & o] &3}9]
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U 79 ZH2EHE AA
ZH~HZS FFa7] 9ste] B-CD 1%E 5ol H7bsta wykEE 800rpm,

WHFSE 20T, WHRAIZE 10R082 F7S w39 stirringdtAith ZFEAHE0] &

th gugkolx FAGFE FUME LT EES Alx

AR AZRE Y3 TZFed 1% -CDE Yo ZHE2HES AA & 50T
oI5 EPOE 2, 4, 6, 8 10% Hl&= H7lste] 1000psis o= 4 i3t ol &
40Col A skim milk 3.7% <} starter culture 0.02%% % 7}8 3 incubatorel ¥
43CoNA 6AIZE st EAZ F 10TCA sHF &<k eH83} &kirh. 1§ 4Tl
A AgErgom® Az Fig. 69 2k

] Raw milk | SKim milk
J J
Pasteurization
Starter
(72C, 15sec)
J J
Cooli Incubation
oolin
£ (43C, 6hrs)
J J

Treatment of f-CD

Cooli
(10T, 800rpm , 10min) ooling
. ]
Tigat
Addition of EPO Staobl ization
(10T, 24hrs)
; )
Homogenization ,
° i Storage (4C)
(50°C, 1000psi)
{
| Cooling(40C) \
J

Fig 6. Schematic diagrams of yogurt treated with B-CD and added

evening primrose oil
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ek

MeeE AR 9 SFS 18mE F E%3 T phenolphtalein €9 0.5ml2

2

7vete] & E3etal 0N NaOHZE # A4 stdch A Aol AF&3 NaOHe ¥
ogstegFo 2 JERNQ(In¢ 0N NaOH = 0009¢ lactic acid)®’, pH= pH
meter(Sartorius, Germany)Z ©]83t] ZA g},

2]

np A Abst s 54

A

X WAF3} & (thiobarbituric acid value : TBA)7F= malonaldehyde%S =43
2@ 2232 malonaldehyde= Ao 2 wAlsl= ubgo] AR R AIAEM 2w
o z7] AstANA A3t ARg FAsH: Fad o aT=2E 1IME
Awksto] glass centrifuge tubeo] ¥ 9mle] 15%(w/v) TCA, 0.375%(wt/vol) 4,
6-dihydroxypyrimidine-2-thiol, Z22]3 0.25N HCl& 713t & &3k & 158 &
o} water batholA] boiling 3FGth ¥H&AS FHA] A2(200C)ez2 Yzhs &
7.000xgol Al 1583 QAR skt YA & F93F pink-yellow color’d& <)

S do] 53BnmellA] FHEE SAsY Y.

v}, Cholesterol % &4
1) GCHHEES f3 Als

Yogurt 1lg< screw cap tubed] ¥ il ImdWHEFE 2 (5a-cholestane 1mg/ml

=~

99.8% ethanol)@} 5m¢ 2M ethanolic potassium hydroxide &8 #7108 & =
E3etarh 65ColA 305 E9t water bathol A A3HPE F Lo WA
v}, 283l 5m hexane® 5mle] distilled waters %713l cholesterolS F%3+%
oun o] 43] WHESIGTE FENE TEIEAI Wi 40TAA R EFHTIZ
=271 & 1ml hexaneol 9] microtubed] H #Had o,
2) GColl oJ3 A=k W

N s th&o A GCol injectiondle] cholesterol®] A &
t}, EX o] AF8-% GC+= Donam Instruments, INC, Seoul, KoreaZ A

split injector®} FID(flame ionized detector)’} F2F&o] 9Jon  column
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30mx0.32mm LD.x0.25¢m file thickness®! cross-linked 5%phenyl methyl silicone
fused silica capillary(HP-5)& AF&-3}4th Carrier gas® NoZ 2ml/minAt-£-31% 0
™ airv 300m¢/min, Ho©= 30m{/min 23] auxiliary gast™ NoE 28ml/min T3}

. A2 split ratio= 1: 5002 AN EE 7IAY FHFE 3BTCAA =4

N

stglom, FUT 5= 2710C, A=7]9] 2%+ 300C=E At 22

P — QIR

A

A

Z 200ColA 1#1F WFE 5 &9 10CH dsAA 300CE &9 5 2081t

e

o
4

39tk Cholesterol} cholestane M5 A|7to] wpebr] FE =W, 7hz}o]

Aol ols] A sheln.

Table 10. Instrument and working conditions of cholesterol analysis

by gas chromatography for milk treated with B-cyclodextrin

Instrument Donam Instruments, INC, Seoul, Kor.
HP-5
30mx0.32mm X 0.25um i.d. cross—linked 5%
Column ... - .
phenylmethylsilicone fused silica capillary

column
N2 (2mé/min)

Carrier gas . . .
Hydrogen gas 30m¢/min, Air gas 300m{/min

Oven temperature 2007C/11min—3007C/20min
Injector temperature 270TC
Detector Temperature 300C
Detector FID

A &7)17¢ B¢t Lactobacillus bulgaricus and streptococcus thermophilus 31t
Fol 245 93 BCP plate count agars 5559 £¢3sle] 7149 & autoclaveol
ol 121CellA 1583 EiEAIAT 3AA12 @ F2ES petri dishell InlE B2
$ 40T agarg HFol dd3tA HAAEE sttt 1AZF F incubatorel %o} 36T

. - 3
% #S countingdFa o,

N

ol A 72X 7} vl kA
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o} 4

!

=4
A& Bostwick consistometer(CSC scientific company, INC.)S Al-&3te] &4

SFATE 100ge] A&7 123 ol &’k Ad(em)e SAs8tel 49 Ax= 33l

AArS A BA87] 98te] Deeth 599 WS ol &gl on g 4%
S A8 Addyebd o2y 2l Alumina 19.2g0 SRF5 0.8mE ¥ 29
2 AolE F 2A3F E¢ WAste] B2 AZY 2T E2E Il test tubeol ¥
il ethyl ether 5ml, 4N H.SOs 0.1m¢, sodium sulfate 25gS A#H = o] vortex
mixing § 2417 WA AT} o] &d hexane SmlS E£33F9] vortex mixer® £
3§ 200xglo 2 587 AR 9t Small glass chromatography columnol
glass wool& ¥il %4 alumina 1gg YAk HolA wHE0]x &HE small glass
chromatography column(D : 5mm, length : 15cm)o] E#FAth. Hexane-diethyl
ether(1:1 v/v) 5mS o] o] #A4& 23] WESATE Aluminas T F 10ml test
tubed] =71 $ 6% formic acid®} diisoprophyl ether 1méS 7183t Aol A
200xg 2 587 YAlE2 3Fe] microreaction vesseld] EZFEG oM, o]F AP Lo

2 3o GCE A3t Gas chromatography(GC)e Z71& Table 110149} 7to]

At
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Table 11. Instrument and working condition for quantitation of free

fatty acids in yogurt by gas chromatography

Instrument Donam Instruments, INC, Seoul, Kor.
HP-5
Column 15m X 0.53mm i.d. Nukol fused silica capillary
column (Supleco Inc., Bellefonte, PA, USA)
Helium @ 37ml/min

Carrier gas . . .
Hydrogen gas 37ml/min, Air gas 300ml/min

3min/130C
Oven temp. . . . .
9min/130C—53min/220TC
Injector temp. 250C
Detector temp. 250TC
Detector FID
3. s

FY2HZS A

)
ol

fol etolt

EE 4TCoA 16¥ &t AAstHA 3d A S 2 yogurt flavor, off-flavor, yogurt

ofN

AHrE 2, 4, 6, 8 10% H&=2 H7Me 872

taste, off-taste, rancid, bitter, viscosity, overall preference 5 &% 5A4& A3}
71913 s AALE AAlskth #edstede FHE #eAad 108 Ao
Akl skt w52 549 A WUk 5HMOR son HeAbel A o]
721 A3= SAS programe ©]&3le] FAREA(ANOVA) % Duncan®] th Hel 7

A3 Hxfrolar ARow BA Agstdep® @,

e
i1
i)
2
o
>
>,
oo
%
i
jue)
offl
d
rlo
I
N
ol
o,
wn
ke
]
Q)
wQ
=
K
)
Q
g
&
2
=}
]
Q
=
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\]
g
=)
i)
il

THs=AEATAAN Pt dFAT dUARE ol HETke AR =
5

rO
2
ofy
o
[
—_>‘4-"4
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o
i
o,
Al
2
N
L
N
o
=
>
o
juleA
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38
oo
>
>,
Ho
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o
rlo
ot
fo
[N}
—_
+
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AEAGN A Zh7E @ kel H E|Rlel s WA ARk vl A sho] AR§ahsit.
2) Sprague-Dawley 2] Al&
FY2HE X7 =713 8F E¢F BXE ratol casein, nitrogen, corn starch,
beef tallow, sucrose, cholesterol, cellulose, mineral mix, vitamin mix, cholic acid,

DL-methionine, choline bitartrate’} 3% o] 21i= high cholesterol-high fat diet

—~

TYTEATEATHE FE Yol FHzEE FA S o) Foll= 8F &
QF casein, corn starch, sucrose, cellulose, salt mix, vitamin mix, DL-methionine,
choline bitartrate”} E3Hd rodent purified dietE E5F Wolal 15 6ufa]s 4 U3

Ak el QTEE ImE EFehe] HAANAD, YA AEE 6rks 9 93

-CDA#sle] 10%9] EPOE #7718t ST 2E 2nE E3sto] HAFAAAOCH, AlE 9

17

42 Tables 12, 130 ®7]8kdvh 12]a &5+ Fmas A AFAAAH

3) FHlzHE 4
A T T FUzHE =9 HDL-Ze2EE, 4944 555 o 55 o a4
oAl FAeIth. ¥ Fdl=HlE, F4%14, HDL-cholesterol> A8kl Ag-4371(Olympus
Au 400, Japan)E ol--ste] RIAE o 717y S5t
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Table 12. Composition of 40% beef tallow modified AIN-76A purified
rodent dietwith 5% cholesterol and 0.5% cholic acid

Ingredient g/kg
Casein, high nitrogen 200
Corn starch 150
Beef tallow 400
Sucrose 95
Cholesterol 50
Cellulose 50
Mineral mix® 35
Vitamin mix” 10
Cholic acid 5
DL methionine 3
Choline bitartrare 2

! AIN-76Mineral mix (g/kg) : CaHPO,; 500, NaCl 74, K citrate monohydrate 220, K>SO,
52,MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6, Cu carbonate 0.3, KIOs 0.01,
NaxSeOQy - HXO 0.01, CrK(SO,) - 12H»00.55, Sucrose 118.

’AIN-76Vitamin mix (g/kg) : thiamin - HCl 0.6riboflavin 0.6, phydoxine - HCl 0.7,
nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin 0.02,cyanocobalamin
0.001, retinyl palmitate 0.8, DL iu-tocopheryl acetate 20, cholecalciferol 0.00025,
menaquinone 0.005.

Table 13. Composition of fatfree AIN-76purifieddiet

Ingredient (%) g/kg
Casein 200
Corn starch 150
Sucrose 550
Cellulose 50
Salt mix* 35
Vitamin mix” 10
DL-methionine 3
Choline bitartrate 2

'AIN-76 Mineral mix (g/kg): CaHPO,; 500, NaCl 74, K citratmonohydrate220,K.SO4 52, MgO,
Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6,Cu carbonate0.3,KIOs; 0.01, Na:SeO; -
H:0 0.01, CrK(SOy) - 12H.O 0.55, Sucrose 118.

2

“ AIN-76 Vitamin Mix (g/kg): thiamin - HCl 0.6, riboflavin 0.6, phydoxine - HCI
0.7nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin0.02,cyanocobalamin
0.001, retinyl palmitate 0.8, DL u-tocopheryl acetate 20, cholecalciferol 0.00025,
menaquinone 0.005.
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A5 A dtol 2 FARE H BT FU2HE A
715 Chaddar cheese®] 9

1. As € 34
7h Am ® A oF
1) @go]d Z£xH(evening primrose oil:EPO)
2 OAES 3 g% Zdzd"HE Ast 22 dutolE FAf(evening

et

Olt

primrose oil : EPO)&= () -5 A| oA Al-ggko} AL&-

2) Cheddar cheese
Cheese AZE 3 Zo3 dfe (57) WA F+UA LM, cheese
TFE HZ274% % mesophilic lactic starter culture (R-703, Chr. Hansen's
Lab., Denmark)®} &35 938l rennet (Standard Plus 900, Chr. Hansen's Lab.,

Denmark) S AF-&38FA o)

3) ZH=HE A
7 T ZFU=HE AAE S8 AHE FFAE [i-cyclodextrin(@-CD) (Nihon

Shokuhin Kaku Co. Ltd., Japan)< AF-&39

®

2. lzéul-qﬂj

7h R Ag

AEe AxE 98 dFE G 2ol Aystdh. Afel 36% FAWe]
s Aol 10% B-CDE H7F & & W& =
]
ol& A FelAHES AAT Aol skim milket £33kl 1,000psi ¢HE o2 It

A ® 5 19 Cheddar cheese?] Y842 A 239t

>
N

10% F<F H2]sle] cholesterol A|A ¥ 166 x g9 =2 ¢4 EZ3ic}
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1}, Cheddar cheese®] #|zx

Agld Lo EPO 1, 3, 5% #H7Fsk 3 1,000psi 8oz #A4sAT). o]
A4S X= vatd] ¥ 257} 32T %43dto] starter cultureE H7HLA 2
0.004%)3te] 17 AojFm 303t WAEATE 10% CaCly (0.03%)¢} rennet

0.019%= H7FE F 40~50:23t AAstaih. A= A4ds] g45d dddd §

\°
N
—_
et
=)
)
>
rE
Olr
=

05
3 5 7=k 20%E tES o,

stk 7 ¥ QA 372 e AF LAl 70N SAAAGS 6,

] Raw milk | ] Curd cutting \
l
Pasteurization Whev drawi
ey drawin
(72°C, 17sec) Y g
!
| Cooling | | Cheddaring |
!
\ Cream separation | \ Curd milling \
| (B-CD, EPO)
Homogenization .
o . Salting
(507C, 1000psi)
!

Reconstitution of cream . .
Pressing (overnight)

with skim milk

i

| Starter | \ Vacuum packing \
i

| Rennet | | Ripening (7C) |
!

Fig 7. Schematic diagrams of Cheddar cheese treated with B—CD and added
EPO
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o A4

A4t AP AW FFL A (Gergen)WH oz A9} 90% 3

O+
o
o

AF 10mE FA Al (butyrometer)oll 231 A7 10ml ¢} isoamylalcohol 1méE 3 74k

T aAFvAR fFAAE Ha A2 fdAEe] BF g8 2 wpA 4

60C water batholl 1587 A3t} o] AS 1,100rpme] == 5837 94

2] ¥ % 60T water bathol 5%+ AA & Lejd A& dHupolrE o] &3}
A

o},

FE
Az

I (Kjeldahl ), 24 (Soxhlet’s

2 ¥4} 8} % (thiobarbituric acid value : TBA)Y: malonaldehyde%& 7%

8 4% & malonaldehyde= Aol S FAsHE= WhSo] ARz AAEE
ol %x7] AkstadAd A Atsl AeE A4S T3 EFo|t)h

= 1gs A#slo] glass centrifuge tubed] ¥ i1 9mle 15%(w/v) TCA,
0.375%(wt/vol) 4, 6-dihydroxypyrimidine-2-thiol, Z@# 1 0.25N HCI& 7}38}<]
2 &3tst & 158 EQF water bathol Al boiling 3 TE HFEAS FA] H2(2
0C)e= WyZhdk $ 7000 x g oA 1587 9A4E s dAwe & 513

gk pink-yellow color & dS dof 535nmollA FFEE FH3A T

vl Cholesterol 7 @4

1) GCRBEFs A8 A8
Cheddar cheese 1g= screw cap tubed Y31 1ml WHEFEZ(Gn
—cholestane 1mg/m¢ 99.8% ethanol)¥} 5ml 2M ethanolic potassium hydroxide £

Ag AN @ F A& EFSACE 65ColA 08 B Feszd AP @
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Z AeoA WA A, 283 5ml hexane® 5 mle] distilled waters A 718}
o cholesterol& F&atom o5 43 WEEgTh FEAE T Tz
23 A0CoA A 52712 534121 & 1ml hexaneol ¥ microtubeo] X3

3]_%]\1;]_(24).

283 F2ZH (e L9 @A GCol injection 3t F#HAH| =9 A
FRAe A B4 AME¥l GCE Donam Instruments. INC, Seoul, Kor.
24 split injector®} FID(flame ionuzed detector)”} F2F&E o] o™ coulmn<
30m x 0.32mm ID. x0.25¢m file thickness 91 cross-linked 5% phenyl methyl
silicone fused silica capillary(HP-5)& A}-&-3t3th Carrier gas® No& 2m{/min
A3 2™ air= 300md/min, Ho= 30md/min 18] 31 auxiliary gasi= NoE 28ml
/min TY3FATE A5 9] split ratior= 1 : 5002 ZHE3gon RE VA9 FHF
2 3BCAA FAsA. T =55 270C, #HE719 &5+ 300C=2 A4

Ak 2R S Hx 200CAA 18 wWFE & 29 10CH dsAA 300C=
2393tk Cholesterol ¥} cholestane ™5 Al7tol] ulefr

w5, Z47he] wmAam e os) A skl

tfo —.~
ry
o
S
[i{u:
:{o

g4 alumina 192gS SF7F4 08mldl Y2 FlTdiz Ao 243t
Z 1g& test tubeo] ¥ ethly ether 5ml, 4N H>SOs 0.lml, sodium sulfate
25gS AdlZ Yol vortex mixing F 2A1%F WX 5l o] & Mo hexane Sml
S &3%38e] vortex mixerdte] 200 x g oA 5EZF 9AEY FAUth Small
glass chromatography column®l| glass woolS Y1 &3%4 alumina lgo Y
o} Yol TEW fME small glass chromatography column (ID @ 5mm,
length : 15cm) o &8 Fth hexane-diethyl ether(1:1 v/v) 5ml& Fo] o] 3}

AL 23] WEEYGT aluminaE® ¥ £ 10ml test tubeo] &7 & 6% formic
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o
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acid®} diisoprophy ether 1ml<S 3 7133 5
E2 3o micro reaction vessel o] EFd oW, o] AFgAoZ o] GC

2 BAsgn,

Table 14. Instrument and working condition for dissociation of free fatty

acids in cheese by gas chromatography

Instrument Donam Instruments, INC, Seoul, Kor.

Column HP-5
15mx0.53mm i.d. Nukol fused silica capillary
column(Supleco Inc., Bellefonte, PA, USA)

Carrier gas Helium 37ml/min
Hydrogen gas 37ml/min, Air gas 300ml/min
3min/130TC
Oven temp. 9min/130°C—53min/220°C
Injector temp. 250C
Detector temp. 250C
Detector FID
oh 24 54

Azel  AZE 2m  AFE x 2m ¥R FHIEHTL SUN
Rheometer(CR-200D, Sun Scientific Co., LTD., Tokyo, Japan)& A}-&3}¢]
hardness, elasticity, cohesiveness, gumminess, chewiness& =43 9c}® © =
A Z7L crosshead 50mm/min, chart speed 200mm/min ©] %t} hardness(7
T)E first bited] 7FE =2 H3Z9 FolE forceZ AT} elasticity (B
A AR 29 AEHAA 7P =S A7 Age F A 9] A
o] 7 = JA7kA e A”le vlE YeR St cohesiveness($-HA)
FoRA v=ae wAE A dHA vlae] WAow Uswe grow FEASHA

d)

rlo

rlo

gumminess(ZLF24)&  hardness X  cohesiveness, chewiness(# #4d)&

gumminess x elasticity & & e AT
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x| Zo EPOE 78t 7TColA 853F 4383 th. ©] Wl Cheddar cheese

4

AMer Brbetdu. ¥eA 54 A= Wb dids] AR, BE A
shth6d), o7k Aetth(5E), HEO|tHAA), oF7F <kath(3%), BB okatri(2Ad),
el okstth(1d)® stdth ek overalle thoha ETHT), WEo|th4), wo-
AR YERT. B AAIE de ATe] BALS SASE o] falo] BALE
A(ANOVA)T H A &3 ARz B g stdup® 29

[
o

9] rancid, bitter, cheese-flavor intensity, off-flavor intensity, 5 #%34

7l &F 167t

il
oft
[V
rlo
D
(@)
l
~J
a1
R
(it
w
!
=
Q)
Q
ey
i
)
Q
g
(@}
<
w
)
of
4»

50£109%% A5t om Were 1247 (07:00-1900)4%5 & AN sger 2tz
@ el sElels B A% Aol WAste] Agatdch 8 AAE 8]
ol FEES 1243 Tt 45 st YR 5-E 156mge €% samples &

oF. 2] Al 3000rpm 102 &9 94 Z2e & 24T wzbA 20Tl Ag

2) Sprague-Dawley 2] A&
EE 2lo]¥ American Institute of Nutritiono] 93] 3% A5 2 A3}
Ao FH2EHE FA7F 7k 557 st EE HE| A casein, nitrogen,

corn starch, beef tallow, sucrose, cholesterol, cellulose, mineral mix, vitamin

rr

%

mix, cholic acid, DL-methionine, choline bitartrate’} 33 %] o]

high-cholesterol, high-fat dietE& SENA wolgtdn Zax~HE X7}

o|\

bl

7
gk o] Fol= 65 &<t TN grouplE o] control RENA Fd ~H Fo|
AAEA %L Cheddar cheese 0.5g/daysS Z¢3te] casein, corn starch,

sucrose, cellulose, salt mix, vitamin mix, DL-methionine, choline bitartrate”}
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Cheddar cheese 0.5g/days &%3}o] fat free dietE HoIstA T A<

Table 15, 169 #7|atlvh. 28 S4= 5ieE AFAd3 AR

Table 15.Composition of 40% beef tallow modified AIN-76 A purified rodent
diet with 5% cholesterol and 0.5% cholic acid

Ingredient g/kg
Casein, high nitrogen 200
Corn starch 150
Beef tallow 400
Sucrose 95
Cholesterol 50
Cellulose 50
Mineral mix* 35
Vitamin mix” 10
Cholic acid 5
DL-methionine 3
Choline bitartrare 2

! AIN-76Mineral mix (g/kg) : CaHPO,4 500, NaCl 74, K citrate monohydrate 220, K»SOy4
52, MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6, Cu carbonate 0.3,
KIOs 0.01, NasSeO4 - H,00.01, CrK(SO,) - 12H,00.55, Sucrose 118.

2AIN-76Vitamin mix (g/kg) : thiamin - HCI 0.6riboflavin 0.6, phydoxine - HCI 0.7,
nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin
0.02,cyanocobalamin 0.001, retinyl palmitate 0.8, DL a-tocopheryl acetate 20,
cholecalciferol 0.00025, menaquinone 0.005.
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Table 16. Composition of fat free AIN-76 purified diet

Ingredient (%) g/kg
Casein 200
Corn starch 150
Sucrose 550
Cellulose 50
Salt mix' 35
Vitamin mix” 10
DL-methionine 3
Choline bitartrate 2

'AIN-76 Mineral mix (g/kg): CaHPO4 500, NaCl 74, K citrate monohydrate 220,K2SO4
52, MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6,Cu carbonate 0.3, KIO3
0.01, NasSeOs4 - H»0 0.01, CrK(SQ4) - 12H:0 0.55, Sucrose 118.

2 AIN-76 Vitamin Mix (g/kg): thiamin - HCIl 0.6, riboflavin 0.6, phydoxine - HCI
0.7,nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin
0.02,cyanocobalamin 0.001, retinyl palmitate 0.8, DL u-tocopheryl acetate 20,
cholecalciferol 0.00025, menaquinone 0.005.

3) ZaxHE AH
8% % Serum high density lipoprotein(HDL), Serum triacylglycerol(TC),

total cholesterol(TC)E Z+Z} 743t on Tt Aoustu Fogtafo] <] F

=2 & Zdx"HE 5748 kit(Fuji DRI-Chem

I
=

skl SA4sdiv. & =9
slide TCHO-PII, Fuji Photo Film Co., LTD, Kanagawa-ken, Japan), HDL-&
d2H &2 HDL-ZFd2HE 4% kit(Fuji DRI-Chem slide HDL-C-P, Fuji
Photo Film Co., LTD, Kanagawa-ken, Japan), =AXZ& Z=A4x2d =AE&

kit(Fuji DRI-Chem slide TG-P, Fuji Photo Film Co., LTD, Kanagawa-ken,

Japan)E& 717t Abgste] SA AT
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A 6 2 Gamma—linolenic aicdE 7}t @5 LHE

1.

At 7157 HEol #e A+

Az = Y

7hAd AR

1) Butter
ButterE #|z3l7] flsteo] f-A ghako] 3629 AH S ()2 olA A5 wiokth

2) =" E AA

A9 59 cholesterol AIAE 918t AM&H F 2 A= [-cyclodextrin(Nihon

Shokuhin Kaku Co., LTD, Osaka Japan)S Al&3dx dF5 ZF2d"HE A5

71’5

5% 7}4 GLA(v-linolenic acid)E (F)L% Aol A A& vk},

2. 43 WYy
7}. butter A ZF

=

s

O

o

Butterd] A% &4 Fig. 84} ow T4 AL A3z dolrd th
3 2o AYLe 22 Yo B-CDE A3 wEe B-CD HeEs A
GLAE H7Fgk wE], 28lal obf 3l H7kskA &2 HEHE dx72 Urdd
10% B-CD A& E st FUzHES AAS 2 &=

)
o
_O‘L
il
off

o

4 4 1% GLAS 37 MY churndl ¥ 8~10C=

2 churningstcth HE A7 AAAEE By = HE2 ¢F 103 3d A
% churningS 9331 BEHYIE wjESAT wEA7 FvE Yztes y
=9 w23 FAE Stk HE gAE BobA HE &9 o] ¢
WA 22 Aol 7EA WE FTH 1%2 7FY &tk WES S Yol =Yy
e ¥ A Egste] 20T oM WE waergoh®
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| &

Cream il
| \ Draining of buttermilk |
Pasteurization !
(80T, 15sec)
| B-cd \ Washing \
Stirring !
(5T, 10min, 400rpm)
| Salting
(1%)
Centrifuging !
(20C, 10min, 1200rpm)
| \ Working \
\ Removal of cholesterol | {
| \ Packing \
Aging |
(24h)
Storage
GLA
! (-207)
Churnig
(8~107C, 10min)
Fig. 8. Schematic diagram of butter treated with fl-cd and added GLA
15 T e e s
Aot 2P HAL FHS AW (Gerber) W oz =43t 90% 3
AF 10mE §A Al (butyrometer)dll 23 =8 10ml¢} isoamylalcohol 1mlES A7}
22 dAtEo] BF &3 2 uwrkx] & A
2 A%t 1,100rpme 22 583 4AEE
¢ oweld At eloldg o ek 24

dgom nRuAZ $A4/AE S

A
% 60T water bathell 15
% 60C water batholl 5

Kol
3k
ST}
o}, gukgE 24
UIE B oz SH FR x
) o] glom o] AOAC W@ uwigkt}
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2t A7}(acid value)

HEE 3g< 200ml 4FZtEe 20 #ato] ether ethanol & 3-89 20~40ml
< 7heted bds] mAdnh ol 7)o 1% phenolphthalein &9 2~3W-&8& 7}3fal
0.IN-KOH ethanol &4 o2 4143 27dagirt. &oo] ngHow 3x3F A&
fg Fegoz g

(Vi-Vo)x5.611 =F
A7t =

S
Vi o 2 A8 0.IN-KOH €94 AA AH] = (ml)
Vo @ & A8 0.IN-KOH &9 AA ZH]Z(ml)
F : 0.IN-KOH &9 <7}

S AR AHFFH(e)

u}. Thiobarbituric acid (TBA)

i)

TBA7}M= malonaldehyde®& 24 28 =22 malonaldehyde™ AF9)#
E HAste whgo] BAER AW, Ao 7] AstdAdA Abs ArE
SA3e Fask Edolt. WY 1gs HH3to] glass centrifuge tubed] il
9mle] 15% (w/v) TCA, 0.375%(wt/vol) 4, 6-dihydroxypyrimidine-2-thiol, ~Z&]
I 0.25N HClE 7tsle) & £33 & 158 $9F water bathell A boiling 3+ th.
RS HA] A(200)e2 W¥Zhe T 7000 x g oA 15%3F AR S

o}, dAEY 3 E93 pink-yellow color 44 HE o] 535nmolA FHEE

v FY2HE B 4

1) GCHZFS 913 A=
HE 1g2 screw cap tubed] ¥ 1ml WHFEFE 2 (5a-cholestane 1mg/ml
99.8% ethanol)®@} 5m¢ 2M ethanolic potassium hydroxide &< #H71® & =

2 Eaa ol 65Tl A 302 Eot ez A 3 3 Ao WA A

_75_



-

o}, 283 5ml hexane® 5mle] distilled waterE #7}sle] cholesterolS F&3
Fom o5 43 HtEEAY. FEANS T T Y 40TAA #Y &
712 Z2A17] & 1ml hexaned] %] microtubed] R#Hatci?

=
=

2) GColl <3 d=F Wi
283 2= 1 wE thL9o ZAA GCeol injection 3t cholesterol®] &

ol
3R

=] (e}
FEA S A4

e
Kor. ZA split injector®} FID(flame ionized detector)”7} #2txo] Qlom

Ao Abg¥ GCE Donam Instruments. INC, Seoul,

A

column< 30m x 0.32mm ID. x0.25um file thickness ¢! cross-linked 5% phenyl
methyl silicone fused silica capillary(HP-5)& AF&-3}3t}. Carrier gas® No& 2
m¢/min AFE3FR o™ airs 300m¢/min, HoE 30m¢/min 18] 3 auxiliary gass
NoZ 28ml/min F43tA . A1 59 split ratios 1 : 5002 zAstqd o

1A e frgFe HBTAA FAHsAT. T 2= 270C, d=719 2%+
300CZ AAsA T Columne & 200CoA 183 HEE T 9 10CH 10
B ASAA 300CE &d F 2083 FA8h CholesterolZ}t cholestane
< HEFE ARl wEbA R EE, Zbzbe] ga Aol o] AwHEA skl

Tablel7.Instrument and working conditions of cholesterol analysis by

gas chromatography for butter treatedwith B-cyclodextrin

Donam Instruments, INC, Seoul, Kor.

Instrument
HP-5
Column 30m X 0.32mm X 0.25um i.d. cross—linked 5%
phenylmethylsilicone fused silica capillary column
) N, 2ml/min
Carrier gas . . .
Hydrogen gas 30ml/min, Air gas 300ml/min
Oven temp. 11min/200C—20min/300C
Injector temp. 270TC
Detector temp. 300C
Detector FID
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A}. Rheological property
Butter?] Z7]1E  2m AE  x  2em  =o|E  FH[FYY. SUN
Rheometer(CR-200D, Sun Scientifis Co., LTD., Tokyo, Japan)S A}-&3}o]

A\

hardness, elasticity, cohesiveness, gumminess, chewiness& =% 7 A=
A 27L& cresshead 50mm/min, chart speed 200mm/min ©] %1t} hardness(7
2)E first bited] 71 & 939 EolE forceR 349t} Elasticity (8H3
) A A g3 AR A 7Y =2 A7EA Y] A et F A 3] A
LA M =2 A7 Ao vl2 Yeh Al Cohesiveness(8-3]/d)2
F A ¥z WAe A HA ¥z WAHowr s Fgow FASACL

Fl

Gumminess(ZZF+ 2 4)& hardness x cohesiveness, chewiness(*%#4d)2

gumminess x elasticity & & e AT

o}, ¥

=)

SHAL

ZH=HES AlAs GLAE #7Fe HEE 4TelA 0, 2, 4, 6, 8F &<
AAstAA AA7)F Fet BlE 9 texture, color, rancid, bitterness, acidity,
greasinessE 7AW R HIIsIAT #54d 5A-9 Ax Hre dids] Asu(7
), BE(43), gds] oFetrh(13)® stk AEE AAbAE 7HE £ A

o
) M 82 AGHer £AME Wi ds A4 292 £dd a9

=]
v/

2

108 dEste] Aafel datden #AsHax=z A
program< ©]&3}o] #4HE4(ANOVA)Z Duncan®d 4
7-(1 Fq —5‘}—3}]\ T;]-(ZS’ 29).

rlo
4o m
o g
o
M
1%
rlo
)
>
n

2 dE ZUAHE A 7les A% 8 AE

DAY EE 2 A% 47

E T E=AAAT AN FYste] dFAR ARARE Holw A$7]3S
AA = st AFol dAHer Hatol 77bE W Aol AT ASEAE S



o

AAN G AN 217h & vl sEQlel s B ARl WA se] A%

o,

o

ol
s
32

2) Sprague-Dawley 2] A&
FH2"HE FH7F FTUMelE 657 <9 EE ratoll casein, nitrogen, corn
starch, beef tallow, sucrose, cholesterol, cellulose, mineral mix, vitamin mix,
cholic acid, DL-methionine, choline bitartrate’} *3%¥o] <d+= high

cholesterol-high fat diet(F Y S =AIATA)E Hol ZY2HE FA7F 7

Table 18. Composition of 40% beef tallow modified AIN-76A purified
rodent diet with 5% cholesterol and 0.5% cholic acid

Ingredient g/kg
Casein, high nitrogen 200
Corn starch 150
Beef tallow 400
Sucrose 95
Cholesterol 50
Cellulose 50
Mineral mix' 35
Vitamin mix” 10

Cholic acid
DL-methionine

Choline bitartrare

! AIN-76Mineral mix (g/kg) : CaHPO,4 500, NaCl 74, K citrate monohydrate 220, K»SO4
52, MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6, Cu carbonate 0.3,
KIOs 0.01, NasSeO4 - H,00.01, CrK(SO,) - 12H,00.55, Sucrose 118.

“AIN-76Vitamin mix (g/kg) : thiamin - HCI 0.6, riboflavin 0.6, phydoxine - HCl 0.7,
nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin 0.02,
cyanocobalamin  0.001, retinyl palmitate 0.8, DL u-tocopheryl acetate 20,
cholecalciferol 0.00025, menaquinone 0.005
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Table 19. Composition of fat free AIN-76rodent purifieddiet

Ingredient (%) g/kg
Casein 200
DL-methionine 3
Corn starch 150
Sucrose 500
Cellulose 50
Corn oil 50
Salt mix' 35
Vitamin mix” 10
Choline bitartrate 2

'AIN-76 Mineral mix (g/kg): CaHPO. 500, NaCl 74, K citrate monohydrate 220,K>SO4
52, MgO, Mn carbohydrate 3.5, Fe citrate 6.0, Zn carbonate 1.6,Cu carbonate 0.3, KIO3
0.01, NasSeOs4 - H»0 0.01, CrK(SO4) - 12H;0 0.55, Sucrose 118.

? AIN-76 Vitamin Mix (g/kg): thiamin - HCl 0.6, riboflavin 0.6, phydoxine - HCI
0.7, nicotinic acid 3, D calcium pantothenate 1.6, folic acid 0.2, D biotin 0.02,
cyanocobalamin  0.001, retinyl palmitate 0.8, DL u-tocopheryl acetate 20,
cholecalciferol 0.00025, menaquinone 0.005.

3k o] 3o = casein, corn starch, sucrose, cellulose, salt mix, vitamin mix,

=

DL-methionine, choline bitartrate’} X &% rodent purified diet® =5+ Yo
I% 6vkE] HAe dY 93 cholesterolo] A AW A 2 HE 05g, = HHE 6
vhe] FHe 49 43 FelzdHEe] AE #E 05gs, WA 6vkel= GLA7H
A7kE WE 05gS EFste]l FolatAnh. AFR 9] AEE Tables 18, 199] %73}

gk eI g4E SRS ARAH AR

O

L
i
=
[
£
il
o

HAES A F 2 ZH 202 259 HDL-cholesterol, 442 &%

i
o

o TE YA AFeA SAIIT. F Zd2HE, F4 A2, HDL-cholesterol

—

& Aztet 2AFEA 7] (Olympus Aud00, Japan)E o]&3te] vAHor ZHzh =
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H 3 & A

-
I
H

A1ldNELT nABESS} o] o &
HDL-Z2H 288 ¢4 $49 A7

1. AA<se T&

2 AfdAes 2d2dHES AAT Rl VESYRTs H7 25 o
Aok 22 Bt F 55 fFAE] flste]l JEEYaES mAREE A=
I &2 Table 2038 2t} PGMS : chitooligosaccharide®] H] &2 5 1|
T AR ES] F&o] 8367%, 10 1 1Y w& 88.08%, 15 : 1¥€ 4o+ 84.84%,
20 1 19 W= 80.49% % 2™, PGMS : chitooligosaccharide®] ¥®]&©°] 10 : 1¥

Kawk £1¢] nae] oatd, PGMSS 95l asol u&e 15 : 1004
o B A% AR} vro} 728% Utk Ed Kawk

o
=
W HES core materialE ©]-& PGMSE nA <& §)

Table 20. Yield of microencapsulation chitooligosaccharide with

different ratios of coating materials to chitooligosaccharide1

Ratio (w/v)
Yield (%)

PGMS® Chitooligosaccharide
5 1 83.67°
10 1 88.08%
15 1 84.84
20 1 80.49¢
SEM 2.0

' Means of triplicate. Means within column with different superscript letter
differ. (P<0.05)

2 Polyglycerol monostearate
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= A5, 51d AF %R HAHY &5 vl olgd Aa= mAREst
&9 core material?} coating material®] FFol wel & v Lo] JTIFS T
4 5 Jdrke 2aE 2oFdan Z 594 g E fAE dirt mad b
At

2. 71ELE 139 nAfe AR

& APelM= spray gun®l nozzle®] Z7|e} 5 o4F, 5o HA
3}Al dlo]  coating material& PGMSE A}83}al core materialS 7] B2 19
< Abget mAfES Az As vAfAE ARE Fig.o 99 WER AT W
A Es FAAAARZ(SEM) o= #dst 23 #7e] it 150~200mmo]
Ao #FHAT 2 AdPdAs AF7HA EAALANA #Z2d RS size
@2~5 it A vetg=d 2 oolie PAREY AVE 2B 89 F

o] 3}l core materialdl 71 E

tlo
ofr
ilics

fiio
Ak
K
ol
lo,
juin)
ki
N
)
=
=
iy
K
2
>
__>,~L‘
L
=
)

féol B @ W 27 4TS M Aow ArHT

Fig 9. Scanning elctron miroscope (SEM) of microencapsulated

chitooligosaccharide with PGMS (x100)

3. MAAE JNESHLTS AV 79 EA

nANES VB 1TSS ZU2HE AA $SfFoll H7F & ou Hre W



, A EsHA] L VESEads FHsHEo AA" 5

Ho

>

ot

tlo

. T
&

o

o =

T 1, 15 2% ¢ H7FAl 30.27, 43.00, 49.30cps® A<} 747t
40, 57, 658 zel& Holw e 7o HEWu wlg Eol ol AE ol
A% Arbetes AL e FEE AsA7I= 23E dEdd vAfES 1,

Table 21. Effect of viscosity on different concentrations of

microencapsul-ated chitooligosaccharide in cholesterol removed milk!

Concentration

Viscosit
Treatment %) (cps) y

Control* 0 0.75%
Uncapsulated 05 3.24°
1 30.27°
15 43.00

2 49.30°

Encapsulated® 05 0.79?
1 1.34"

15 159"

2 3.88¢

"Means of triplicates. Means in a column with same letter are not
significantly different. (P < 0.05)

* Market milk stored at 4C for 1day .

3’Microencapsulated chitooligosaccharide by polyglycerol monostearate.

15, 2% #7ret = H=7F 1.34, 159, 3.83cps® aF oz F7hES 1o
T 2Eu, Table 249 #s37be] =g S4F AnE VA 549

Aol mlashd 05, 1, 15, 2% R tx79 22 Hrz Hrido] 7A4 =

d

Aoz A Skl met ARt 25 SUHEAY #eAoRs R

Aol & =714 Feks Ao yEiuth 2Ela vARE shA @2 05%9 H7t

e 388epsE 7MY AbFl e v ANET NESY TS 2% A S
o M 324cpssh M ARE BGOw PRT A HESHE Aolsh b
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L2 2 EFH(100kDao] &) ol

sy TESY :
Aow By & AAdAe mARed 7VESHIYS o H7kAlell

A Ed JIESYuds ol b & w Az WstE WUAse &
e dotr7] 98] Hunter L'(¥7]), ‘a’ (A -52) b (FA-HM)3hs S43
A= Table 229F 2t} v A &3 A5 9 L-valuex VA& o] F73h
of W} L-value® S7HgHs EAAT Alfok AR ghs e 5 Al
+© L-value7} 57=2 05, 1, 1.5, 2%Y ZSol& 717t 53, 49, 44, 4022 iz

i

Aot 2l zHE AlAS L vAglES Hre $Re 719 Fdd wU1E Y
Bt lel. 2oy vAglE oA &2 JIEEYade] As 05, 1%% 7 25,
1622 Alf9 B AolZ Holy 15, 2% A5 Mol Uit A 7A4 =
gol oFgth. VI EZH TS MAAEsA Fal SfFol HIAEA e WET}
- g = AAE B 7 AU

a-valuex 71E& Y HMHE] ol 05 1, 15 2%=2 F7Fgel| wet
ZyZy 114, 214, 244, 3192 71, vAAE 3HA] @22 7J1EEEnE e A

05, 1%9] A9+ 4.04, 5898 Hap F7tstd om, 15 2%dw= A5 9] Ao
ol E7bsstAth mAlAlE shAl ¥ AR A xR AT 0.02
oF  Zhel Aol7k AA Y= olfr: VEZE T Aol §f Lo e
B2 ol F7Hgel Wt a-value?b S7Fskal WA ES A8 Fo] F7ERHl
et a-valueZt 254 F7tste ol JIE&S2dE Aal = PGMSY 4
Fom AfFHUE ofte] A4S us AdE UEHL

b-valuex= WM& A5 AlF7F vz S YERNI D v M EsHA

2138

::‘
_ll}lv

o
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X AlgEE AT b-valueR Rt 2 S YEMYUY. S vAAES 05 1
15, 2% H7FAS w zhz 325 287, 275, 2542 7FAadteE AEgS ey on,
AE A ¥ JIESE S 05 1% H/AS vl 156, 0.798 HERA

o 15 2%% AR Mo Y ofF9 SAHo| 8738kt

Table 22. Effect of color on different concentrations of microencapsulated
chitooligosaccharide in cholesterol removed milk!

Treatment Conce;‘gatlon( L-value a-value b-value
Control® 0 5.7 0.02" 3.49°
Uncapsulated 0.5 25 4.04° 1.56"
1 1.6 5.89° 0.79*
15 NA? NA NA
2 NA NA NA
Encapsulated 05 53" 1.14° 3.25"
1 49° 2.14¢ 2.87°
15 4.49 2.441 2.75¢
2 4.0° 3.19° 2.54°
SEM 0.001 0.15 0.001

"Means of 5 replicates. Means in a column with same letter are not
significantly different. (P < 0.05)
"Market milk stored at 4°C for lday.

3Microencapsulated chitooligosaccharide by polyglycerol monostearate.

NA : not available due to too dark samples.
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59} 2t} Fig. 108 71 ELg S 7
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250l = A F7kskAl @skth 0¥l 4, 20, 30C X7 4

4.4, 44, 45mg, 10¥°lE 6.5, 6.5, 6.6mg, 15Ul 8.26, 8.2, 846mg, 202+ 8.46

8.4, 8.76mg, 25Ul = 856, 87, 9.43mge] AE HATE FTHTAA ] nAHES
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5o
Fig. 11& 7|E2eln3S vAREs s 22082 AAR Sfol 17
Sl AES FEAFE AAnGT. Thol WD AAEE Al =
9o 2

El

=; q

YEFe B 4lngo = QE}‘/,),{E A2 3dol= 4.1, 4.1, 42mg, A% 6L = 4.4,
47, 48mg, A% 9¥el+= 54, 5.1, 6.2mg, A 1291= 6.0, 5.7, 6.3mg, "FA = A
g 15Yddl = 76, 76, T4ngo =, A% 7|3bo] Ao we} J|EEE gl e
gol a4 F7F k. A% 712 109 ol Fol= SHFo Huksk A Sf
of H7tsk A 25 A 7|z wepA s 2EA FUFeAIRE 2R webA =
FiTet SRl AgE A BRE S A e AoE UEwTh

B 293l 7+o] core material?} coating material T4 v A& A A+
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Z17bEore] S@l@e AnE Bw 7 59 1374 AWAFS agare} gelatin® &
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Fig 10. Effect of temperature on release of chitooligosaccharide
microcapsules made by PGMS? in distilled water during
storage

"Release of chitooligosaccharide

2 Polyglycerol monostearate
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Fig 11. Effect of temperature on release of chitooligosaccharide
microcapsules made by PGMS? in cholesterol removed milk
during storage

'Release of chitooligosaccharide

% Polyglycerol monostearate

v Est A3 40CoA = ZF AIZPEE fE o] 5%olst WEE o] kg ol
w9 =2 Foz YEg o 60T o] ol A =20%°] 3} core materiale] W& 5 %l
i 80~100TC AgFolA= 30~40% FE¥+v AFS Hado ot A&
2 dol o3 mARes FuRstel =2 HAHAAI FEbEAEe] gaw
A2 Yela 9l =3 Magee S0 g ow

olgte] EAHYE Q3t= o= Ui vt E AFdA= A 5o A
Hjusle] v M78ES] fE W] X Qo™ o= coating material®} core material
o] EHI} = o) f Wil Row AT HETE Magee 59 Ao H=dsHA 10,
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24 vAREd RS ngR ARES A & e A7 AUk

AR F Fd5E 54 A3} Table 2337 2 ESY 0TS vANE

meh Ak Bk Sf ST AR Sk

A% R, control®] F7kSh frAME AAE molmz wAINER Qste] 7|
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E717ko] 2~6W19 AFEA7 AN Lactobacillus plantarum®F Leuconostoc

mesenteroides®] AR o] 0.005~05% ZH HA7}sk A3 A9 Aepx ¥

Table 23. Bacteria growth in cholesterol removed milk added by
different concentrations of microencapsulated chitooligo-

sacchsaride during storage at 4C for 15 days

Treatment Concent Storage period (day)
-ration 0 3 6 9 12 15
(CFU/mg)
Control 0 1.1x10°  1.1x10°  1.7x10°  1.8x10° 1.8x10° 1.9 x10°
0.5  11x10° 1.1x10° 12x10° 1.3x10° 1.6x10° 1.8x10°
Uncapsulated" 1 12x10°  1.2x10° 1.4x10° 1.4x10° 1.7x10° 1.9x10°

1.5  1.1x10° 12x10°  15x10° 1.8x10° 1.9x10° 2.1x10°
2 1.1x10°  1.6x10°  1.7x10°  1.9x10°  2.0x10° 25x10°

05 13x<10° 0 0 0 0 X

1 12x10° 0 0 0 0 0

Encapsu-lated 15 1.1x10° 0 0 0 0 0
2 11x10° 0 0 0 0 0

"Microencapsulated chitooligosaccharide by polyglycerolmonostearate.
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ZzHES AAT FRed NEEHLTS mAREste] HAg ARt
nAA g shAl Sar H7RA Adit Al E dEzd o F7]Zbell whef n) st
Table 249 HeERHATE

n AW E Al B oh(astringency)2 V[ AAES FE7F SO E Al
oA AtolE wolA wgkom AR7|to]l Ayt W2 shel Wik Ao #
ZEA eFotvh. aHu AR E 2969 FRolA = 05, 1, 1.5%°] Fikeel HaLst
of Wazte] Hlad £A =AA= AxRE Yt mAfEsA F2 TR
aFe FArpdE VEEYade] 27t Svtdes W2 gt A=t S
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Table 24. Sensory scores of cholesterol removed milk containing
microencapsulated chitooligosaccharide at 4C for 15 day
storage1

Micro- ..
Sensory description

Treat- capsule Storage

_ period
ment GRE" day)

%) Astringency Bitterness Color® Off-flavor Viscosity Overall

0 4.0° 4.0° 4.0° 4.0° 4.0° 4.0°

3 4.0° 4.0° 4.0° 4.0° 4.0° 4.0°

Control 0 6 4.0° 4.0° 4.0° 4.0° 4.0° 4.0°

9 4.0° 4.0° 4.0° 4.0° 4.0° 4.0°

12 4.0° 4.0° 4.0° 4.0° 4.0° 4.0°

15 4.0° 4.0° 4.0° 4.0° 4.0° 4.0°

0 49° 5.0° 5.2° 4.1° 4.7 55™

3 48 4.7 5.2 4.1° 49" 55%

Uncapsul 05 6 5.0° 49° 55° 43" 49" 55™

-ated ' 9 5.1° 5.0° 5.3° 4.2° 5.4° 5.8°

12 AT 49 5.4° 43" 49" 5.0

15 5.2° 5.2° 5.4° 4.3° 48" 5.5™

0 58" 55" 59° 45" 6.1 6.3"

3 5.6° 55 6.0™ 4.6° 6.4° 6.4

1 6 5.7 5.6° 6.2 46° 6.1 6.0

9 55° 5.7° 6.3° 43" 6.6° 6.3

12 6.0 55 6.1% 5.0° 6.1 6.2

15 5.7 55" 6.2 AT 6.3 6.3"

0 6.1° 6.1° 6.5 5.4° 6.4° 6.9

3 6.3° 6.1° 6.6° 45° 6.4° 6.9°

15 6 6.1° 59° 6.6° 5.1° 6.2 6.7

: 9 6.2° 5.6° 6.8° 4.4° 6.4 6.6%

12 6.2° 6.0° 6.6° 5.1° 6.2 6.5

15 6.0° 5.8 6.4° 48" 58 6.4°

0 6.7 6.7 7.0° 5.6° 6.3 7.0°

3 6.5 6.4 7.0° 5.3° 6.5" 7.0°

6 6.7 6.7 7.0° 55° 6.5" 6.8

2 9 6.5° 64 70" 5.0° 6.8° 6.9°

12 6.7 6.6 7.0° 5.4° 6.7 6.9

15 6.5 6.4 7.0° 5.7° 6.3 6.9

(continued)
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Micro- ..
Sensory description

capsule
Treat- Storage

ment Concen- Detiod
tration ~ (day)
Astringency Bitterness Color’ Off-flavor Viscosity Overall

(%)
0 3.9 4.0° 4.1° 3.8 4.0°7 417
3 4.1° 37" 4.2° 36" 3.9 40™
Encap- . 6 410 4.0 41° 37 40° 41°
sulated’ 9 43 41° 4.0° 407 3.9° 3.8
12 4.1° 4.0™ 4.2° 4.1° 4.0° 4.1°
15 4.1° 4.0™ 4.1° 4.0 4.0° 4.0™
0 36° 4.0° 40° 3.6° 407 40™
3 4.4 3.7 4.1° 3.8 3.8 4.3
) 6 42" 4.2 41° 3.8 3.9° 41°
9 4V3Ei 4-08 4.2& 3-821 4-121 3-9211)
12 4.2 4.1° 43 41° 4.0° 3.8°
15 43 4.2 4.2 41° 4.0° 43
0 4.3° 46° 4.3° 4.1° 4.0° 45°
3 4.2° 4.0° 4.4° 4.0° 407 45°
L5 6 45 4.4™® 4.3 4.0° 417 41°
: 9 4.4° 4.0° 45 4.0° 41° 45
12 43" 43" 43" 4.1° 4.0° 4.2°
15 4.4 43" 45 4.1 4.0° 45
0 46 46 45 4.0° 4.8 4.8
3 45° 43° 45° 3.9° 41° 45°
N 6 47 4.4 43 4.0° 4.0° 4.4
9 4.7 46° 4.7 3.9° 4.0° 4.7
12 4.2 4.3 43 4.0° 4.2° 4.4
15 47 47 43 4.3 4.0° 47

! Mean of triplicates. Means within column by the same letter are not
significantly different (P<0.05).

2 Microencapsulated chitooligosaccharide by polyglycerol monostearate.
¥ Milk in uncapsulated chitooligosaccharide color is reddy-yellow.

Y The scale of sensory score ; l=very slight, 2=slight, 3=slight-moderate,

4=moderate, 5=moderate-strong, 6=strong, 7=very strong
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Lee %o nzeo 93W, PGMSE coating material® A}-83}9
L-ascorbic acid& core material2 3}¢] 100, 250ppm< $-f-o #H7Fste] 124
A = s AU A3 5dA = F9A Aol7t gl oy 89 ol el =
Astat ol HA7F a4 SIS UEhina sl 2 AdelA 15 o] Foll =
P52 Hrtell Wgto]l §li= olf Figs 10, 119] Axpel o] AR 7|3be] whe}
Al g o] el el WSty a4 @7 Wil vAfEs JAbE AR #s

7. TE A9
JIEgyudo] FE FHzHE o] vl JFS dES] fsko
high fat diet® 853t A3t 8F3F rodent purified diet®} "A| &3 7| ES
gug FezeHEo] A" Rl Hrbstel AAAZ W= AT SbE A

529 AFE T FdzdHE9 dFH FA4A 4, HDL-cholesterol®] &S =
3t A¥E Tables 25, 2601 YelUIdth Fa 28 Eo] AAH ol 7|28 n
Fol H7te AP AolE 8F b oF Wit 2682g/day HFAFTeH tiEd
b

==
T
oF A AdAolE Hit

1 2] 22.81g/day AT HE FAE 8F H<t 7]
E2dudsS AH3 189 hExa ZH7F 13140, 126.26g 07 vrEFSET
HDL-cholesterol®] F%+= 7|ESE13S HFH 2§ AHAFHs7 drRyg

36.6mg/deN Al 63.7mg/d0= 27.1mg/deo] S7Fetlal 22 Aolg dAsta JEE
Ygugds HAHAGA 2 hExrTFE 41.8mg/dlol A 53.3mg/d0e.E 11.5mg/de Z=7}sf
AAT NEZHRTS HFA AE 175 HDL-cholesterol &%E7F 15.6mg/dl
g 37t Aoz deygt FEdsdE vRe ESY1Es AR 25
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120.8mg/deoll 4] 161.75mg/de=  40.9mg/de°o] Z7}3%
161.25mg/deZ 55.4mg/dle] F7Istth TG s+ 71ES8adS AFs o
T2 44.3mg/deol A 47.6mg/dE 33mg/deo] SUFSFH A thERTS 45.8mg/deol A
5lmg/de= 5.2mg/dlo] F7}Fsl ATt

Lehoux$t Grongin®e] 1ol o]&d 25 5, 75% 7| EAFS sterold} &7 35

Table 25. Effects of experimental diets on food intake and body weight gain'

Treatment Food intake Body weight gain
(g/day) (g/8week)
Control? 22.81° 126.26
Chitooligosaccharide® 26.82° 131.41°

! Rats were fed for 16 weeks. Means within column by the same -capital

letter are not significantly different (P<0.05).

“ Milk with no chitooligosaccharide addition no cholesterol removal.

3 Chitooligosaccharide added cholesterol reduced milk. (50mg/day)

Table 26. Effects of experimental diets on the change of blood
triacylglycerol, total cholesterol and high density
lipoprotein in rats fed for 16weeks'

Total CH TG HDL
Treatment
Initial Final Initial Final Initial Final
(mg/dL)
Control? 120.8" 166.0% 45.8° 51.0° 41.8° 53.3%
co? 105.8"  160.4* 443"  476° 36.7° 63.7°

" Means in a column with the same letter are not significantly different

(P<0.05).

? Milk with no chitooligosaccharide addition no cholesterol removal.

% Chitooligosaccharide added cholesterol reduced milk. (50mg/day)
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A 2 A LA isoflavoned] v M7 &3t A3 AF

1. A A B &S 9§ coating material®] A A

t}3t coating material2 =84 isoflavones VA &3] I PES
o 73k & WTHAALE AAFA =], o)Wl coating materialZ AFE-E A WA

o ~H 2 XA 7} olv|e}f o]HE YEERZ #FH o2 §43F coating material
THE A dnAddS Ao, ARES AWk dlzE 2] FE e
EAS Table 279 WUEFWTE AF23F coating material =04 SFAN-20& 274
o] 1-3um, MCT 176 pm, & A= 7710 pm £ YERAJ T PGMSE 274 p
m 2 1 377} SAFEJAEY, Bl SFAN-203 PGMStE 94#ke] 27)7F a1
2 E¥E 19l ubd SFAN-859 MCTE 2 A9t g& gAk Alolo] =7 A
o7} =LA yEbwth 28l ESPR-25% 1 um ©]&te] =72 yetyon A&
}_

1 um o3H9l AL n&0E A4Ee HIE nFne vARES

& 4 1o

a4 gl =gk =84 isoflavone &S 918 coating material A S 913

o] 59 WFHAIE AAS AT, Ao EE coating materiale] Mol ¢k

T84 isoflavonecl ol WM&} A $Fol H7F HAS wl AF7IgEe

Aol wet ojv], o] HE F7HAIZ T E7 ES-7, ES-95, SFAN-85% -+

A7FA] A WA #o] ¢5EHo Bfsle d4S YEWo] coating material2 5

A ston, 1 olfr= 7] Hl&o] 80% oo R ©AFTE Wil o ~H =
(e}

a
3 A=rt A7) Wi

a3l FHAAME= AFE% coating material
} e FoA 7EHon wuutdAs

o] 9438 ZAS ME3E 93 coating material = A el F ofat} 1Y 1A, o

¢ dE5g weste] & W, PGMSet MCTE #47ke] gebdde] slov 74 &
ZokA F7tE o], 84 isoflavoned ¥ &-3F=coating material 24 A g3t
Aol ApgetAh AF7HA 84 isoflavoned] HAIFE] tE AFARE
o
BA

o}, Aol DHA 52 wAREd ZAxs ohgd 2k Raul 5%
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Table .27 Type and characteristics of fatty acid ester

. Llelting
Mame Composition Tspe HLB Point(°C)
SFAMN-20 Sorbitan monolaurate Ligquid 7.5 -
SFAN-85 Sorbitan trioleate Ligud 1.8 -
SFAN-25 Polyglycenine polyricinol eate Ligud - -
E5-95 Glycerol monostearate Solid 4.2 63-68

E3-7 Mono and diglyceride of stearate Solid 3.2 59-60
MCT Medium chain triglvcende Ligqud - -

PGMS  Decaglycering tmonostearate Ligud 14 -

Alexis S92 HE o] AL 93] phospholipidsZ, = Te 484 HEA
%S 98 sodium alginateZ, Jackson¥ Lee®: =9 HARJIE 93
stearine ©% coating material AF-&3F9 . 28y @Y coating material Bt}
3 FBAS Agats Wl 4 art vk Sharareh 59 E3 g8

Ag  Agsrle stgon, o TWe HEIEARZ  ethyl cellulosest
methacrylic acid copolymer® AF434 31, KhalidaS®S probiotic bacteriaZ
alginate®} starch® 73 3lo] QF2ES A adxn, F 5578 starchot
agars  &gste]  AbRsiglew,  fEA TR wWE  FE& FAA
HLB(hydrophilic lipophilic balance) #te] 4.5%1 SFAN-60S #H7Fst A

92798% = el e, HLB %ol 6.0, 802 AWt o ~8 29 F-50, F-70& #
7hek ARl ghE 62789% =4 HLB kol =obxlel wel F&o] thopA= Zow
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FHAGOE Sho & BaAHE gdo) A3, HLBE 3404 137

A AsAR F 7] R O/W, WO #8AI7k slof o g7k A Fo] 2§

B, S A wW7] miel ferom Fule] of @i BAIY ol
A

[e)
o
H2 otk e & Aol F8A isoflavones HEst g A JA7F A A

275 um 2 "A=Z7E YeERg o] AHo $zdY -7 £o MFGM(milk fat
globule membrane)®] ZL7| 9} FrAFStAL §-f L WZES FAFoEHN FaT
AE HoFAT

2. MAAEe] AFHxD AA
7 AW ES $3 coating material®] W] &

Coating material 2 AH§-& PGMSt Aol mAlolm 2, Kwak 5] 1
o] wep e THFE EFE 80T 5AIF 7h23ske] 5l F ARE-S)
AL, EFAe @A BALE f8A PGMS 3, 5, 10, 15, 20gol 50mle] FF
FE T Hrtetdn e, MCTE =204 dAdE o] 7] widd S/
E A7 s &2 AHAA PGMSSF #E &2 AFE-3F9 . Coating material
o] Bl gl 9alA F8A isoflavone PAH &= HAHAxAE AAS7 98 ot
Fek vl &2 PGMS9 84 isoflavones & 3ste] wA«&s ZA3E Table
281 YEF ATt
PGMS : 84 isoflavone?] H|&9o] 5 : 19 W& A& 58] 43.4%, 10
1Y "= 61.8%, 16 0 1Y wWl&= 67.2%, 20 @ 19 W& 50.0% = Z+7+e] H] & A
FES T Aot oy fod FFolAE Aolvt AT F&o] 151 9

O
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Hl g Al 7hd 53t a, PGMSE] Hl&o] 15 @ 1HTF Eolx] A YrolxH 4
&o] Yol A HArh ol¥d Axt x W B 05% sodium
alginate AF-&A 80% &S AU, 1% ALEE u 90% F&L, 3% A& o
85% &5 ¥o] coating material®] H] &l o3 dHA T E AIdH)E
e FEe de Aow HuFAT o e mae] 98w, sorbitan
monooleateE ©]-§3¢k oA s v A A Estoll A 3%E AFES B¢ 86% = 7H
=2 F&5 YE

e Aoz vehgth wek o] 599 mueAE §AWS o] &3 glucose
o] w M MEZANA Span-602 Span-855 E3sle] AlE Bt} Span-60<
G0 7 AMES oA 94%°] we FE&S UERUY & AP nlE -5
58S el o] 54 whey proteing coating material & A}8A] core
material®2] H]g&o] 15: 1, 15:2 15:3 15: 4, 15 : 52 core material®l
H| 3l coating material®] B]&S& Ha T7FAIHSH 1511, 1.5 29 v &A=

Hir

¢ o1 coating material®] H|&o] FAY EolAFE 8o

rot
Y
i3

95%2] F&2, 1.5 : 59 H| &A= 8% F&S do] B A H|d %
H7b wfg 958 Aoz B HUrh £ Kwak 5Ve fR3EHTLS w4
M&3} 39 = coating material(PGMS)¥ core material®] ®]&©o] 5 : 19 uj

s

80.87%, 10 : 1¥ wi= 6491%, 15 : 19 W& 72%, 20 : 1Y€ W= 65.90%=
B A ARote 25 S &5 YERIAL

a8y, MCTZ [i-galactosidaseE <3 749, coating material?} core
material B]&°] 5 : 19 W 61.8%, 10 : 1¥ wl 747%, 15 : 14 W] 94.9%, 20 :
19 u] 97.6%=E coating material®] F71EF5 F&o] FolXe HIFS HIYo
w, 2 Aol H&l 10 1 1, 15 11, 20 ¢ 1°] v &R F 0% = 5T A
2 Bu¥do 3# B A8 MCTZE coating material2 AFE3F 9= 15 : 1

o] mHl&o]l T45%® 7+ Hgo] F23102 AP H(Table 29).

3
J
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Table 28. Yield of microencapsulation with different ratios
of PGMS and water -soluble isoflavone

Ratio (w/v)

- Yield (%)
PGMS W ater-soluble isoflavone

5 1 43.4
10 1 61.8
15 1 67.2
20 1 50

Means within column with different superscript letter differ(p<0.05).
Means of triplicate.

! Polyglycerine monostearate.

Table .29 Yield of microencapsulation with different
ratios of MCT and water -soluble isoflavone

R atio (w/v)

Yield (%)

MCT!' W ater-soluble isoflavone
5 1 60.3
10 1 67.1
15 1 74.5
20 1 71.6

Means within column with different superscript letter differ(p<0.05).
Means of triplicate.
'"Medium-chain triglyceride

n A &S 213 PGMS9F 84 isoflavonee] Hl&o] 24H & T/HFT #
7heFo| ol%k A& &8 A3t Table 3091 YEFHATE PGMS7F 5g,

T4A4 isoflavone®] 1gd Wl H7lE E9] o] 30mlY W= HBRB= & 7H
w
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Table 30. Yield of water -soluble isoflavone with different
addition of distilled water

Ratio (w/v)

PGMS Water-soluble
isoflavone

Yield (%)

distilled water

1
1
1
1

(9, LY IV | Y BT |

1

30 75
40 69
50 70
60 67
70 52

Means within column with different superscript letter differ(p<0.05).

Means of triplicate.
! Polyglycerine monostearate.

3. AFZ7 7o) 93 =84 isoflavone? &

T84 isoflavoned -
g fusle] #edor FX E3

44 isoflavones VA &3}ste] A7)

Fege shelste] BEHoR s

& o)A isoflavone E-F2] oln], o],

A7e] s
ol A =

A=

Al 3 -

=

AAAZ A4 olA gy, &

7] Ao e 484 isoflavone]
dFS zAEGY. 2 23S Fig. 1290
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2 Ao A3, 784 isoflavone PIAIAES] AFES 93 A==

FohH | M3 isoflavones ol H7Este]

4
detE ™, A3} isoflavones ol H7betol &7t A=
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5 Ao WA HASA ol AT Aow Andh

o —1 4C
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Storage periods(d)
Fig. 12. Effect of different temperatures on water-soluble
isoflavone release from microcapsules for 12 days.
Coating material : Polyglycerine monostearate
Core material : W ater-soluble isoflavone
Each bar represents an average of three trials.
Error bar indicates a standard deviation and bar with different
letters are significantly different (p<0.05).
4. #54 54
T84 isoflavone MM &S ol H7FE F 4TeolA 1243 A48t A

54 EAS Table 319 YelHlY. <&uk(bitterness)d] 2% A&7+
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A e AnE TR, ME3} isoflavoned A7) 7ko] ulel
7] Wstzh glom ofA7AA kel A ¥ AW isoflavone 52l FH|
3o 2N BFHoZ A control@ fo|zHE HolA| o}

Qfo 3k a3 F84 isoflavoned] H7F7F &3 Aow AlEHTH

M
s
rlo

i
=
S

- 101 -



Table .31, Sensory score! of microencapsulated water-
soluble isoflavone? fortified milk during
storage at 4°C for 12 days3.

Sensory Condition of Storage period (day)
description fortification 1 3 6 9 12
Beany flavor Control 1t.0* 10" 1.0 1.0 1.0°

Capsulated 1.7¢ 2.0° 2.1° 2.4°* 2.7°
Uncapsulated 4.3> 3.9¢° 4.7°*" 54° 5.5°*
Bitter Control 1.0 1.0 1.0 1.0" 1.0°
Capsulated 1.17* 1.3 1.5*" 17" 2.a°
Uncapsulated 1.5 14" 2.2 26" 2.7°
Color Control 1.0 1.0° 0" 1.0 1.0°
Capsulated 1.4 1.6 ¢ 2.1" 2.5" 2.7°
Uncapsulated 49° 53" 56" 5.45" 509"

"The scale of each score; 1=none, 3=slight, 5=moderate, 7=strong,
9=very strong

2 Coating material was PGM S.

3Mean of duplicate. Means in a column without the same letter are
not significantly different(P<0.05).

5. A9 A4
7h 4F gl A pHOl 9% wAfHee ABFA

" A7 &3} isoflavoneo] 4Hd g o] pHSE 43} & 4 (pepsine)o| & ¢l
o8 F2lE = isoflavone®S FAEH7] $ske] Al wu

60E %ot WS A1 71H A f8 5= isoflavone®™ el Z=AHZAIE Fig. 139 UEHSA

NESCEEIRESE

O

o= 453%F 1, s 208 Fo = 0F W WEH isoflavone® o] f-AFsA
T a7t glo] 85%9 F&S HAUTh pH 5olAE Z7] 0%l 3.03%% o Azt
o] X uwtz} Fel¥ isoflavone™o] 13, 14.2, 15.3% & Z=7}38fe] A 7bwjr} Ht

- 102 -



=% isoflavone™2 2 27F AT pH 69l 4+= %7] 08l 3.66%R o} 7]3F
ol Aell met frelgo]l Frkstlon, fol% FEolA R Atttk Apol7t gl
= Aow yetwt

Z 2Wo) 9]8 sodium alginateZ coating material 2 ©] &3] A z® =4
AZ HAgd AR ES A8 Ao &3 3 10% pepsing A 7}ste] 37T ol A

3023 RESAIZL §- T0% Ao Hiol SEFdvtE Hal By 2 Ag Ayt

M me 58S AU, 10% pepsinol 93] 19.43%7F fElE A= 1 =g

ju
ki
o
>
s
kv
1
n)
by

=2 &S I PGMSE & 3}3 isoflavones 3 &
BE e v A E 80% A RS &S YEIUE A2 pepsine EAZE

[oig

& W] e Aow AAEw HEstE isoflavones AR Y Ve

off

.

26 —/ 0 min

- EEE 20 min
24 B 0 min
22 EZ 60 min

Percentage of released water-soluble isoflavone

Fig. 13. Effect of different pH on water-soluble isoflavone
release from microcapsules incubated at 37°C for
60 min in vitro.
Coating material : Polyglycerine monostearate
Core material : W ater-soluble isoflavone
Each bar represents an average of three trials.

Error bar indicates a standard devation and bar with different
letters are significantly different (p<0.05).
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Y. AF 2F A A pHS Eho 9 84 isoflavone 3 F
84 isoflavone?] coating materialQ!l A WAkol| ~E 7} | Fo| A EH H =
lipase®l th2 A <lxlo] o& Ea =™, A% Ay A EZ Zisoflavone©] 47

TE7] wEel B AolMes L3t FARRE 849 Aldadel 2 s

=

A zsto] W 60520 3HE) WEHe AREFS S48t 1 A E Fig.
6ol YEFATH el ¥ isoflavone®dS e A, pHSE Alte] wel isoflavone
WEEFo]l AA Frbstd =, pH 5elA 0w 7.72%0]™, ¥hE 60 F-

T 22.32%% 39 o], pH 64wl WHEE7] 7.62%°1A 41.6%= 58] o], pH
73 8ollM & WHEx7] 1332, 11.0%°l A ZH7; 9566, 91.6%= 6v o]do & W
¥ = isoflavone@o] F7lst o, WAk} pHell wel 78] ¥ isoflavone 3]
A2k F7bst .

120
C— 0 min
1004
00 E= 20 min
I 40 min

1 60 min

®
>
1

S
=)
1

N
=]
1

Percentage of released water-soluble isoflavone
N
=]
1

>

pH

Fig. 14. Effect of different pH on water-soluble isoflavone
release from microcapsules incubated stimulated
intestinal condition in vitro.

Coating material : Polyglycerine monostearate
Core material : W ater-soluble isoflavone

Simulated intestinal condition include enzymes such as lipase (5mg)
and pancreatin (20mg), 37°C incubated for 60 min.

Each bar represents an average of three trials.
Error bar indicates a standard devation and bar with different
letters are significantly different (p<0.05).

- 104 -



Alginate® lipophilic drugsES 8% 3}3}9] intestinal media(pH 7.5) 75mlol] 9g &
diatel 1213 F<t frelE Fol 10% wiRkollar, 2413k & 35%%ke] 2] ¥ vk
= Antonio 57 mael Wme W E A AF s A fd
& 39t HAh ol HA F7ke o]
ol Asta Al AelA BHlEH = AEsaavt
gate=d dFS FAS Aol AAET AEsE isoflavones HHAT A5
90% ©l% isoflavonee] rgj¥o] Aol FaAxolr EHRHow FF7F Ao

g Aoz AlgHt) o] 5o wwe] oW, core material®] 58] F-Scoating
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material ¥ core material®} 22 A o] QoW E3J| core material®] FH

Lo

gafo] F4= falFFo] Frtettta FA35E ¥, Thanoo 572 chitosan
78 & A coating material 2 core material2 core material 2o TEA o] §l=
AnoR FAEAT. 2R B A A isoflavone 3¢ fed& 43}

lipase’} pH 7-8 HelolA &As8tst Aoz Lpeytt),

291

fo

6. sE4Y

olaZEto] HE FYzElE el v = JFS #HE7] 4 high
fat diet®2 757t A8l ar, 657t fat free diete} PA7 &3 o] AZgE S Zy
ZHEo] AAE Ffol Hrbstel AAAZ HES ATT7hE, Ao HAE,
Z ZY2~dU= s =424, HDL-cholesterol®] &S =43 ZA3Z Table
32, 33 o YEFHSIT

HES HolMHHSE B o, isoflavones AFH3I A$ 23.85g/day,
isoflavones A # 34 &S 4$ 19.21g/dayEA isoflavones HHT 2571 A4
HAskA %S Wl Bt 464g/day O Eow, wFA F7HF £ isoflavones
AAT A9 107.93g/6week = isoflavones AFHEA LIRS AS

(94.73g/6week) B.t} 13.20g/6week © *=9kt}.
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Table 32. Effects of experimental diet on food intake and body weight

gain
Food intake Body weight gain
Treatment
(g/day) (g/6week)
Control 19.21% 94.73%
Isoflavone 23.85" 112.58

1Rats were fed for 13weeks. Means with column by the same capital letter
are not significantly different(P<0.05).

2Milk with no isoflavone addition no cholesterol removal.

3lsoflavone-added cholesterol-reduced milk. (10mg/day)

Table 33. Effect of experimental diets on the change of blood
triacylglycerol, total cholesterol and high-density
lipoprotein in rats fed for 13weeks

Total CH TG HDL
Treatment
Initial Final Initial Final Initial Final
(mg/dL)
Control 1125 209.0° 20.0 5.8° 33.0° 43.6°
Isoflavone  124.6" 174.1* 38.3" 7.0 31.6 41.6%

IMeans in a column with the same letter are not significantly different
(P<0.05)

2Milk with no isoflavone addition no cholesterol removal

3lsoflavone-added cholesterol-reduced milk (10mg/day)
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Al 3 A Phytosterol J2HZ3}E o] &3 dF
Ast 7 TS 7t A G R =2 AT

iy
)
by
=
i

1. Physterol®] o 2H =23}
B33} XA e 19 o AHE FeEo] ¥3F xHHAL o]y} 19 o A

O

phytosterolS X3} ¥ wE o ~H 23 WA ogHn BE¥x3 xuhalo
2 X 3t¥ phytosterol EX A WAL o] ~H 2 33 ES A xEGon o= di}

golol o Fhsetn] BEHY volbd 3 2 3y fAE WAAZ ALS

2 4 9o WEgES o]8ste] 2 e 9 phytosterol Gl ~HEZE A ow o
o] FE&2 82% At olsh & Ao r 3 535 Aol ot W
= o] &% HAAMHoR F-AEZHESHONEE 0% FE&s F5oAOH

Hgs/ohAlE Ed-8vlE o] 83 AP or= p-AESHE SHoES 51%

&
FEE FESAL B

2. FUEHE AAET A E

Table 34. Mean chemical composition of cholesterol removal Cheddar

cheesel. (%)
Component Control Treatment” Treatment®
Moisture 38.3% 42.2% 39.5%
Fat 36.0° 34.5° 33.5°
Protein 28.2% 30.8% 29.8%
Choleaterol removal 0.0* 91.2¢ 92.1°¢
Yield 10.5 12.5 11.0

"Means  within  colum by the same capital letter are not
significantly different (P<0.05)

’After cream separation, cream was treated with 10% [E-CD

and blended with skim milk at 1000 psi

SAfter cream separation, cream was treated with 10% BE-CD and
phytosterol-ester add
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Y-S B-CD #gdte] FY2H= | A% 3 A %% Cheddar cheesel
ZY2HE AAESS 912%NoH, FESHS 43.2%, ZA W 35.5%, Tz
2 30.8% oF e AFE AU

S A
3

i}

3. Cheddar cheese A% Atst=(TBA)W 3

Phytosterol ester= % 7}3F Cheddar cheese? A4 5 X WA3l=S =43
A3 g9 Fig 159 #Ztvh. dwbA <2l Cheddar cheese?l control®] 7%
Foll= 0145904 54 4F el 0142, 54 8Fele 01447 Aarsie
2 dAs] FolF AolE HolA fsdrt Wk [-CDE o] &3dte] 9]

0.5
—e—CON
—m—Trt. A
—a—Trt. B
0.4 + —=<—Trt. C
— ) --3-Trt. D
£ —@ —Trt. E
[y
»
8 03t
[0}
O
c
(4]
«©
2
[0}
%)
Q
<C

0 2 4 6 8
Storage period (week)

Fig 15. Change of TBA! value at phytosterol-oliate added

in Cheddar cheese ripened at 7C for 8 weeks

2c: control,

"Trt A: cream was treated with 10% B-CD

Trt B, °Trt C, °Trt D, "Trt E: cream was treated with 10% B-CD and 2,
4 6, 8% phytosterol ester added
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Cheddar cheeseZ A% A

=
% control# AR FAE UEHH oW A4 4FAAFHE 018, S4

0 d
© 02042 =/4do] AFdgs AWAS(TBAVZE =okA= Z23E dAH B

rob
e
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rlr
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=
=

cholesterolS A 7] gk

-CDE ©]&3lo cholesterols A A% % phytosterol esters % 7Fgt Cheddar
cheesedl M= 2% #H7F Al 4 0Fol 0144904 54 45F9= 0131, 54 8F
o= 0.174%2 4% H7F Al 54 0Fol= 0.136°4 4 8Fd+= 0.167= F715
Aem 6% H7E Al Sz 0138914 0.168, 8% 7 A<l 0.14591 4 0.167
2 Z7ME 0o control¥ e S Holu Fristdth. a1y p-CDYF A g
ato] sAdFE AAst et =4 34

stz Qlsto] Aatsts M7= AL

A0

2

S AT e o2 APdTLE v
w3tk olE B-CD g Al ojug
2 A2t} E3 phytosterol ester?] H7t2 A WabstE WEE A AA 7= A

o2 e

il
% B

4. Short-chain fatty acids ¥ 3}t

o,

Short-chain fatty acid(C4;~Ci9)E Cheddar cheese®] 3Fw] Ao F Q3

o

-

B 20 3ot o] Ao physterol-esters Cheddar cheesedl| 73
o] 44 Fotoll short-chain fatty acid®] AAle] &3 A& A& ez 1 4
Table 35914 ¢} 2t} Cheese?’t AstHA A== AF-alAd4ake] Gy,
Cs, Cg, Cro, & & BEEE A4 0] 7I7bo] Aol wet F7hEm o] 59 & Aw
A Hpake- o} AT HIFeA] S controlol A £A 0Foll & 784ppmoll Al 45l =
85.8ppm, 85l 90.5ppme® F7FEFR oL o4 AolE YE WA= Ut
a3y B-CD A Ao A= 54 05 785ppmo Al 4591= 90.1ppm, &
A 8F o= 1035ppm o2 5715 itk T3k phytosterol ester 3713 cheesel 7
$oll= 2% H7F Al HA 05 826ppmolA HA wixEr @Al 85l

104.4ppm, 4% A7F Al &4 0 90.1ppmel A 1134, 6% 7F Al 89.6ppmol A

pak

A<

rr

112.6ppm, 8% A 7}3F cheese] 7% 83.7ppmeol A &4 8Fol+= 113.8ppml =2 &
S wet F7hEe AE B 5 ATk Control cheese®] H.tt (-CD A

=
2]t cheese?] AFA|WAte] F7FaFo] =92 phytosterol esters 3 718}o]
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Table 35. Concentrations of short-chain fatty acids in phtoesterol ester

Cheddar cheese ripened at 5C for 8 weeks!

Treat HiPening FFA concentration (ppm)
period
“ment o) c4 C6 Cc8 C10 Total
0 18.8% 17.2° 22.6° 19.8° 78.4°
2 19.42 16.5° 24.1%° 24.3° 83.4°
C? 4 19.6° 16.9° 23.6° 28.4° 85.8°
6 21.3% 17.5° 24.7% 26.9% 89.0°
8 22.0% 17.3% 24.9% 26.3% 90.5%°
0 19.3° 16.9° 21.9° 20.4° 78.5°
2 22.7° 17.3% 22.17 24.9° 87.0°
Trt A 4 22.97 18.6° 22.97 25.7% 90.1%°
6 23.6% 18.2° 24.2% 26.3% 92.3%
8 27.8° 19.6% 26.3? 29.3° 103.3°
0 20.6% 18.3° 22.3% 21.4* 82.6°
2 21.3° 18.7° 22.9° 21.9° 84.8°
Trt B 4 22.9%° 19.3% 24.6% 23.6° 90.4%°
6 25.8° 20.4%° 25.7% 22.7° 94.6%°
8 28.1¢ 22.4% 27.6° 26.3% 104.4°
0 21.3% 20.7% 23.47 24.7° 90.1%*
2 22.6° 21.6% 24.9° 25.9% 95.0P
Trt C 4 22.3% 21.4%* 26.7% 26.3% 96.7°
6 24.9%° 23.1% 27.0°P 28.3° 103.3°
8 26.3° 24.0%° 29.6° 33.5° 113.4°
0 22.9°7 20.42 22.42 23.97 89.6°
2 22.12 21.6% 23.6% 25.1% 92.4%°
Trt D 4 23.6% 22.4% 25.8% 25.9% 97.7°
6 24.82 22.23b 27.3° 27.1% 101.4°
8 26.7° 25.9° 30.1° 29.9° 112.6°
0 19.6° 18.2% 22.5° 23.4° 83.7°
2 20.82 19.6° 24.6% 24.7° 89.7°
Trt E 4 22.6° 20.7° 24.8% 25.0%° 93.1%
6 24.9%° 23.9° 28.0° 26.8% 103.6°
8 27.7° 25.5° 30.5° 30.1% 113.8°

"Means within colum by the same capital letter are not significantly
different (P<0.05)
2c: control, L iron added, *MI: microencapsulated iron added
"MIUC: microecapsulated iron and uncapsulated vitamin C added

SMIMC.: microencapsulated iron and microencapsulated vitamin C added
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T X Wakel shgko| = W3yl g1tk TS phytosterol ester?] FH7FEE EE s}
oAk AFAAtel S WA Fe= AR YERET AT A AR cheesed]
A3 BEste] Aol APAFE AGA Lol FrkekAl Hh 9o A9
A 3t Cheddar cheeset= controldll H]3s}e] A5 2]Wik
o] W3yl A Aol W JPHS & 4 9o phytosterol esterS FH b=
cheese®] %o 43S 7122 ¢l Kwak”5S -CDE o] £3te] cream?)
cholesterols #| 71 3t Cheddar cheeseE 5ColA 7T/HLE3 At o™ AFA W
Aol W3kl controle 74.5ppmol Al 835ppmeE FUbelga e <

oF cream & AdTolAE 80.8ppmoll A 98.1ppmo. 2 A A F7Fstta W 13}t
of 919 A3 FAS AHE AATH

5. Neutral volatile compounds 3}

Cheddar cheese®] F8AFEC] EA4ES BAY nAE o3 == 3t
st4 AZAZE F35F9] free fatty acids, esters, aldehydes, alcohols, ketones %
sulfur compounds &< A5t ¥H, o]&o] Cheddar cheese®] W& Z2 A3}
= Fe RS oy gt ® 8 Phytosdterol ester® %7}k Cheddar
cheeseZE <A A7]E= ¢t WA HE neutral volatile compoundsd #4142 3E
Table 36 o uYeldo. Fnje] Fa 2z AHEEL acetaldehyde, acetone,
2-butanone, ethanol, 2-heptanone® = WEST Acetaldehyde ¢ B-CD =
gt A= 014ppmeolA  052ppmezE Aol F7F FHYoH
phytosterol ester 2% 7} Al 0.09ppmoll 4] 0.40ppm, 4% %7} Al 0.11ppmel A
0.39ppm, 6% A7} Al 0.12ppmol Al 0.45ppm, 8% A7} A 0.19ppmel A 0.52ppm
o2 Aol g wep Frtetth 53 4 4F5EHE 1 AdHol 54
3 T7hE = 2 B 5 AUk Controlol A &= 0.06ppmol Al 0.22ppm o 2 Z 7}
Aot Zhzbel AH¥wE o Aolg:  UERA] &Sk T3k aceton¥
2-Butanone, 2-heptanone®] 7 $-°lA % control® Z+z+e] A& Fuit}t §974 A
ol& UEA ftomn HAd7|te] mE | i AAFE ®Et gl
t}. 23} ethanol controlol A & 3.08ppmel A 20.62ppm=, (-CD * g A3
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Table 36. The production of neutral volatile flavor compounds in

phytosterol ester Cheddar cheese ripened at 5C for 8 weeks!

Ripening acet— 2-buta 2-hepta

Trea’i period aldehyde acetone -none ethanol -none

—men
(mo) (ppm)

0 0.06° 7.01° 1.09% 3.02° 2.54%

2 0.18% 6.82% 1.162 4.36% 2.13%

C? 4 0.19° 6.98° 1.19° 5.02? 2.56°

6 0.17 7.05° 1.12¢ 16.34° 2.722

8 0.22° 7.12% 1.17*0  20.62° 2.86%

0 0.14° 6.93° 1.12° 4.56% 2.41%

2 0.262 7.23% 1.16*  15.36® 2.63%

Trt A3 4 0.29% 7.25% 1.18%  26.71% 2.532

6 0.35% 7.32% 1.26*  33.98° 2.75%

8 0.52% 7.41% 1.41*  58.63° 2.68%

0 0.09% 6.95% 1.04> 12.52° 2.13%

2 0.17 7.23° 1.17* 23.45° 2.442

Trt B* 4 0.31% 7.562 1.26*  29.67° 2.48%

6 0.36% 7.242 2.54%  49.21% 2.53%

8 0.40% 7.87° 2.36°  63.39° 2.98°

0 0.11° 7.11° 1.11% 5.02? 2.03%

2 0.16% 6.39% 1.20°  19.56° 2.45%

Trt C° 4 0.27% 6.98% 1.19°  27.60% 2.58%

6 0.35% 7.20% 1.36*  39.11° 2.96%

8 0.39% 7.242 1.59°  50.57° 3.47%

0 0.12? 7.12° 1.16°  16.99° 1.19°

2 0.23% 7.03% 1.24*  27.15° 2.41%

Trt D® 4 0.35% 7.56% 1.34*  29.03% 2.87%

6 0.36% 7.47% 2.31* 4877 3.95%

8 0.45° 7.59° 2.04®  68.65° 2.86%

0 0.09% 7.14% 1.177  14.02° 2.68%

2 0.17 7.16° 1.24*  25.73° 2.92°

Trt E’ 4 0.33% 7.262 1.33*  29.65° 3.45

6 0.36% 7.28% 1.59° 57.32P 2.76%

8 0.52% 7.30% 2.36®  85.37° 2.98%

"Means within colum by the same capital letter are not significantly
different (P<0.05)

2C: control, *Trt A: cream was treated with 10% F-CD

“Trt B, °Trt C, °Trt D, "Trt E: cream was treated with 10% B-CD and 2,
4, 6, 8% phytosterol ester added
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T2 456ppmol A 58.63ppmo. =, phytosterol ester H7}g A FoAE=
14.02ppmol A 8527ppmo. 2 F 718t 12t} control®.th phytosterol ester
A7kt B-CD H7htelA el F7bge]l A dekwt £ p-CDOl o3
cholesterol #171¥l Cheddar cheeseoll Aol 324 Fnjdio] 443 <4 31
Y o] 5o acetaldehyde®] =A% A ethanol®] Aol 2A F7HE A==

BolEh

Phytosterol ester2 #7}3F Cheddar cheese? <A77k ¢t fad ofv =
A 54 A= Table 373 #t)h 2] ofv| =4k controlol A Bt B-CD A &
3l A ¥ 3 phytosterol ester A7Fatoll A =A vElykth 3 controlS A Y3
Zhzke] APt BFolA 8F74A o] wAdo] I EUA ffobn il Aol ©
obATh &Ad7)zke] Agel wep 28kg e fEolrste] A= o A
3] A3t [(-CD Aol phenylalanineo] -3 %4 0FolE 2.3 umol/méol A
A 8F A= 257 umd/mlo] AAE Ao 8% phytosterol ester ¥ 7oA =
AL FA 05N 26 und/meol A 8Fo= 257 umo/mé o2 FUMSFTE Ed
leucine, valine®] A HE A HEo we} Z71¥ Atk Phytosterol ester 3 7t
745 leucine?] AA L AL 0FodE 09 umd/méolA 8Fol+= 29.1 umol/ml o2
S7FE e valine2 Aol 1.4 pmol/mbAl A 246 pml/ml L2 X7} H3}A T

gy o)t & FAbol B-CDA gl gk A3} phytosterol ester 3 7}atol A wt

B 5 9l9lon o] control®tl W] 4wt Kwak 570 g-CD A& s
agoz Axs ZFy2HE AA A=A A 717HERS] & ol A4

o obFAE o3t

N

&E controlEt} 953 =A YERW T B st}
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Table 37. Comporison of free amino acid production in phytosterol ester
added Cheddar cheese ripened at 5C for 8 weeks

Ripening
Treatment period Asp Gu Ser His Gly Thr Arg Ala
(week)
0 1.7 3.0 0.8 - 04 12 01 15
2 35 124 16 - 24 15 25 26
C 4 46 165 17 02 29 18 28 40
6 48 254 24 05 35 2.0 28 45
8 6.3 259 26 06 40 23 27 b4
0 1.9 32 05 - 02 1.3 - 1.3
2 30 167 13 01 29 29 26 4.7
Trt A 4 48 250 36 06 35 35 27 74
6 52 369 57 07 39 47 36 109
8 93 415 77 07 48 6.8 40 114
0 16 42 04 - 01 14 02 16
2 25 251 1.7 - 1.6 3.0 29 47
Trt B 4 37 268 25 04 29 29 36 59
6 48 347 57 05 38 6.7 40 124
8 81 495 89 08 40 79 39 129
0 14 35 06 - 03 1.6 - 1.4
2 26 165 12 02 13 35 02 53
Trt C 4 35 239 20 06 12 40 36 1738
6 39 324 45 06 24 48 34 96
8 76 495 82 09 49 88 44 10.2
0 1.7 35 05 01 02 14 01 13
2 32 125 15 05 16 37 21 40
Trt D 4 40 227 36 06 19 52 39 6.3
6 58 36.8 40 08 26 6.9 42 9.7
8 69 475 49 07 47 78 3.8 134
0 1.7 3.1 07 - 03 12 03 14
2 33 1577 15 04 36 26 25 43
Trt E 4 41 265 27 06 45 47 34 6.8
6 b3 338 35 06 b5 b0 47 124
8 6.7 46.2 49 08 68 6.8 48 135

(continued)
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Ripening
Treatment period Tyr Met Val Phe Ile Leu Lys

(week)

0 0.5 0.2 1.4 2.2 0.5 2.3 3.0

2 1.0 1.2 7.9 7.4 24 1477 58

C 4 1.0 1.6 124 9.3 29 16.2 135

6 1.0 1.7 168 106 3.6 253 18.6

8 0.9 23 1677 127 35 26.7 18.0

0 0.5 0.3 1.4 2.3 0.4 2.7 2.6

2 1.0 14 123 46 1677 24.1 165

Trt A 4 1.0 26 1477 189 264 25.3 25.0
6 1.0 3.9 190 216 285 25.6 32.7

8 1.0 42 217 2577 293 385 36.8

0 0.3 0.2 1.9 2.6 0.1 1.9 2.1

2 0.4 1.1 164 57 134 214 225

Trt B 4 0.9 24 173 9.8 157 26.7 26.8
6 0.9 27 195 16.7 204 259 35.6

8 1.2 53 22.1 25.0 269 30.5 40.1

0 0.5 0.5 1.4 1.9 0.5 2.1 3.0

2 1.2 1.1 126 125 16.3 235 195

Trt C 4 1.0 15 134 184 145 25.1 20.6
6 1.0 26 12.8 235 257 29.8 28.9

8 1.3 6.8 164 26.7 296 33.0 345

0 0.6 0.2 1.8 1.8 0.6 2.5 2.6

2 1.5 1.3 16.7 165 187 235 115

Trt D 4 1.4 1.9 179 158 259 26.1 25.9
6 1.0 24 225 257 306 356 279

8 1.6 26 264 268 325 40.0 45.2

0 04 0.6 1.4 2.6 04 0.9 2.8

2 1.0 15 125 158 235 164 235

Trt E 4 1.0 1.7 103 235 247 19.8 345
6 1.6 26 214 248 336 2577 33.7

8 1.5 49 246 257 325 29.1 41.0

"Means within colum by the same capital letter are not significantly
different (P<0.05)

2C: control, *Trt A: cream was treated with 10% [-CD

“Trt B, °Trt C, °Trt D, "Trt E: cream was treated with 10% B-CD and 2,
4, 6, 8% phytosterol ester added
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7. Rheological &3

Cheddar cheese®] =45 Z743l7] 93] Rheometers AFE-3te] hardness,
elasticity, cohesiveness, gumminess, chewiness® Z=Aslgon 1 ZA¥E
Table 389 YeElNATE % =9 4 Z(hardness)E =743 23 controll A= &
g 71Zke] wE Fo]H < Aol= gl 2y B-CDE A2 § cheese®d 4%
%4 07l 1145014 2% Fol= 1993002 Z7bHdov 4 F AlREs
1257.2, 65l 11547, 85l 1067622 & zolE uERA eFokth 2%
Phytoesterol esters 3 7}3F cheese & A= <4 0Fo+= 15426904 &
4 25dl= 212347 S7HEM 45 54 FHEE Fo4 Aols uEhlA %k

th. T3k ZFZbo] cheesedll 4%. 6%. 8% phytosterol ester®] F7F#-2 hardness©l

rl

FEFS mAA Fgor BE HAPTAA 4 25 Aol hardness7t S 7FsE AL

O FREE F AolE YEhA ekokth. w8 A (elasticity) S BT A aghol A

Bes Holw {04 zolE YEhlAl Fskov B-CDA 3 AL o

2 Ay vuste] e =& Yo elasticity’t £4 ¥ A& B
At &5 (cohesiveness)®] 79 control?] A-F &4 05l 77.39014 45

88.3, 8F Aol = 9247 Z7}38F3ith. Phytosterol esters 2% A7 3t Ad+&

0Fol= 772014 4Fo& 915, 85t 8622 FT7IIA 7 gAl Haste

AL B F QY. 4% phytosterolS 718 Ad oAM= A 059 726, 4
o|82.6, 85l = 90.69] ™ 8% phytosterol %713t A& o= &4 050758, 45
824, &/d 8Fol= 7955 AFAZIA F7Fetdtir Al HaEE s & 7

gglon B-CD Aed Agwols e AYTH vwskel w xe £

o] AA WatA &+ AS & F AMS™ phytosterol ester®] H7begFel = &k
= WA ge As #EEAT Kwake] A= f-CDE ol&ste] =Adel =
B ~El &S A A A xS Cheddar cheees 7ML A AdoA B4 574

A3} hardness®] A% 154 1ML £ A& Ho|tpy} 7

- 117 -



Table 38. Textural properties in phytosterol ester Cheddar cheese at 5T

for 8 weeks!

Treat Ripened hard elasti cohesi gummi chewi
-ment (week) -ness -city -veness —ness -ness
0 982.2 94.6 77.3 356.4 338.4

2 2321.0 879 77.1 522.6 459.1

C 4 1257.2 89.6 88.3 341.5 362.2

6 1154.7 90.1 85.1 362.4 528.3

8 1067.6 89.6 924 454.7 322.7

0 1194.5 76.2 91.4 307.3 296.0

2 1993.0 76.3 93.2 416.8 401.5

Trt A? 4 1251.2 86.3 106.9 547.6 421.6
6 1220.6 84.5 103.5 577.6 433.0

8 1352.5 85.3 91.6 623.4 398.8

0 1542.6 85.3 77.2 385.7 306.48

2 2123.4 86.2 75.9 421.6 526.9

Trt B® 4 1663.2 86.4 91.5 495.3 455.2
6 2125.3 96.9 89.5 512.3 421.7

8 1688.6 92.7 88.6 577.2 332.9

0 1168.5 85.1 72.6 416.9 316.9

2 1352.8 73.2 78.5 421.0 402.6

Trt C* 4 1745.9 95.9 82.6 573.6 421.6
6 1885.2 98.0 97.8 663.2 398.5

8 1685.3 92.9 90.6 642.1 348.9

0 1274.6 79.2 74.9 400.2 434.8

2 1523.6 82.6 78.5 413.6 528.6

Trt D° 4 2485.6 94.7 97.3 530.4 622.4
6 1963.4 98.9 80.6 529.6 751.4

8 2639.5 93.7 82.4 556.8 559.3

0 1496.3 74.2 75.8 321.6 430.6

2 2785.6 78.5 72.3 385.9 411.8

Trt E® 4 2239.5 98.6 82.4 452.6 596.3
6 2856.4 90.3 85.1 493.6 520.4

oo

2983.6 91.9 79.5 602.3 502.8

"Means within colum by the same capital letter are not significantly
different (P<0.05)

2C: control, Trt A: cream was treated with 10% [-CD

Trt B, Trt C, Trt D, "Irt E: cream was treated with 10% B-CD and 2,
4 6, 8% phytosterol ester added
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238kl o™ cohesivenesst= control®tt =2 FAE YEFHA S gumminess+
A
2L

control¥} B-CD #g] 3 cheese 25 %=¢tha B s},

8. #=AHA

Cheddaar cheese®] ¥#sHAF A3 tha9 Table 3994k 2t} Cheddar
cheeseE 5TColA 8F7F 4 B Aoz 53Hoz H7sA Y. Controlol A=
ol o]HE YWEA ¥Rkom SAAHHUA &uke] Fwrt 4 05l 3.0000 4
8l 3.17= F7tak ot = LA Colors} texturedl A= <4
HHA O FolA Aol gldth EI AAAS VSRR FEeA FrFEATH
B-CDE A 3 A A= sAHHEA &nto] 0Fo= 3.0000A4 45=
450, 8Fol= 4672 & FAE YERHAT oln] 7l Ak 0Fol= 3.00004
8Fole 4172 =A BN o FoA AolE UehlA = Fskth olF A7t
M & 3 &4 07 28314 %A 4FolE 300, 54 8Fo] 23302 Ao
S WA ot 22 AnE YEdAth Colordl A= control# Blulste] <4
zkel7b glo] 4 st Ao HFIUhE™ texturer= control@ H]aldte] LA 71|
Roem HAA FryA= ol #FRHIAT HA AR 7|ExE% control®E Ut B
F2E Ht}. Phytosterol ester® #7138k Cheddar cheese= &ulo] &4 0529
A 40002 FetA vesten] SAo]l I Aes 4672 O A H7hESA
ojnl o] HE HIt M E OFoll = 4174 4Fo= 450, 8Fl+ 4.83 FA| & H.o
olu] o]HE Z3stA =% o™ phytosterol ester?] FH7}sFo] WEFE ojH], o]
7V A FA FA A 7}51% Ag B35 Coloryt texturet control®} H] il
sho] oA o)zt flo] Y Aoz el ont dAF vEEAE u)
G SHA b A
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Table 39. Sensory characteristics phytosterol ester added in cheddar

cheese ripened at 7C for 8 weeks

Treat Ripened

Off

Off

“ment  (week) Bitter _taste -flavor Color Texture Overall
0 3.000 3.17*  3.67* 3.00*°  3.00° 2.67°
2 3.17*  3.00* 3.17* 3.33*  3.00° 3.00?
c! 4 3.00*  3.00* 3.17* 3.17*  3.33° 2.83%
6 3.17*  3.00* 3.50° 3.33*  3.33° 3.00?
8 3.17* 2.83*  3.33% 317*  3.33° 3.00?
0 3.00*  3.00*® 2.83* 317* 2.17*  3.00°
2 417" 283  3.17° 3.33% 233" 267
Trt A2 4 450°  3.00°  3.00* 3.50*  1.83° 2.33%
6 417" 383" 283> 3.50° 1.50¢ 2.33%
8 467°  4.17° 233" 383  1.83° 2.17°
0 4.17% 3.17®  3.00*° 3.00°  3.00° 3.17°
2 4.17* 3.83°  3.00° 3.33°  3.83° 2.83%
Trt B3 4 450°  4.17° 3.83* 3.33*  3.83% 2.83%
6 467° 450  3.83*  3.17*° 417" 2.67°
8 467° 450  350*° 3.17* 4.17° 2.83%
0 4.00% 3.67° 3.33* 3.17° 3.33% 3.33?
2 3.83%  4.17° 350° 3.17*  417° 3.17°
Trt C3 4 4.17% 450" 417"  3.33%  4.50° 2.83%
6 467° 467 3.83* 317"  4.83° 2.67
8 450° 450  3.83* 350°  4.83° 2.33°
0 3.83% 367° 350° 350° 4.17° 2.83%
2 417 417° 417" 3.17* 417 2.67
Trt D3 4 450° 450"  450°  3.17°  4.50° 2.67°
6 450° 450"  3.83*  3.33%  4.50° 2.83%
8 467° 483  350* 3.33*  4.83° 2.33%
0 4.00® 4.17° 433 4.16® 333% 233"
2 4.17% 433" 433" 3.33%  4.00° 2.67°
Trt E? 4 3.83% 450> 417" 4.16®  4.33° 2.17°
6 467° 450 383 3337  4.13° 1.83°
8 467° 4.83% 350 350*°  4.67° 1.83°
"Means within colum by the same capital letter are not
significantly different (P<0.05)
%C : Control *Trt. A : cream was treated with 10% BE-CD
Trt. B : 8% phytosterol-ester added
°The Scale of sensory score ; 1= dislike extremely, 2=dsilike
moderately, 3=neither like nor dislike, 4= likemoderately, 5=like
extremely
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Fig 16. ChangesofpHineveningprimroseoiladdedandcholesterol-reduced yogurt
stored at4C for 15 days!

"MiIK used was treated with 1% [-cyclodextrin for Trts

“Cont .1 : no added
Cont. 2 : yogurt was treated with 1% [-cyclodextrin
Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% evening primrose oil was

added in each treated cholesterol-reduced yogurt, respectively
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Figl17.Changesoftitratableacidityinevening primroseoiladdedand
cholesterol-reduced yogurt stored at 4C for 15 days1

'MilK used was treated with 1% [-cyclodextrin for Trts

Cont .1 : no added
Cont. 2 : yogurt was treated with 1% P-cyclodextrin
Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% evening primrose oil was

added in each treated cholesterol-reduced yogurt, respectively

4. A9k 3 = (TBA) ¥ 3

B-CDE Zdz=HES AAT & DutelE FAF(EPO)E H7tste] Axd 8
TEES AR F A= s A3 A7 o Fig 1849 2} dvb
J THLTEZEQ control?] - A 0ell= 0.058414 A 15U 0= 0.09620. =
Waletar, B-CDE AHzlste] Axd 2T2EE A% 0¥l 0064004 A% 15
doll= 00982 AG7|zke] AHFE Aiatslert ol ARE Ao
control¥} Fd&At} f-CDE A g ste] EPOE 713t QP E2E0 s 29%H /1A
A7 0dell 0.068914 A7 1520 0116072 F71stglom, 4% 74 0.07490 4]
0.129%, 6%H7FA 078914 01472, 8% 7FAl 0.08914 0.165%, 10%3 7FA] 0.086
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Fig18. Changesofthiobarbituricacid(TBA)valuesatb35nminevening primroseoil
addedand
cholesterol-reducedyogurtstoredat4 C for15days1

"MiIK used was treated with 1% [-cyclodextrin for Trts

“Cont .1 : no added
Cont. 2 : yogurt was treated with 1% ['-cyclodextrin
Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% evening primrose oil was added in

each treated cholesterol-reduced yogurt, respectively
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Fig19.Changesofviscosityinevening primroseoiladdedand cholesterol-reduced
yogurt
storedat4 C for15days?

"MilK used was treated with 1% B-cyclodextrin for Trts

“Cont .1 : no added

Cont. 2 : yogurt was treated with 1% P-cyclodextrin

Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% evening primrose oil was

added in each treated cholesterol-reduced yogurt, respectively

6. AT T=A

Lactobacillus bulgaricus and streptococcus thermophilus® ¥Lwh#el Q4 2E
o] fabitsE 10%] Agteign 9. B-CDE A sle] EPOE #H7be o
ZEY AR F FATFE A3 A= Table 400 YeEAT}. Control2 A%
0ol L7x10°%cfw/mlol A A 15Y 6= 55x10cfu/mle 2 43891, -CDE A
gt Az} QFEEE AR 0Qd  15x10cfwmldld AR 15Y0l=
52x10°cfu/mlo.2 A Z7|7bo] AFTFE FAtFFr Fadte AE d9ow,
control¥ Y3t I-CDE A3t EPOE #H7Igk QFE2EAXN = 2%H
7FA A 0ol =1.3x10°%cfu/mlol Al A 15 o= 4.7x107cfu/mlo 2 74
93, 4%H 74 1.3x10%cfu/miol A 3.4X107cfu/ml_0_i, 6% H7HAl 1.3x10%0 A
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2.1x10°cfu/mle 2, 8% H7HA 1.2x10°%cfu/mlol A 1.9x10°cfu/mle 2, 10% 3 7HA]
71x10°ctu/mlel A1 1.0x10°%fu/mlo.2 AF7)17ke] Ao we} =
7 At o A e v WA AT =84S Akt dAdke A
ol yEbsth wEbA AFETE Folx] frabdto]l O o A & glAl Ho]

7 s Aow AR,

= TollA A

Table 40. Changes of Lactobacillus bulgaricus and streptococcus thermophilus in
evening primrose oil added and cholesterol—reduced yogurt stored

at 4 for 15 days?

Treat Storage period(day)
-ment 0 3 6 9 12 15
(cfu/ml)

Cont.12  17x10%  1.3x10*  1.2x10*™  9.0x10™  6.0x10™  55x10™
Cont.2  15x10*™  15x10™  1.2x10%®  87x10™  58x10™  52x10™
Trt.A  1.3x10%  12x10®  1.1x10®  81x10™  6.0x10™  4.7x10™
Trt.B 1.3x10°  1.1x10®  10x10™  76x10™  52x10"  3.4x10™
Trt.C  1.3x10"  1.0x10™  86x10™  62x10°  51x10™  2.1x10™
Trt.D  1.2x10"  96x10° 6.0x10™  57x10°  3.7x10°  1.9x10™
Trt.E  7.1x10°  19x10  28x10  1.0x10™  1.8x10%  1.0x10%

"Means within column by the same letter are not significantly different (P<0.05)

*MilK used was treated with 1% [I-cyclodextrin for Trts

*Cont .1 : no added

Cont. 2 : yogurt was treated with 1% [-cyclodextrin

Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% evening primrose oil was added in each

treated cholesterol-reduced yogurt, respectively

7. ARAAFEN
7}.Short-chainfattyacid

2 Ao A= B-CDE Agsta @utolx FAF(EPO)E #H7tste] Alxg o
T2ZE9| short—chain fatty acid(SFFA) Aol #3s AL EX3 oz 1 ZHx
+ Table 413} Fig 200042t 2th AFFA8AEIC, Cs Cs, Cool 2t AR5
L 2E] AA7|to] AAgte] wet FrhE AT AAA e ® SFFA F Ci9tCio®l

- 127 -



ol 7P wakom, Cgol 7HE WA SAHAT A 093 3doll= FA7F =5
6458 15287k = EPO7EECl B&5 FA7F S7HE 3
t} dubdel @ F=ECQ] control A 0¥dlE CuotCo7t 247 2.8, 2.1ppmol L
7, 35ppmoZ FA o] & Aol glley EPOE 10% #H7Hsk 8
TEEMME A 04l CotCe7b A7 65, Tlppmel®lal A% 1569= 133,
151ppme.2 ¢F 20§ A= F7FE Itk Total SFFAw A g7k AHgds F7hs
Aot 0, 3, 6974 = AP Y] Aol= A 9Ho|F = EPOS H7hol
2ETE SU7HEE AES RYu. dibEl 8FEZE control  10.5ppmeol A]
19.1ppmo &2 F7}8tR L, B-CDE AHE3s+ QL F=ZE+ 101ppmolA 17.2ppmo =2
7 E e, B-CDE AHEste EPOE 2%37lst @ FZELE  1l.1ppmeol A
26.3ppmo.2, 4% H7FA] 133ppmolA  32.8ppmo =, 6% 7FAl 20.56ppmel A
36.46ppmo. =2, 8%F7FAl 22.2ppmol A 43.59ppmo.E, 109% FH7MAl 22.39ppmel A
46.98ppm o2 =715 ¢l th

Y. Gamma linolenic acid

B-CDE Azlslal EPOE H7iste]l Alxdt 872Ee] AR7IkF  gamma
linolenic acid(GLA)®] 3FHsts £4% 235 Fig 219 Yebliich Control#t [
-CDE A3 a7=2Eo = GLAZE SAHA &kal, EPOS 7be] gess
27 2E W GLA7} =A S38HA 2ev A 7Ite] BadaE GLAZEl oF
287} A Ee] EPOE 2%3713k S TF=2EE 148ppmeolA 0.67ppmo = 7438}

38

4% 7Vek @ F2EE 31ppmol A 1.16ppm o= |, 6%37F Al 4.79ppmel A 2.35ppm
o2 8%H7F Al 6.28ppmell A 2.68ppm o2, 10%7F Al 8.0ppmelA 4.6ppmo. = 7+
2 ¥ ATk

Hudson®¢] ®.31e] ¢]aldl, GLAE all-cis 6:9:12 double-bond system©]”7]
ol ol s}, Fdst 2 7IEe] shehA <l AERs A dold & dnar B
ste] 2 AddA 7% GLAE 3t EPO9] Asitste wlg & Z1o= AlRH
t}.
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Table 41. Concentrations of short chain fatty acid in evening primrose oil

added and cholesterol—reduced yogurt stored at 4T for 15 days,1

Storage SFFA Treatment
period concentratio
(day) n (ppm) Cont.1? Cont.2 Trt.A Trt.B Trt.C Trt.D TrtE
Cs 2.8 35 38 48" 55  67* 657
0 Cs 2.1 21> 26> 23" 57 62* 717
Cs 1.2> 10> 1.3> 18® 25 31" 25
C1o 42> 33> 32" 43 67* 6.0° 6.1°
Cs 3.2° 36" 3.6° 44> s57° 68" 637
3 Cs 2.7° 2.2¢ 22 38™ 59 6.0 83°
Cs 7> 16> 11> 17 27 3.8 2.7°
Cio 4.8 3.1° 36" 46> 72" 98 71%
on 4.9  37° 3.0° 6.6 51> 97" 10.9°
6 Cs 3.7  25° 20° 55 68" 7.3 10.1°
Cs 1.8¢ 1.8 1.7 21" 29® 477 28
Cio 4.4 37 41° 59> 7.6® 10.4* 10.6
on 59 4.0 49° 80* 73 72" 11.8°
9 Cs 3.0 3.0° 2.1° 6.0 8.8 10.3* 12.5°
Cs 24> 21" 26 20 3.2 45* 3.7°
Cio 59° 4.8 4.1° 6.5 83" 11.3* 11.2°
on 5.8° 4.0 6.9 88> 97" 10.0* 13.3"
Cs 3.6°  2.7° 4.6  9.0° 102" 12.8° 154°
12 b b b a ab a a
Cs 2.6 2.7 2.7 3.9 3.5 4.6 4.8
Cio 4.1° 50° 5.7 89> 10.2* 12.3* 13.0°
Cs 5.7° 45° 8.6 9.3 84> 12.0* 13.3°
Cs 3.5° 3.3 7.6 101" 11.2* 13.4* 15.1°
15 b b ab b a a a
Cs 3.0 3.2 3.6 3.8 4.0 4.5 4.1
Cio 6.5°  6.0° 6.3° 94™® 127° 13.4* 13.5°

"Means within raw by the same letter are not significantly different (P<0.05)

*MilK used was treated with 1% [I-cyclodextrin for Trts

Cont .1 : no added, Cont. 2 : yogurt was treated with 1% [-CD

Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% EPO was added in each treated

cholesterol-reduced yogurt, respectively
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Fig 20. Production of total short—chain fatty acid concentrations in
evening primrose oil added andcholesterol—reduced yogurt

stored at 4°C for 15 days'
'MilK used was treated with 1% A —cyclodextrin for Trts
“Cont .1 : no added
Cont. 2 : yogurt was treated with 1% 8 —CD
Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% EPO was

added in each treated cholesterol—reduced yogurt, respectively
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Fig 21. Production of gamma linolenic acid in evening primrose oil

added and cholesterol-reduced yogurt stored at 4C for 15 days1

'MilK used was treated with 1% [I-cyclodextrin for Trts

Cont .1 : no added

Cont. 2 : yogurt was treated with 1% [~CD

Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% EPO was

added in each treated cholesterol-reduced yogurt, respectively

t}. Total free fatty acid

B-CDE At &utelsx FARF(EPO)E H7MAA Axd a72E9 A
F717F 5 total free fatty acid®] A3/l &3 FHES FA4s A= Fig 22004 9
2t} Total free fatty acid®] @28 A 7)7ko] Ao we} BE A8 7o A
Z7lE ek dubE el @ F2ZE control2 99.9ppmeol A 159 F 123.1ppmOo. =2, [
-CDE AHZ3 2F2E+= 939ppmolA] 113.8ppme 2 F71E A3, f-CDE A
3lo] EPOE 2% 713 QT2 Eo A& 999ppmoll A 123.3ppm o2, 4% 7Fe
Z2E+ 1145ppmoll A 137.7ppme-Z |, 6%% 714 126.2ppmeol A 151.1ppmo. 2, 8% %
7FAl 139.0ppmoll A 165.4ppm S 2, 10% A 7FA] 145.5ppmoll A 178.1ppme 2 =715
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Fig 22. Production of total free fatty acid in evening primrose oil added
and cholesterol-reduced yogurt stored at 4°C for 15 days!

"MilK used was treated with 1% P-cyclodextrin for Trts

Cont .1 : no added
Cont. 2 : yogurt was treated with 1% -CD
Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% EPO was

added in each treated cholesterol-reduced yogurt, respectively

AukAQl QF2EE dxwoeR ste] p-CDE Asta @ute]d Fak
(EPO)E H7bete]l Az e42ES A7|gte] wet Hlwg #ed7r 235
Table 420 YeERfATE SF2E+= 4TolA 159 &<t AFe 3oz 5
H7tstdth A% 0dell= control®] BH7H7F A =R wl¢ FA YEs AL, EPO9

il
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Table 42. Sensory characteristics for evening primrose oil added and

choesterol— reduced yogurt stored at 4C forlb days1

Storage Sensory Treatment
period(day) description Cont® Trt.A TrtB Trt.C Trt.D Trt.E
yogurt flavor 2.9 3.3  2.6® 21° 1.4° 1.4°
Off—flavor 29> 27° 33" 4.0* 4.1 45"
yogurt—taste 2.8  3.2° 2.7 26 22" 1.6°
0 Off—taste 29" 22 4.2 4.2° 4.2 4.7°
Rancid 3.1 1.8° 22¢° 30" 33" 3.7°
Bitter 2.8 2.7 3.1 34> 37" 4.6
Viscosity 3.0 4.2° 42" 45* 47" 4.8°
Overall 5.0°  4.8* 3.8 3.0 24° 1.7
yogurt flavor 3.0° 2.7  2.6° 2.1° 1.7  1.4°
Off—flavor 29" 28> 30" 35" 38" @ 4.2°
yogurt taste  3.1°  3.0° 2.8* 28" 27 1.7°
5 Off—taste 3.0 3.0 37" 37" 42® 48°
Rancid 3.1 2.0 22¢ 25 30" 4.2°
Bitter 2.8 28 31> 32" 35  4.1°
Viscosity 3.0° 3.3 3.7* 3.7 4.1 4.2°
Overall 5.0° 4.8 3.8 31" 29> 1.2°
yogurt flavor 3.0° 2.7  2.6° 2.1° 1.7 1.4°
Off—flavor 2.6 2.7 3.0 32" 36" 4.8°
yogurt taste 3.0° 2.1° 2.4° 2.6" 2.7% 3.2°
Off—taste 3.1°  3.0° 3.8 3.8™ 42" 50°
Rancid 3.2> 20 26" 28" 35" 4.0°
Bitter 2.7 2.1° 27" 31" 3.7* 4.2
Viscosity 2.8 2.8°  3.1° 37" 40" 47"
Overall 4.8° 45* 37" 36" 12¢° 1.2°

(continues)
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Storage Sensory Treatment

period(day) description Cont® Trt.A TrtB Trt.C TrtD TrtE
yogurt flavor 2.9 2.8° 2.6° 2.2 1.7¢ 1.2°¢

Off—flavor 3.0° 2.7° 3.0 3.2° 4.4° 4.5°
yogurt—taste 3.0° 3.2° 3.2° 2.6 2.7  24°

9 Off—taste 3.2¢ 2.8¢ 3.6" 3.6" 3.8" 4.7°
Rancid 3.0° 2.0 2.2¢ 28>  3.6® 4.2

Bitter 2.7° 2.4¢ 2.8° 3.0° 3.4° 4.1°

Viscosity 2.8¢ 2.8° 3.1° 3.5 4.1° 4.1°

Overall 4.5° 4.3° 3.8" 3.8° 1.7° 1.3°

yogurt flavor 2.9° 3.0° 2.7° 2.0° 2.0° 1.2°

Off—flavor 3.0° 3.0° 3.0° 3.5° 3.6° 4.2

yogurt taste 3.0° 3.2° 3.2 2.7% 24P 2.2

12 Off—taste 3.0 2.8° 35" 3.8" 43" 4.6°
Rancid 3.2 2.0 2.2¢ 2.7° 3.6° 4.2

Bitter 2.8° 2.4¢ 27" 3.0° 3.6° 4.0°

Viscosity 2.7° 2.8° 3.2> 35"  3.6° 4.0°

Overall 4.3° 4.1° 3.8" 4.0® 1.7 1.3°

yogurt flavor 2.8° 3.0° 25" 24P 2.1° 1.2°

Off—flavor 3.0° 2.7° 3.0° 3.5° 3.5 4.2

yogurt taste 3.0° 3.5° 3.1° 2.6 2.3° 2.2°

15 Off—taste 3.0° 3.0° 3.2° 4.0° 4.5 4.6
Rancid 3.2 2.0 2.1¢ 25" 3.4° 4.1°

Bitter 2.8° 2.5° 2.8° 2.8° 3.4° 3.7°

Viscosity 2.6° 2.7° 3.2> 3.6® 3.6 4.2

Overall 4.1° 4.0° 3.9° 4.0° 1.7° 1.6°

"Means within raw by the same letter are not significantly different(P<0.05)

The scale of sensory score : 1=very slight, 3=moderato, 5=very strong.

*The scale of overall score : 1=dislike extremely, 3=neitherlike nor dislike, 5=like  extremely.

SMIIK used was treated with 1% [~cyclodextrin for Trts

Cont .1 : no added, Cont. 2 : yogurt was treated with 1% [-CD

Trt A, Trt B, Trt C, Trt D, Trt E : 2, 4, 6, 8 and 10% EPO was added in each treated

cholesterol-reduced yogurt, respectively

9. & 439

gutol FA(EPO)7F HES] ZY|2HE shdiste] nxe 43S @3]
2135k high fat diet® 85F%F AFS38laL 857t rodent purified diet®} f-CDE A 2] 3}
i EPOE 10%A 7N A Axs QF2ES FHAAZ HES AF Z7h Alee A
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AL F ZU="HE9 =3 FAAZ, HDL-cholesterol®] 352 A3 Ays
Tables 43, 44° WeriSith. 43 HEZF B-CDE A2Jste] EPOE M7 8
E Ag2olE 8F &< sFHw 2197g/day AAFLH, xS diHA] 8=
ES}t 3/ A olE Wit 2273g/day HFAGAT HES] FA= 8FE<t EPOE
AHS 1EY dizarel A Zh7 77.02, 87.33g2 & WERTh HDL-cholesterol®] 5%
= EPOE A% 1Fo] AAsH] AR 352mg/dedl A 57.6mg/de= 22.4mg/de7t 5
7hetdal, 2 2AolE AF skl EPOE AFAsHA &2 xS 37.0mg/deol A 584
ng/de= 214mg/de F7bataAth SFel2~HE $E(TO)+= EPOE AAS 12 1328
mg/deell A 172mg/de® 39.2mg/de7F F7Fekiar, izt 117.3mg/deell A 175mg/deE
577 mg/de7t F7 ettt SAAA(TG) e Fxv EPOE AH e w2 73.5mg/deoll A
63.0mg/d0 2.2 10.5mg/de7F Akl ar, a2 51.8mg/deoll A 61.2mg/de= 9.4mg/de7}
S7Fstat. txad) vlaste] EPOE 10% A3 e 139 HDL-cholesterol®] &%=+
Img/d07F F7kste] o4 Aol= glley  EPOAF A 37mg/deol| Al 6559
584mg/de® F7tetlal, & Ful2HE FE7F tiEw ) vlalste] 185mg/di7h #H4
st om, TG sxE dlFETo] 94mg/di7t 718k ol Hlsle] EPOE A#H 3 1
2 105mg/de7F A3 A3 2 Hol LDL-cholesterol <27} Asle Aoz HQI

th webA] EPO] AAR FFUzvlEs ZAaAZ F dso] THEHAT

Watanabe 5*¢] mito] oJab 47%2] y-linolenic acid(GLA)E 3%
GLA-rich diets AF#HAAIZ AEZF &% HDL-cholesterolo] =LA F7isttial Bl
atgith. 2183 Morita 5 e] ®ae] oWl GLAZ £33 mold ol A7
NEANAN FZY2HELS 721713 HDL-cholesterolS S7HA At 235 Wil
. HYe mauelME Qo] FARE Aol9 15%FFoE AFHAZ YE
A B FFUzEEo] fHadste ARE HEHHT B AR E F Y2
= sx¢ TGY Fx7F Faske o dAAEH dAGRoYH
HDL-cholesterol> thzw3 2% 2po]7b Qe AdE VeIt

Kannel S™o] ¢]&d EPO¢| hypocholesterolemic effect’= 3= ~HE 4
o] 190mg/deol 3 weol Bt o g3 &35 7|d & Ao 1 ofstel
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Table 43. Effects of experimental diets on food intake and body weight gain.!

Treatment Food intake Body weight gain
(g/day) (g/ 8week)
Control? ' |
22.73% 87.33°
EPO’ 21.97° 77.02°

'Rats were fed for 16 weeks. Means within column by the same letter are not
significantly different (P<0.05).
“Control : no added

%10% EPO added cholesterol reduced yogurt. (2m¢/day)

Table 44. Effects of experimental diets on the change of blood triacyl-glycerol,
total cholesterol and high density lipoprotein in rats fed for 16weeks'

TotalCH TG HDL
Treatment
Initial Final Initial Final Initial Final
(mg/dL)
Control? 117.3° 175.0° 51.8" 61.2° 35.2° 57.6
EPO? 132.8° 172.0° 73.5° 63.0° 37.0° 58.4°

"Means in a column with the same letter are not significantly different (P<0.05).
“Control : no added

310% EPO added cholesterol reduced yogurt. (2m¢/day)

S QT EES A ATEEE Y& Al AN 1FF FFY
2 Eo] 5~10% zAadtta 39tk Jaspers =77 1072 Aol walol Al w
68lge] STEEE 14721 St RFaA &= A € T FHzdHE dES 1
0~12%7 24 ANzt wustgich £ Thakur 57 nZe2dE Alae 37

EFE w3 BE7dA SAHT dF FH2HE Fo] a2z HE AARTS

a2

ol Ezle dF ZyxHEwo @SS @Atk Grunewald™E L
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il
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1. 24928 AAeS dHAHE 2 22o)FE FARFS gamma linolenic
acid A FE4

-CD A#ste] Ful2vES AAS F EPOE #71g Cheddar cheese®] &
daEE AAEY dubgELS thg Table 4500149 2t ZU2EE A A&l A
control #|=%1 A5 ZFU2HES A A A Ko f-CD A& g A =(Trt. A)
= 91.2%, 1% EPOE #H7Fsk X =(Trt. B)= 91.8, 5% EPOE H7tst X =(Trt. D)
= 932% EPO M7} vl&o] E&45 T/l A v EPOE 71 stadeEt= 9
A Aol UEhEA ghotth B A¥3 e 2A0E Kwak 579 Aol E B
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= AAES Ut st 2 A3y dAsn i 9 Control #2191
A9 383, Trt. Ax 422, Trt. B& 355, 5% Trt. D& 34.4% control@} H]LA] Yk
Ve ITE =AY S
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Table 45. Mean chemical composition of cholesterol-reduced Cheddar cheese.

Component Moisture Fat Protein Cholesterol Yield

Removal
Con 38.3° 36.0° 28.0° 0.0 10.5°
Trt.A 42.2° 34.5° 30.8° 91.2° 12.5°
Trt.B 35.5° 40.2° 29.9° 91.8° 15.0°
Trt.C 35.3° 41.5° 30.2° 92.1° 13.0°
Trt.D 34.4° 42.2° 31.3° 93.2° 14.0°

"Means within column by the same letter are not significantly different (P<0.05).
“After cream separation cream was treated with 10% [-CD and blended with
skim milk at 1,000 psi for Trts. Con : no added, Trt. A : Cheddar cheese was
treated with 10% BE-CD

TrtB. Trt.C. TrtD : 1, 3, 5% EPO added cholesterol-reduced cream,
respectively

2. Cheddar cheese A ®AF3l = (TBA)W 3}

[-CDE #Hesle EPOS #H7Fst Cheddar cheese 9 &4 & AWAtses
=43 23 439 Fig 233 2o ¢vbd <l Cheddar cheese ¢! control®] 7%
=4 0= 0.1459014 54 1659 = 0.142, 54 325+ 01442 A uksl =7}
WA= Akl Fo]F AolE HolA gty whHo| f-CDE o] &3te] =2H ]
ZH 28 ES AAT F Cheddar cheeses AZx & AP 4 050l
0.144% control# FAEE A5 UYEHHA oW, A4 4F5FEH= 018, <54 85l
= 0204 o] MyPAFEH AWASE(TBA)7E EokA+ AdE AAH

Kwak 5 19¢] A5 A45}e] o)abd f-CDE o] &3te] Ay Ze =SS A7
d Az=e S W AYH 2, 4, 6, 85 HHHE A=
747k 8,16, 24, 32 F 4% fAlstt AL Rustlon 9 Ao E e A

5 ddth B-CDE o] &3le] F2HES AA T EPOE #H 713

+ control X &) A
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Fig 23. Changes of thiobarbituric acid(TBA) values at 535nm in evening
primrose oil added and cholesterol-reduced Cheddar cheese
ripened at 7C for 8 weeks!

'Cream used was treated with 10% [-cyclodextrin for Trts

Con. : no added, ripened at 7°C for 32weeks.

Tit. A @ Cheddar cheese was treated with 10% [i-CD

Trt.B, Trt.C, Trt.D : 1, 3, 5% EPO was added in each treated
cholesterol-reduced Cheddar cheese, respective

Cheddar cheese °IA+= 1% #H7F Al 74 07l & 0.145014 =4 45+ 0.186,
=4 8Foll = 02092 F7hE o™ 3% H7F Al S %716 0.1460014 0.2132=
Z7FE R o™ 5% H7FAl 0.14500 4 02272 Z7FE e p-CDWS A3 A3
T 22 S Bl SAEFF AR A S HAL contol S Al
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acid £ =X3pAAto]l x9kro] 9l7] wiiEel EPOS H7b Wl&o] &=
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7}. Short-chain free fatty acids 3}

2 A¥E EPOE #71ete] A|F3e Cheddar cheese? %43 <tel Short-chain
fatty acid(SFFA) Aol #ste] 4] gk A= 1 A= Table 460 YERNSIL
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g B-CD Agsk Aol 0Fl= controlol HIske] AFA kel Wt =
o} 0Foll &= 785ppmel A 459 = 90.1ppm, 8Fo+= 103.3ppm e & =715 At *=3
EPOE #H7Ist xz9] Aol 1% H7F Al 0FolE 756ppmollA 8Fol=
105.7ppmel™, 3% # 7} A] 059l 76.1ppmolAl 85l 110.7ppmeol™ 5% X7}
Al 0F9l = 80.6ppmell Al 8Fol&= 1183ppme E EF &AEFE Z7le gt AF
AR A ze] A3 #-ste] Ao AydFE AFAPAte] F7ksHAl Hnt
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S0 B-CDE o] 43t cream® ZF#~H =S 2 A3 Cheddar cheese®] 37|
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Table 46. Concentrations of short chain fatty acid in EPO added and

cholesterol-reduced Cheddar cheese ripened at 7C for 8 weeks!

Ripening SFFA concentration (ppm)
period Treatment
(week) Cs Cs Cs Cuo
Con 18.2° 17.17 20.4° 15.5%
Trt.A 19.3° 16.9* 21.9 20.4%
0 Trt.B 28.3% 16.5° 11.7° 19.1°
Trt.C 28.7% 16.8% 12.1° 18.5%
Trt.D 27.22 19.7 13.3° 20.4%
Con 19.1° 17.22 21.7% 25.9%
Trt.A 22.7° 17.32 22.1° 24.9%
2(8) Trt.B 30.6% 18.5° 13.4° 21.6%
Trt.C 31.4° 18.1% 13.4° 23.5%
Trt.D 31.4° 20.22 15.2° 23.3%
Con 18.7° 17.8° 21.8% 29.2%
Trt.A 22.9° 18.6%° 22.97 25.7°
4(16) Trt.B 31.2° 19.1% 14.1° 22.5°
Trt.C 33.7% 19.5° 14.8° 26.7%
Trt.D 35.5% 23.5% 18.22 27.4%
Con 19.8° 18.1° 23.5% 25.9%
Trt.A 23.6° 18.2° 24.22 26.3%
6(24) Trt.B 32.5% 20.5 15.7° 21.8°
Trt.C 36.6% 21.3% 15.8° 30.9%
Trt.D 35.97 26.37 19.6% 28.87
Con 21.5° 18.7° 25.32 27.0%
Trt.A 27.8° 19.6° 26.4% 29.3%
8(32) Trt.B 37.9% 22.8° 16.7° 28.3%
Trt.C 39.62 24.9° 16.6° 29.62
Trt.D 40.22 28.7% 18.9° 30.5%

'"Means within column by the same letter are not significantly
different (P<0.05)

con. : no added, ripened at 7C for 32 weeks.

Trt. A : cream was treated with 10% BE-CD

Trt.B, Trt.C, Trt.D cream was treated with 10% [({E-CD and 1, 3, 5% EPO
added
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Fig. 24. Production of total free fatty acid concentrations in evening
primrose oil added and cholesterol-reduced Cheddar cheese
ripened at 7C for 8 weeks'

'Cream used was treated with 10% fi-cyclodextrin for Trts
Con. 1 : no added, Trt. A : Cheddar cheese was treated with 10% [E-CD
TrtB, TrtC, TrtD : 1, 3, 5 EPO was added in each treated

cholesterol-reduced Cheddar cheese, respectively

Y. Gamma linolenic acid

B-CDE A& dtal EPOES H7bshe] Alx3
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3 A= GLAZF SA A @2¢kal, EPO9 H7F v o] 352 X =9t
GLAZ} #4243 =A SA4¥A. 28y Ag73te] AREF5 1% H7b Al

19.02ppmol Al 859%ppme. =2, 3% H7F Al 45.01ppmol Al 23.19ppm, 5% 7} Al
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@

74.66ppmol A 32.41ppmo 2 7}z Ful oA 7 adts AFS B
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Table 47.

Textural properties

in EPO

added cholesterol-reduced

Cheddar cheese ripened at 7C for 8 weeks!

Ripening
period Treatment Con Trt.A Trt.B Trt.C Trt.D
(week)

Hardness 804.6 11945 1846.8 2112.0 1977.9

Elasticity 60.7 76.2 90.7 90.5 91.2

0 Cohesiveness 53.5 91.4 78 86.9 84.5
Gumminess 201.6 307.3 800.3 889.4 602.6
Chewiness 122.4 296.0 726.5 730.5 819.7
Hardness 1387.1 1993.0 2601.6 2250.7 2260.4

Elasticity 75.8 76.3 95.2 95.1 91.9

2(8) Cohesiveness 62.6 93.2 78.8 87.8 88.5
Gumminess 1181.6 416.8 831.3 804.8 752.5
Chewiness 849.0 401.5 935.1 761.4 889.9
Hardness 1041.9 1251.2 2031.6 2453.0 2177.8

Elasticity 79.6 86.3 94 93 92.8

4(16) Cohesiveness 64.1 106.9 81.2 88.9 87.2
Gumminess 781.2 547.6 1233.4 676.0 795.4
Chewiness 622.2 421.6 1160.1 636.9 733.3
Hardness 5328.2 1220.6 3797.6 2362.3 2057.5

Elasticity 78.1 84.5 93.9 93.2 97.7

6(24) Cohesiveness 65.7 103.5 80.1 87.2 91.1
Gumminess 576.3 577.6 1167.3 795.4 682.1
Chewiness 402.6 433.0 1223.4 733.3 666.6
Hardness 5542.2 13525 3479.7 1994.2 2426.2

Elasticity 76.7 85.3 93.8 92.8 93.6

8(32) Cohesiveness 66.6 91.6 81.6 87.3 87.6
Gumminess 439.5 623.4 1488.3 974.1 857.2

Chewiness 337.2 398.8 1342.8 899.9 714

'Means within raw by the same capital letter are not significantly different

(P<0.05)

con : no added, ripened at 7C for 32 weeks.

Trt. A : cream was treated with 109 [-cyclodextrin for Trts
Trt.B, Trt.C, TrtD cream was treated with 10%
5% EPO added
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EPOE %7}% Cheddar cheese® #Hs3AF H7he= tha-©] Table 48 oA ¢} 2
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Table 48. Sensory characteristics of EPO-added cholesterol-reduce

Cheddar cheese ripened at 7C for 8 weeks!

Storage Sensory Treatment
period(day)  description Cont Trt.A Trt.B Trt.C
Rancid 4.0P 4.3 5.0 5.3
Bitter 4.0° 4.3% 4.5° 4.1%"
0 Cheddar flavor 4.0 3.6% 3.4° 3.3°
Off-flavor 4.0° 4.1 4.5° 5.1%
Texture 4.0° 4.2% 4.5° 4.6°
Overall 7.0 4.3° 3.0° 3.2°
Rancid 4.0° 4.4° 5.28 5.42
Bitter 412 4.4° 4.3% 4.2°
2(8) Cheddar flavor 4.2: 3.7*:’ 3.5° 3.4P
Off-flavor 4.0 4.1 4.6° 5.0%
Texture 3.7° 4.3° 4.4° 4.5°
Overall 7.0 2.7° 3.4° 2.7°
Rancid 4.0° 4.5° 5.28 5.5%
Bitter 4.3° 5.0% 4.4% 4.6°
4(16) Cheddar flavor 4.3% 4.0 3.5° 3.4:
Off-flavor 4.0° 4.1% 3.7° 3.5
Texture 3.5° 4.2° 4.3% 4.5°
Overall 7.0 3.8 4.3° 1.4°
Rancid 4.0° 4.6° 5.28 5.5%
Bitter 4.2° 5.3% 4.8 5.12
6(24) Cheddar flavor 4.3% 4.1% 3.7° 3.6°
b b b a
Off-flavor 4.0 4.1 4.2 4.6
Texture 3.4P 4.2% 4.2% 4.6°
Overall 7.0 2.7° 3.4° 2.7°
Rancid 4.0° 4.7° 5.3% 5.7%
Bitter 4.9b° 5.7% 4.0° 4.6°
8(32) Cheddar flavor 4.3% 4.2% 3.8% 3.6°
Off-flavor 4.0° 4.3° 4.7 5.3%
Texture 3.4P 4117 4.2° 4.4°
Overall 7.0° 2.77° 3.4° 2.7°

(continues)
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Rancid 4.0° 4.7° 5.3% 5.7

Bitter 4.2 5.7% 4.0° 4.6°

8(32) Cheddar flavor 4.3: 4.2: 3.sa: 3.6°
Off-flavor 4.0 4.3 4.7° 5.3

Texture 3.4° 4.11° 4.2 4.4

Overall 7.0° 2.77° 3.4° 2.7

"Means within raw by the same letter are not significantly different (P<0.05).

The scale of bitter, off-taste, off-flavor, texture: 1=none, 4=moderate, 7= very
strong.

The scale of overall scores: 1=dislike very much, 4= neither like nor dislike, 7= like
very much.

'Cream used was treated with 10% B-cyclodextrin for Trts

Con. : no added, ripened at 7°C for 32weeks.

Trt. A, TrtB, Trt.C : 1, 3, 5% EPO was added in each treated

cholesterol-reduced Cheddar cheese, respective

6.5=439

High-cholesterol, high-fat dietZ k2] 67 & H Ao HAFH S 26~
26.1g/day°l™, B3t AFE control? 5% EPOE H7het AdrellA 27t 66.59
773g o2 2 Aoli= Ho|A ¢t} 55 F<F high-cholesterol, high-fat dietZ
wolgh & €4 24 Z3% control? AL FEFULEHE RV FHEAHOR
15349} 184mg/deelth. 2 HAES 93t 65 &<t control HEA ZFel ~HE
of AAHA e A Z9} fat-free dietE wolstda A HEA 5% EPO
S H7FS A =9} fat-free diets &3t g3 &
A7} control AES] dF Z ~HEL 1534904 165.8mg/dl=E 8% T 7tsle] 7
Aoz Fa3 Aol= YERUA] ot A3t HE| A= 184004 137mg/dl
2 85 FdaHEo] 26%=2 #4st HDL-2d 2 &0 X 5% EPOE
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A7Fe AolE AAT Aol 374014 388mg/dlE  1.4mg/deo] S 7FstAAIRE
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Table 49. Effects of experimental diets on food intake and body

weight gain.1

Treatment Food intake Body weight gain
(g/day) (g/ 6week)
Control? 26.0° 66.5°
EPO? 26.1° 77.2°

'Rats were fed for 12weeks. Means within column by the same letter are not
significantly different (P<0.05).

“Control : no added
%596 EPO added cholesterol reduced Cheddar cheese. (0.5g/day)

Table 50. Effects of experimental diets on the change of blood triacyl-glycerol,
total cholesterol and high density lipoprotein in rats fed for 12weeks!

Total CH TG HDL
Treatment
Initial Final Initial Final Initial Final
(mg/dL)
Control? 64.5° 63.5° 153.4°  165.8° 32.3° 31.4°
EPO? 53.9" 60.8° 184 137.1° 37.4% 38.8%

"Means in a column with the same letter are not significantly different (P<0.05).

“Control : no added
596 EPO added cholesterol reduced Cheddar cheese. (0.5g/day)
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A 6 2 Gamma linolenic acidE 713 5

U zHEAS HE &3 dF

1. ME Y dut A8 4
AdS B-CD Agste] ZU2HES AN §F A= #HEe B-CD A
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F GLAZ #7He vlEe] 9w 4RS BAE 2% 58 3
A& 77.3~782%, 0WAL 20~23%9 2& A¥dE AR o= Uk
QMBS AR FATHE woth BAAHE AALL 9027-982%% o]t

Ahn¥ KwakWe] B uslx x99t}

Table 51. Mean chemical composition of butter treated B-CD and added

GLA'
(o)
Component Control® Trt A® Trt B
Fat 77.3° 80.6° 78.2"
Moisture 18.8" 16.9° 19.6
Protein 2.4° 2.3" 2.0°
Cholesterol
0.0 93.2° 92.7"
removal
Yield 37.7° 46.6” 48.0°

"Means within column by the same capital letter are not significantly
different (P<0.05)

“Control : no added

Trt. A : butter was treated with 10% (f-CD

"Trt. B : butter was treated with 10% (f-CD and added GLA

2. A7 (acid value)® 3}t

A7te fx9 BE 7FE S 93l WEE WMERA §2 2 $x2 9
freb AFel Fd #AAHo HQs sholn, 53] FA9 Ad A=E YERdE
7150 H= grolup™,
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[-CD A& 3ko] cholesterols A|AS & GLAE #H7hgk My A4 7]
T AE EAH3E A3E Fig. 259 YERNI Y. ddbE el ¥E 2l control9
A5 A 0F= 09527904 A 250l 168330, 450 & 1674602 W
3}at9la, B-CDS 2 2]38le] cholesterolS A1 713 BlE &= A 05l 0.623490 A
0.7481, A7 4F = 1.93272 A% 713te] A} &4= A7t wof
A= AoE 4o, 1 F2 controld A Z FAFSEA T B-CD A8 & AX
T GLAZS #7138 WEE A% 0Fdde= 25370014 A 250l= 29875, A 4
Foll & 3407322 Frteton ol Al AF7|re] A el whet AW Abst
E7b skl o1 A& control?® [-CDRRE A MEHRT O &7

=499t Smith™e] 9w Bx3t xuate] A9 24 ghu)zde] o3 o

2]

REgoll oleto]l AFakst duta Basklvh & A BEH H7FgE GLAZE
XA Lo R AAkstEd JES A= Ao dAdEn

Acid value
n
o\l

0 - .
0 2 4

Storage period (week)

Fig 25. Change of acid value at treated with B —CD
and added GLA in butter stored at 4C for 4 weeks

'Con : no added
“Trt. A : butter was treated with 10% E-CD
Trt. B : butter was treated with 10% E-CD and added GLA

- 183 -



3. TBAS ¥3}

f-CDZ cholesterols A7 & GLAE #H7ist WE A7 ¥ TBAE
SA% A= Fig. 2600149 2ok a3l BE ] control®] -9 A% 050l
= 0.0845901 4 A 25:0l+= 0108322, 457 = 0.1661% WH3}s L, B-CD A
g & o] WME Y cholesterols A7 HE = A% 0Fol= 01324004 A7 2
Foll= 0.1083,4% 4= 0.1861= A& 7]3to] A4S TBA X7} o}
A= Aas e, I §2 controldt AR ARSI B-CD A2lE AR
GLAE #7138 WHE A4 05+ 0.14539014 A 25+ 01635, A% 4
o= 0.1861= o= A AF7|zke] Ao wep AW 4bstwErF FUkekgl o
2 A= control?} (-CDWHE AElgh M ET & gs LeRlo] AW Akt
£ detdies A7kek fARE A3E 5ol

2 AN ot

o5 - ——CON
’ —l—Trt. A
—Ak—Trt. B
E
5 0.2 ¢
3
g
& 0.1 .
<
0
0 2 4

Storage period (week)

Fig 26. Change of TBA at treated with }-CD and added GLA in butter
stored at 4C for 4 weeks

ICon : no added
’Trt. A : butter was treated with 10% BF-CD
Trt. B : butter was treated with 10% E-CD and added GLA
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4. Rheological property

HEY EAHE =A37] 9] RheometerE A23F9] hardness,
elasticity, cohesiveness, gumminess, chewiness® ZAslgon 1 Ay=
Table 52°1 YEFH AT, HE 2 hardnessE =733 A3 controlol A= A% 05
ol = 4571, 259+ 5157, 45+ 6831Z FX7F AH Z7Fskder. 28y i
-CD AHzl% WEe9l GLAE #H7Fe HEHE Zrol mE §o A2l o]t
At Elasticity~ EE A3 oA 22 43S Holm {4 AolE o
Bzl gkkoy p-CD Heldh Adate v Adatdd nuste] w2 FAE
Ueh Sl tl. Cohesiveness® 7% control A% 050z 27.2004 454 ol 43.8
2 [-CD¥E Ags HE = A% 0Fo= 46844 A% 4F7#d = 5062=, [

-CDE o]&3d ZY="HES AAIL T GLAE 73 HEHe AF 05T

2
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X
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24104 AG 4FA ol = 436202 22 AFgS Holn T e RS AFT

A AT Gumminess®t chewinesst® EE AgToA vre =45 Yeh)gloy

A 0FAATE 4FA7EA] oFHA Frheke Aol BAAth B-CD A2l A3+

< ue AEay nlaste] RE 244 SAdAM AR 2 FAE UE

Ao A% 7|3ke] AojdgE FA7F St A2 TEHeldn. agE
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Table 52. Textural properties in butter treated B-CD and
added GLA at 4°C for 4 weeks!

Treat Ripened hard elasti cohesi gummi chewi
-ment (week) -ness -city -veness —ness -ness
0 457.1 474 27.2 17.6 13.6
Con® 2 515.7 57.0 36.7 21.7 16.7
4 683.1 63.8 41.8 26.2 19.6
0 666.2 86.6 46.8 21.1 18.3
Trt. A3 2 683.2 93.3 46.3 20.4 19.0
4 686.5 96.0 50.6 30.2 20.0
0 596.0 43.3 24.1 18.0 13.5
Trt. B 2 564.1 39.2 32.1 24.2 21.7
4 628.1 454 43.6 25.3 21.5

"Means within column by the same capital letter are not significantly
_different (P<0.05)

%Con : no added

*Trt. A : butter was treated with 10% B-CD

"Trt. B : butter was treated with 10% B-CD and added GLA

5. &5 HA

U zHES AT F GLAS H7Hg W #sHAL A= Table
530 A 9F Zo] el 4TolA 47 &9 A HEHE 71X 1 texture,
color, ©]# (off-flavor), <4, Aot 7§49 7|2 5& 7THHoZ HILeH Y.
Texturex At 7ol Fo4 Aol& YEWA oy =7 Axmes AF
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Table 53. Sensory characteristics for butter treated B-CD and added
GLA stored at 4C for 4 weeks'

Storage Sensory description
period Trea13c— - - -
ment  Text- .. Bitter- Acid- Greasi Over-
(week) Color Rancid ) 9
ure ness ity -ness all

Con.®> 4.0*  4.0° 40> 40> 40> 40> 1.4
0 Trt.A 4.2  47° 34> 40> 41° 41° 15
Trt.B  4.0° 55° 48 45  46* 55  3.0°
Con.  4.0*°  4.1° 4.8  42* 41* 45° 1.7
2 Trt.A 3.7 48"  45°  44*  42° 46> 1.4
TrtB 3.7*° 55* 49* 47*° 43* 57 29
Con.  4.4*  42°  42° 45>  44* 49 1.2¢
4 Trt.A 44* 50> 45 46> 44* 50° 1.8

Trt.B  4.2° 6.0° 4.9° 5.3 4.7° 6.0 3.0°

"Means within column by the same letter are not significantly different
(P<0.05)

The Scale of sensory score : 1=very slight, 2=slight, 3=slight-moderate,
4=moderate, 5=moderate-strong, 6=strong, 7=very strong

“The scale of overall score ; 1=like extremely, 2=neither like nor dislike,
3=dislike extremely

*Con. : no added

‘_‘Trt. A : butter was treated with 10% (F-CD

°Trt. B : butter was treated with 10% @-CD and added GLA

Lillard 5™e $# AWde 23 Fx¢ TBA #, sy g 2
carbonyl # 3 Atal# @A = =& A
A kst E7E =S GLA H7F WEAA olF e om 7t v AstA =A%
A A g},

A7F 9tz BR1udk Aoz Hol

e

6. 3E4d
GLAZ} H7hd WE e 45 Za&dHE Ast 7les #2367 St dE

o] 653+ high fat diet® A}53t3L 65:%F rodent purified diet®} Z+Z} control W
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g, [-CD A= Fa=dHE&S A7 ¥y a8a j-CDA2l § GLAS 7t
3 HEHE £33t AFAANZ RE] AT T/, AR AFAY, T ZFdzdHE
o] slakyl FAXF, HDL-cholesterol®] S =43 Z3E Table 54, 5500
et At A3 BE= control HEZE H7tE HAE AolE 657 &< o F A
22.18g/day AFA Ao, -CD A= ZFdzHEo] AAR HEZ H7td AF
2lo]= 20.54g/day, GLAZF H7Fe WE7E &3td A3 Aol& 22.69g/day A
gt AES FAE 65 B<F control MEE E3tet Aols HIH 1HFH @
-CD A WEE 73 Hols AAST 1w, 183 GLA HEE &g 2o

S AAT 2FA 72 12565, 12043, 1156.17g o2 Vet

Table 54. Effects of experimental diets on food intake and body

weight galin1

Treatment Food intake Body weight gain
(g/day) (g/6week)
Control® 22.18° 125.65%
Trt. A2 20.54% 120.43%
Trt.B* 22.69° 115.17°

"Rats were fed for 13 weeks. Means within column by the same letter are
not significantly different (P<0.05).

“Con : no added

STrt. A : butter was treated with 10% [-CD

"Trt. B : butter was treated with 10% (f-CD and added GLA

FdES A B3 Ay F FY2HE FEE control HEHE AFHI 1
F< 151.2mg/dldl Al 230mg/dIS. 2 78.8mg/dI7t 57189 A, B-CD AHE & 3 H
BE AA% 252 153.8mg/dlel A 201.8mg/dlo-2 48.0mg/dI7}, GLAE #H7}+3t
HE A3 1852 1144mg/dlel Al 190.5mg/dIe. 2 76.1mg/dI7} < 7Fakith.
HDL-cholesterol ¢ %% control HEE HFHIF 2152 37.5mg/dlolA
48 7mg/dl= 112mg/dle] 712 w9, B-CD A3 wEHE HHI} a1ge

=
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37.8mg/dlell A 48.7mg/dI= 10.9mg/dIvH= S7etdth GLAE #H7hs HEE 4
3 18 34.7mg/dl~405mg/dlE 58mg/dIvHE9e Z71E B Hth. Control H
HE 43 252 Fd ez AA" HEHE 43S & 15 w8 5
ZHUzdHESe] o Bdth 2y GLA 7P BEE AHE 1F9
HDL-cholesterol®] <7h= ##E A k=l 1 olf= 949 AH3s= GLAY

Fol AAaL Aol 7|gbo] FropA o] ZE FAIVF v o Alsdn.

Table 55. Effects of experimental diets on the change of blood
triacylglycerol, total cholesterol and high density

lipoprotein in rats fed for 6weeks'

Total CH TG HDL
Treat-
ment

Initial Final Initial Final Initial Final

(mg/dl)
Control*  151.2"  230.0°  35.5° 25.5®  37.5%" 48.7°
Trt. A3 153.8  201.8*  30.2° 10.5° 37.8% 48.7*
Trt.B* 114.4°  190.5®  22.2% 13.0° 34.7° 40.5%

zMeans within column by the same letter are not significantly different
P<0.05).

“Control : no added(0.5g/day)
STrt. A : butter was treated with 10% B-CD(0.5g/day)
"Trt. B : butter was treated with 10% F-CD and added GLA(0.5g/day)

9 Aol Fgx ol Ao 251, control HE S H|Ee] HF 93%2] =4
2HES A7 GLAE H7Hg HE o] A% 7|3F &t Aitstes &
et ot x4 B4 K
th B H7tA A= ol et o]HE TAAAA uigA et A e AFRE KGO
v, AE A3 A7 5 FYU2HEY FAAALY FA

AR
ong dF ZHzEHE A 7o 7H MEHEA ] Ywol dvta AbRE
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