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1.

SUMMARY

Development of a bioconversion technique for the pigments of the petals of

safflower {(Carthamus tinctorius),

1)

Isolation and identification of yellow pigments from petals of safflower
and isolation of carthamin,

Study on physicochemical properties and stabilities of pigments from the
petals of safflower

Investigation of optimal conditions of carthamin biosynthetic enzymes,

Study on the biosynthesis of carthamin from the petals of safflower.

Development of blue pigments from Gardenia by bioconversion techniques.

1)
2)

Isolation of geniposide and other iridoids from Gardenia jasminoides.
Structure determination.of geniposide and biotransformation of Gardenia
blue pigments.

Stability and functionality study of gardenia blue piments.

Isolation, structuralﬂ determination and characterization of the

intermediates of Gardenia blue pigments.

Development = of production processes for the natural pigments by

bioconversion techniques.

Study on pigment extraction from plant sources,

Study on the reaction processes and extraction reactors,

Study on the process operation and the system of integral processes.
Evaluation of practicality and economics on the pigment production
processes,

Study on the scale up systems for the pigment production,



4, Development of wutilization of natural food colorants by bioconversion
techniques,
1) Sensory characteristics of model functional beverages containing
bioconverted Gardenia blue and Safflower yellow pigments,
2) Effect of emulsion state on the physical properties of Carthamus red
pigment.
3) Physicochemical characteristics of Dasik with bioconverted Gardenia blue
pigments.
4) Effects of Safflower yellow on sensory characteristics of gellatin jelly

and starch gel-Kwapyun,
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L-Phenyialanine

PAL*
CdH*
4CL*
p-Coumaroyl CoA
CHS 3 Malonyl CoA
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l / Glucose

Y
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Precarthamin
decarboxylase

Carthamin Precarthamin

Fig. 1-1. Proposed biosynthetic pathway of carthamin
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< ¥ gy 1-3). whebA Fel X2t AEHE JE7&2 & A1

16



Wenelergth Winglergth

Fig. 1-2. UV/Vis spectra for the formation of blue pigment from genipin with
amino acids in 100mM phosphate buffer, pH 7.0 at 70C. (Scanning interval
5min) (A) Glycine, (B) Alanine, {C) Histidine, (D) Lysine, (E) Phenylalnine,
(F) Glutamate
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Fig. 1-3. UV/Vis spectral changes of enzymatic conversion of precarthemin to

carthamin, Carthamin was produced from precarthamin by the purified enzyme

from the yellow petals of safflower in 50mM citrate buffer, pH 5.0.
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T+ ¥ U EE=E dAFAY & I RS
A2} MANE U iridoid HYBe] e

PhE| A MA4E 2ol U |- A% 4adEe T2

(1998) (M4 REHH JN2QF| - FEHP A Xz} ALY A7
A7 Basel R4 2 Aed @7

. A AAL BBRS VAT 4T

oo | A1 BAEAL AT |- A% 3440 Fol % HYT2 32
2218 BN 4Ry BTy 544

21




TH A3AF24A] © AFHB VAN ML Y43 e

> #arAuss @FAY UE R ¥
|- 4EA AEEdY 2EUsd UxE 9% @7
1Y B2 R AL |- AL2EE0NY 4BED
(19%8) | FEFF AT |- HAFE Solol AU FEVEY 97
. 23 987 % 23 @7
239 29 98 47
. . 3UFE Asd e
2| BT dads
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E AL 2 “silaE FHE AU ABHS 2R AL A
AW 1) FA(AR) MadRe) YEUD J1S A 2) 4B RV AP Xz} A
Ao Y 3) ABRB DA FHL ANDH JlE Y 4) ABAB NA 4§
£ NE g71E AR 4rhRol ARIAS FAFHC] otk # A= 24D T
2 AYY AFUEE THOET Systel TR AP=E(HATUEA ) Ya
CAo] URSIGT 188 =B U&T oA LEsATH 2F Yo U L&y
of UEY PP the BTk |

gex UE =2
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A 2 & Zsh(alZ) MadEe 48 7= Y

23 BYY F HA2Yy F 90wolde] AR FAPES glen FMAHC]
AT Qe ANAE 28 ZA%ct. X3 HAAQ carthamind safflower
yellow A, B&} precarthaminC 2 HE 3 HZoZ AN 8 AiG AL
g Helsle ¥2Y 4 AR /Aucid s dabe] YA FRe] ASRe
= ztgc) olgt dEo TAuE F Ut Aulerte] £5E A FoiAA
£ glgZlolth & QoA E 4 HAGES Fltte FHNL doW A M4
BEe By B4 dFsiden, AL Yol Hoshs ZaE Fel B

=
st BYE RABIE TL & FoiE Y ATE +¥Usidch

1. 3 443 22 L AEER dF
7t B4 BA2xH £ FX

2 Re Frixle] Ha4E Felsla WR EHFE o83t F2E B

olTh

1) Safflower yellow A

X3} ZQl(50g)S MeOH:H0(3:1, 240m1)E F&F ¥ BUeHT ¥, $2 AL
Sephadex LH-20 columnol] 7}5}3L MeOH:H,0(3:1)2 ®&3tgdcl €298 7tk
% preparative TLCE o]|&38}o] Ee]dlil, ThA| preparative HPLCE o]|&3lo] el

stedc) Hal® Mis MRS o]85te] T2E EAsich 'H NMR spectrum 248
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3 2l Mae shte chalcone moietyt ¥ 7He] glucose7t Z¥F ] ULS
o 4 9lal3, 'C NMR spectrum} HMQC spectrumd 243 A Eejg MaAs
safflower yellow AR HAE A} (Fig. 2-1).

2) Precarthamin ,

el =3 Z(200g)S MeOH(1.51)2 24Xt 323l AT F 1%
TFA-acetone(400m] )28 &3t} 22948 ZIete23 ¥ Sephadex LH-20 column
of 7183, 20-80% CHiON-H0(1%TFA ZH)E -§&31%ch Sepadex LH-20 column

248 B3 223 MAL= F 719 chalcone moiety2} ¥ 78l glucoseZ} ZHYUE
deg ¢ 4 UAT Y st carboxyl groupe] i@ ¢ 4 ldch 'c
NMR spectrum, HMQC spectrum, HMBC spectrumg =4% ZA2} ¢ HMias
precarthanin® @ AAZYUcHFig. 2-2).

U FE A0 22

& FFTE UANT AHeste #84 BHLE AASL Z7]FolA
Azstgct. 2z Zd& BT F 0.1M KL0; §Hoz F23513, YAE
3 2zdg g ¥ BALY 0.5M citric acid® A7IStR BRI 1247 &
T F faPesidcy. BAH HAE MeOHE %9 ¥ UMeA3FI3L Sephadex

F¥ste] Xu} A4 carthaning Fe|sHaich
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2|t 3l AL carthamin® 2] F5upAto] 251nme}t 516nm ©]™, molar
extinction coefficient® 5.3%10' Mlecn? ojgtHE®E 2-1). EI s
precarthamin?} safflower yellow A2} Zlcf &4 DA W molar extinction

coefficient: olz] Ee&} Zr}
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X 2-1. F3 MaAdE HUZFSLIA( Aw) W wolar extinction coefficient
(e).

molar extinction
A4 4 N FF oA ( Apax ,m) coefficient
(at )\Visnnx, M-Icm.] )

Carthamin 251, 516 5.3%10*
Precarthamin 238, 406 5.9x%10*
Safflower yellow A 225, 402 -

gt B Hayge] AEHY A7

23 Has precarthaﬁxin-,% X3le] w7 FgowHE Healgt XA 50 oM
citrate buffer, pH5.0 ZAA 1At ¢ ¥kg3F X 2128 butanolZ £
3ty AMaE QAch ol FYLE TICHAAM carthaninzt FUY o]lF8E& U
Ehfgl e, HPLCAOlAM T E¥t retention timed B gith EI FHAurgol o3) &
o}z AMAE= Z3 FoowHE F2$t carthaminzt ZFYUFF Uv/Vis sepectrﬁm%
BAcHIy 2-3). mheld ZAREgol o3 dofR HMATL carthamind & HUY
4 gk EY ¥ /R ©id 3z M4 precarthaning HAL

carthanin® 2 HHA7l& BEE& 712 AL Hdstart
o}, FHA LGRS AYE dF

¥ 3}oll= safflower yellow A, B, safflomin A, B, C, precarthaming 2] 34}
2} HM4<l carthamino] ¥-REo] Qth FMLEL MAEYY HFY FX AE
= wzEe, AuEe] ojx e Al B4e) precarthanino] H449l carthamin
o2 HEEE HFolztn FHTh 2 QoM T ZodoA M4 B
npx|2tebAlQl carthanin®] 3ol Hoiste HAE Helstgct

X 3lo] w2tE YL 50mM Tris buffer (pH 7.5)2 F&3%}3, F&£dL& ammonium

b

sulfate £33, DEAE  Sepharose, Bio-Gel  A-0.5m, Macro-Prep Ceramic
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Hydroxyapatite column chromatography® 438}o] 2 A carthamin AL AL
TelstdchFig. 2-4). ¥%8 =UBYPo=RE 2| carthanin P44 L4
Hxjake SDS PAGEANol Al 33,0002 ZAARH )

7h F3 M4 3] SeEdy 4P A7

Xzxlo] Qo= HMAQl safflower yellow A, safflower yellow BEo] &x)3}
o, Zt 4E& sl $iste =T A(200g)& MeOH(1.51)Z 2447t F& 3}
A ¥ 1%TFA-acetone(400ml) 22 F&yc 329 2dsHY ¥ Sephadex
LH-20 columnof 7}8}31, 20-80% CHsCN-H0(1%TFA X¥)E LR&3}gdc}. Sepadex
LH-20 column ¥ & 7ZIet=2&%l X preparative HPLCE o] &-3lo] £eld}oic]. &2
H A2 MBS pH 2 (50mM phosphate buffer), pH 7 (50mM MOPS buffer), pH 10
(50mM CAPS buffer)e] ZZollAM dIFEE& ZApstgct. 90C, 80T, 70CY 2=
ZZoAM 3R FLos F AL HEY Ao RN FREE Ao WS
o} NAINE FIELH (R 2-2), ol AUEFE VA oUxE =&
(¥ 2-3).

T}
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F 2-2. B3 BAL G2 BMGELS,LY 1A

Temp. Rate constant (s™', X10™) Half-life(h)
(C) pH2 pH7 pH10 pH2 pH7 pH10
30 14.9 4,58 18.7 1.29 4,20 1.03
r‘ -
P&\ 80 | 7.2 277 835 2.50  6.96  2.31
carthamin
70 4.18 1.61 7.12 4,60 12.0 2.71
30 4.76 3.13 4,97 4,04 6.14 3.88
safflower
80 1.07 2.08 2.28 18.0 9.24 8.43
yellow A
70 0.32 1.72 1.23 59.6 11.2 15.7

FE 2-3. ¥ B2 HEY BAEH oy

Activation Energy (kcal mol™)

pH 2 pH 7 » pH 10
Precarthamin 14.82 12.26 11.10
Safflower yellow A 30.67 14,24 , 21.15
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L 3 A&AE, FeE AEHY Aa4g A7

e 39 ol I, o MUY ARINE AX 64 ol sprigic)
B A8 B¢ 23 A0 ARE ANl FML Py w2 A4S
SRt ATh ARAIZEE A ¥ AR 1 g2 3 0l 50 oM Tris buffer(pH
7.5)2 &%t F diEeistd A3dg donh @o A9 pH 5.0
citrate &F-BfolA precarthaminz} BHEAIFA AL AYd WHL FPach
AL AU T YL AR2Ilole WA Ueltisl 10 F ol ¥l HoixE
Ltehgodch (Fig. 2-5). mhg ¥ o 1257} A F3e) njds 2y, o, &7], %
g] 2z} 1 g& 3 ml2] 50 aM Tris buffer(pH 7.5)2 2% ¥ Qalfe]sle] Al
€ Fodch Fo] F9EE o AL 2FYE pH 5.09 citrate B3R oA
precarthamin} WFEA17 AL AP VYL FFstAch ML PP TL9
V42 nds Zd dold A uvehien, ZFVldAE A "ol ¢t

Lo £&& Fole A7 d¥22, FML YL 2
Atstolet. Fantge] A% pH pH5.00]9lem, pHE. 0 =
Aoz oFzte] BAHE RAcHFig 2-7). XAwge 2o oyt XAL zAy
& A Tae 30ToA Hoh B4E& UehldcHFig 2-8). X9 o
AEEE AT ZH, T4 YL 50 T ojaelM 108 dXsigde o) 23
%

o
™
rE
e
2
Lo
o
BN

o] Michaelis-Menten kinetics& W& HoJZ9 oo (Fig. 2-10), FMA AB3A

T2 K} Vexs ZHZF 164 £MZ} 29,2 nmol/min ©]gic}.
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dextran, gum, alginate, (M-cellulose% C}o3%t Al JILEAF 0|83l X1 F 4
siatedct, HAMA} MMIEAE U AR E UFAGE 0T 2ARRE A
AATEAE ZYUY AR A Hulxd FHEI Frhsiden HHLe A
T AR Zrishe Aug 2drh EY A oyl iR Y BAIEA F
M-cellulose?] ZA-$7} 714 ZHMae]l otAAEE AP ZoT UEelucH(Fig.
2-11).
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HMQC spectrum (A) and chemical structure of safflower yellow A,

Fig. 2-1.
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Fig. 2-2. HMQC spectrum (A} and chemical structure of precarthamin,
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Fig. 2-3. UVY/Vis spectra of the enzymatically converted (1) and authentic (2)
carthamins in MeQOH.
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Fig. 2-4.
indicates a

1

By A W N

SDS PAGE of the samples from each purification step. An arrow
carthamin synthesizing enzyme,
! Size marker
© 2nd ammonium sulfate fractionation
: DEAE Sepharose column chromatography
1st Macro-Prep Ceramic Hydroxyapatite column chromatography
: Bio-Gel A-0,5m column chromatography

: 2nd Macro-Prep Ceramic Hydroxyapatite column chromatography
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Fig., 2-5. Carthamin forming activity of protein preparations obtained from

safflower leaves at various growing period.
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0.10

AA,,/min

petal leaf stem root

Fig. 2-6. Carthamin forming activity of protein preparations obtained from the

various tissues of safflower,
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1.6

Carthamin (nmol)/min

Fig. 2-7. Effect of pH on the enzyme activity. The enzyme activity was
measured at pH ranges from 3.0 to 9.0. Buffers used were 50 mM citrate (pH 3.0
- 6.0), 50 oM Maleate (pH 6.0 - 6.5), 50 mM sodium phosphate {pH 6.5 - 7.5),
50 mM Tris (pH 7.5 - 8.5), and 50 mM CHES (pH 8.5 - 9.0).
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Fig. 2-8. Effect of heat on the enzyme activity. The enzyme reactions were
performed at various temperatures (5 C - 50 C). The reaction temperatures were

adjusted by temperature controlled water circulation bath,
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Fig. 2-9. Heat stability of the enzyme. The enzyme was preincubated for 10 min
at various temperatures and the activity was measured at 25 C. The enzyme

activity was sharply decreased at temperatures higher than 50 C.
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Fig. 2-10. Effect of substrate (precarthamin) concentration on the enzyme

activity.
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AN —@— Dextran
06 A "\\ —&— Dexsul
® \A .\\\ ~v¥-— Gum
A AN \ \;\ —&— Alginate
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Fig. 2-11. Thermal degradation of carthamin with various biopolymer at 30°C.

Control: no biopolymer, Dexsul; dextran sulfate, CMcell: CM-cellulose
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A 3 & Y= HEol oFt XA ML ONE

A 1A AMA

“HNEW M) ¥ X2} ML oAl X2} Gardenia jasminoides)ol] &)
= B2 geniposide®} T}E of8] iridoidE &2ldle] FA 31Tl Geniposide:
B -glucosidaseo] 2]3] Z}E3fElo] genipin®® WH¥o] Eli=u] o|FA doj
genipino o8 71x] ojm|iitzl WIAIA TP FMAE oo, FEHEB
A2 g Fesle By Z2E FEstt. =Y AL A
ot g aystdon, L Y2 EHYY K& d7shach

b

A 24 723

1 A2 HagE 22 9 ¥ 4 898 72 47

7t xx A HAE g iridoid HYEL] F3

x|z} Gof 50gL B7]E MR F chloroform 400ml 2 ¥+ A| 7 43 &3}
of A YPE-S H AL residuec] MeOH 400ml 2 ¥+ A28 43] &3l g ¢t

'ﬂ 1=
&5t $2ES charcoalo] FHAIA SF4 9 10% EtOHE Hlo] & Hd&2&
A AL T MelHE £33} glycoside ¥ E2rh Glycoside £H O ZH-E

}s

silica gel column chromatography (CHCl3 : MeOH = 7 : 3)& o]&3%}o] 0.96g(
£ 1.86%)2] geniposide® Y9 omn, Geniposide &lo] W £F2] iridoid 3E3}

iridoidA EgEo] ohd HELZ Eelstalct (13 3-1).
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Geniposidets iridoid o o] Eoldl+ F2E TLC(CHCl; : EtOH = 7 : 3)
doflAl Re ol 0.590|91em wE=H-2 163-164Tolltl. Geniposidei= UV/Vis
spectrunoll A HthF4ugo] 237nm(Me0H) el & uEhiPded IR, H-MWR W
BC-NMR spectra®} ®7] 2% 2-20) Falstdtt. =Y TLC(CHCl; : Etoh = 7 @ 3) 4
oM iridoids ¥}%&EQU Wl /(R 312 212} 0.42, 0.33, 0.28, 0.26)9] HYUES
Helsto] prep TLCE Fote] Eelstgct (2 3-1). 22 HYELS Wvis, IR,
NMR spectrophotometer & o|-&3}o] HUZLZE AASIAT, iridoidA gEo
ol MEE silica gel column chromatography (CHClz : MeOH = 7 : 3)8 E38) &

glstgdet (2 3-3, 3-4, 3-5, 3-6, 3-7).

4

Th BEWRe] 23 A}t FHa A aF

x2}2 2 QL geniposide (acetate buffer pH 5.0)0) B-glucosidase® 713}
o JlB3lstdct B -glucosidased ©]-&%} geniposided] 71483l 2AHojMe] &
%:% ol 7] 25t B-glucosidasel] oF W AlzZto] wE geniping AREEE
TLC ¥ UV/Vis spectra® ¥Qldlgder] 2% 3-8 S-glucosidased] P& WA
o} BALHs geniping UERAI ot Jb=EslH A|RE diethyl etherZ £Y3}
o geniping Ea|3tgt}. Geniping] =L 119-120.5To|2 3 UW/Vis spectrum
2 HF4u}to] 240nm(MeOH)ol Pt geniping] IR, 'H-MMR 3 '*C-NMR spectras}
A 2 3-90f LEhIc}. Genipin(phosphate buffer, pH 7.0)ol o8 7}x] ofn]
LAbg BNl B Az Faae] AdAo) M WAL (glycine, lycine), AE¥
24& Ut (phenylalanine) otnliihE Z4zp F7lste} 70ToA 547 W-EAIHA

FNLE Lot

gf. X2} FALe PG gl Jled A7

HEE x|z} PFALel aAALLE FASH7] ¢i3td 60T, 70C, 80C, 0T <=
weol ol pH 50 (acetate buffer), pH 7.0 (phosphate buffer), pH 9.0 (CHES

buffer) Z7ojd HAiel FRE ARE ZAsIATh F glycinet VT B4
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8] 7% 580nmoll 4, lysine W phenylalanine2} ¥F-{t HMA2] 72 530nmof A A]
ol o2 FRF =z HHE FFsdct (29 3-10, 3-11, 3-12). 2E|x t}E ofn
ARz et AGE MLl &%, pH, Aol ol 3z HHELS E 3-19
Bt 22 Ay #Edoe] LT U EUAEE &S HIY 4+ A
At

ML Mk BN A7
Az BAA BTEB V1% A7

| Ax=RE PelY geniposided acetate YZEU(pH 5.0)o] HolL B
-glucosidase® J}5E3)5to] genipin® ¥Zt}l. Genipind o8 FH olmjkat
2} whgstel Thtt g AUE A2 FMAE Mgk, 2 BT Al
QoA QA YT} (2 3-13). & @FolAE phosphate YFEU(pH 7.0)0] =2
geniping® 7} ¥t FZ 9] primary amine¢] methylamineZ} ¥FgA]H AAMEE=
FTARES A AA Pz YEHY 13U 2E JF3dc)

L XAt sl g 9 ez 43

Bre] BEER (P FUUEES LISt F33H7] 218t genipinz}
40% methylamine-® phosphate $+3-go8 (pH 7.0)of 718} 70ColA 5417 F¢t vt
SAA XA FWAE A RFgc B4 B A= Bio-Gel P-1I(fraction range :
200-2600) column chromatographys ©]|-&3le ZF/4E Lzlstgd=d, 2mize &3
& UV/Vis spectrometer® 290nm B 585nmo) M 233 ¥ 2HW2 Zo} zzh oM,
GM2, GM3, GM4 T GM5Z W sladtt (2™ 3-14). ©]&8 W/Vis (2§ 2-15), IR
mass, 'H-MMR M '°C-NMR spectra® Bdto] FA2 U FNAHEY AYIZ FBE
AEstgdet (g 3-16, 3-17, 3-18, 3-19, 3-20). GM1&] 7% wX}8Fo] 2600-6000
Alole] FIRIEQl Aog 2 4 9lgd, GM5e] B9 geniping] hemiacetal #]%]
o} 9l A4V} methylamined] AT A¥H B 2 HUY & Adrh
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2d P4 FJEY FAAYY 54 47

t}.

A

MAaa A4 B FE2A} Bio-Gel P-11 column chromatography® B3} &
2]%t 482 methylaminez}. wrgAl# Rt} Polymer® FAEE ML ALY
GM2, GM3, GM4, GM5& pH7.0 (phosphate buffer)ZZ W 70C&XolM 308 AN
48 Wg Zabstach o2 (Hoh F4 A 0 256mn), O3, o4 (HTh F4 3b

270nm)2] 7% HAxol FHT Wyt A vt M5 (Hel F4 A
292nm) 8] ZA$ FRY ML FYE HHE Hole ZLE Hol N AHEUS
Yoy £ gt (27 3-1).

BtoH = ciety = 3:7

aw 3-1, X=lzRE B2y ol JhR] iridoid E¥E} picrocrocinic acid®

TLC chromatogram,
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2% 3-2, A=2RE 228 compound 1(geniposide)d] X2} spectral data
A ¢ UV/Vis spectrum B : IR spectrum

C : 'H-NMR spectrum D : “C-NMR spectrum
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data
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e

2 3-8. f-glucosidased] ofoll m}E Genipingl A1Ad
A . EA:IPA:H,0=56:34:10
B : BuOH:Acetic acid:H0=4:1:5
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Wavelenath
A.  (in CHOH)

! U1 my jaun
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% L
. s 3 2 ¢
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{
l ;A LU.AIU{L { i !
C. {in DMSO) D. {in DMSO}
1% 3-9. Genipin®] FZ 2} spectral data
At UV/Vis spectrum B : IR spectrum
C : 'H-NMR spectrum D : “C-NMR spectrum
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2% 3-10. UV/Vis spectral changes of the thermal degradation reactions of the
blue pigments transformed from genipin and glycine in phosphate buffer (pH

7.0) at 70°C. The spectra were scanned with 30 min interval,
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3%l 3-11. Thermal stability of the blue pigments transformed from genipin and
glycine in phosphate buffer (pH 7.0) at 580nm under 60-30°C temperature
conditions. O—0:60C, A—A:70C, [J—[1:80C, @—@:90C.
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%l 3-12. Light stability of the blue pigments transformed from genipin and
glycine in phosphate buffer (pH 7.0) at 580nm under 5,000-20,000lux light
intensity conditions. O—Q: Al-foil, A—A :5,0001ux, [J—[1: 10,000 lux,
@—@ : 20,000 lux.
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H 3-1. Thermal and light stability of the blue pigments at 580 nm under

various pH, temperature conditions.

pH 5.0 pH 7.0 pH 9.0

time - Temperature( C)

(h)) 60 70 8 9 (60 70 8 90 | 60 70 80 90

Gly; 0 | 100 100 100 100 ;100 100 100 100 ; 100 100 100 100
99 94 90 89 |101 99 98 96 [ 102 102 102 101
%8 92 8 8 |101 98 97 93 {103 103 103 101
97 92 84 82 |100 97 94 90 | 104 104 102 98
97 92 83 8 101 9 94 88 | 104 103 99 94
10,97 9 8 78 99 94 94 8 105 103 99 93

o Oy e Y

Lys| 0 | 100 100 100 100 | 100 100 100 100 | 100 100 100 100
2 |100 99 100 87 |102 101 99 98 | 103 103 105 105
4 102 99 98 83 {101 101 98 94 | 105 106 105 105
6 | 102 99 98 8 |101 102 97 91 |107 108 105 103
8 | 103 100 95 79 | 101 102 95 89 |109 109 103 101
10 {104 100 95 79 [ 102 101 94 8 | 110 108 102 102
Phe | O | 100 100 100 100 [ 100 100 100 100 | 100 100 100 100
2 |98 94 91 89 | 100 99 97 96 | 100 93 99 98
4|97 92 8 8 | 100 99 96 95 | 100 98 100 100
6 |96 92 8 83 |99 98 95 91 | 99 98 102 98
8 |95 92 8 7999 98 92 90|99 99 93 98

109 8 8 79 |99 96 92 8 100 97 99 96
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 3-1.

Thermal and light stability of the blue pigments at 580 nm under

various pH and light conditions(continued).

pH 5.0 pH 7.0 pH 9.0
time Lux
(h) | 0 5000 10000 20000{ O 5000 10000 20000{ O 5000 10000 20000
Gly| 0 | 100 100 100 100 (100 100 100 100 {100 100 100 100
1 1100 93 96 94 100 97 97 95 |100 98 97 95
2799 95 95 91 99 97 95 92 |[100 97 95 92
5199 93 91 84 |99 94 92 85 100 95 90 82
10| 98 90 86 76 | 98 91 86 76 100 90 83 70
Lys| 0 {100 100 100 100 100 100 100 100 ;100 100 100 100
119 96 96 95 100 97 96 9% 99 95 95 93
2,98 9 9 92 199 95 94 93 |98 94 92 89
5797 93 9N 86 | 939 94 91 87 197 90 87 80
10, 96 91 87 78 (97 91 87 80 | 96 87 70 67
7 Phel 0 | 100 100 100 100 | 100 100 100 100 |100 100 100 100
1 199 95 9 90 | 99 98 96 91 93 96 94 91
2198 93 87 B4 | 99 96 92 8 199 95 91 85
5197 91 79 69 98 95 86 71 98 89 83 69
10| 96 83 69 53 87 85 74 5 | 9% 79 70 51
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acid |
1°amine
Taurine
COOCH3
COOCHs3;
AN Blue
x - .
0 Pigments
0
CH» O—Glucose
| 2 CHp OH
OH |
OH
Gadenia L ’ L
i eniposide—— Genipin—
fruits /- /
Extraction Hydrolysis

(B—glucosidase)

1% 3-13. Mechanism of blue pigments formation from gardenia fruits
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8! 3-15, UV/Vis spectra of
A : GM (whole fractions) B : GMl (frac.No. 4-8)

C: GM2 (frac.No., 17-25) D : GM3 (frac.No. 29-32)
E : GM4 (frac.No. 34-37) F : GM5 (frac.No. 44-57)
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12l 3-16. IR, Ms, 'H-NMR spectra of GM1

A : IR, KBr B : FABMs
C : 'H-NMR, in D;0
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28! 3-17. IR, Ms,'H-NMR, '*C-NMR spectra of GM2
A : IR, KBr B : EIMs
C : 'H-NMR, in D0 D : BC-NMR, in D0
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27 3-18. IR, Ms, 'H-NMR, '’C-NMR spectra of GM3
A ' IR, KBr B : ElMs
C : 'H-NMR, in D0 D : “C-NMR, in D0
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o3 3-20. IR, Ms,'H-NMR, '*C-NMR spectra of GM5
A : IR, KBr B : ElMs
C : 'M-NMR, in D D : C-NMR, in D0
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A 4 A AEEE AAAENL AAFE Tle Y

“IlAS ZUE AT ABHY IRIIK AN 22 AL A A 3
AEziAE AENUE A ABMa A BR 7leLst BEl 13 dEeME
(1) A8 ez 2208 nlxjE: d%dy, (2) ¥4 & 2o 434
F,(3) 4 2z Boujof tiy 32 EF, (4) FEVEI R FRAT 5T £
WstE D 23 dEoME (1) 332 £ 97, (2) FUIF 2w A7
(3) Agds ZH Agd ZA R AAAE ABTL (4) 2 P ALkl

scale-up @F & +¥3tHTh
A 23 d7Z23
1. £33 g xxj¥s 233 A

7k A BA ARz 2o niXE 4% Y M4 FEE0f] MY IF

X2 A Fzute dxel AAY A FFAL] FUATME HA], T FL
g AESGen g Il i J¥x zABIECHIR 4-1). WA A
o] A% =P AR BoN EAAZ ARE vay Az} AR F¢ IA2RH A
BETE 30%2] £EVAE TR ARY o] o2 & B8 FVE Yol
7] $13) TRt Al meob mAshA] i A Re F& HES HlE AR A3} ny
AR ol F& H8o] 77% PAEE U5 gl uleid olF F &l VA3l A=
o] AL A HE B 2A22 HAAsArE HaFEEule] AF AT
t 43 FF/Y F2L00E AESIH AYY SuiE AFstAct. T HaF23
8i5te] precarthaming ¥ 4ol EIHAZE TRt ¥ acetonel sodium

rL
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hydroxide?] £uj& Alg3l= Zlo] YUY e Lietyr) ubdHo] XA} M A}
#Asl geniposided] ol XAANEE DAY ¥ 2&8ujEAM chloroforn}
 methanol& AME3H= Zol JIR AYYE ¢ 4 Agrh

Ll A Eolel ozt & gl HEWR AF

4Col A ¥R 2D FE 4712 10 €7 FE3] oY F AE2E 3 g ¥
4 71¢] 50 ml FRol| Wi 27 20 nl8] FH4E ol AR FHF7 VA3 4
o] E& 20 27t vortexing® 3} Fth 18 F 40T, 50°C, 60°C, 70°C, 80°CollA|
30 £, 1 AT 2 A3 4 AR Bt g A7 F 4ColM A ZTh Bz
Al B+ 3000 rpmoll A 10 23 dalEelstd UAEY HEAe B F 4FYL
1720002 EH3le] Fiel & FPstdct. 2 Fol 25T Fya0)
o] pHolA olRA HHsh=AE RISttt pH 3.0, 7.08t S A2 AME
AR712tol] wtel FRZrt =elA HEtshedl ghsiA pH 12.0 o] g7 =2
Me F48] ZaA%e BAth. E 4-1olA & 4 Q%o pHrt 3, 7, 128 Mo
wtzl $EA4E 40Tl 6.2, 17.6, 27.4 (x 107 s™), 50CollA] 8.0, 19.5, 31.9
(x 10° ), 60ColA 22.6, 23.6, 36.5 (x 107 s™), 70ColA 28.6, 28.7, 41.0
(x 107 s'yoladt). 2z pH ZZolA2] activation energy, Ea: pH 3o]A] 51.9
ki/mol, pH 7ol 15.0 kd/mol, pH 12014 12.3 ki/mol 2 Ubebytry,

X 4-1. Rate constant(k) and half life(t),z) values of thermal degradation

reactions of yellow pigment at different temperature and pH.

Rate constant {x 107 s™) Half-life (h)
Temperature(C)
pH3 pH7 opH12 pH3 pH7 pH 12
40°C 6.2 176  27.4 112.1  39.3  25.3
50C 8.0 19.5 31.9 86.6 35.5 21.7
60°C 22.6 23.6 36.5 30.7 29.4 19.0
70C 28.6 28.7 41.0 24.3 24.1 16.9
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E3 AL carthamin HFAMQl precarthaming ¥ 4317] $18) WA 2 go} ¥z}
off 30% acetone 10 mlE 7}s}o] T2yt ¥ 14,000 rpmoll A 5 B3 HAlBalsie A
g 3sldch  tiA] o] A& o) trichloroacetic acidd ¥EL] 1/102 A e]3}
of 4TollM 20 27 WAl ¥ 14,000 rpmof A 5 27 fAlEelste) AAB S A
Astdrt. ZelrbA 5 Me] sodium hydroxide® W& 1/102 A 718t F3Az)
% precarthaming ¥4sialt.

o3 BMAE A5ty H3 XA} 50 g& vY F ¥ A% FE chloroform
500 mlof @rtFEE AHE 3 ¥ A} methanol 500 mlE ¥+ A[ZH 3 3] A e]s}
o geniposide TUEE EATh o] AEE ZYFF8lo methanol& F'EA|F|
Holol BuAZ HAFI 9] Eof wod charcoale] FHAATE B 10%
ethanol & 4 %] washing®}il methanol® &% ¥ TiA] Z¥¢EH3le] methanol &
Z A geniposided ¥rh. @o]F geniposided acetate buffero] & ¥ g
-glucosidase& A e|ste] 37°ColA] 5 Al F WgAA geniping BAEY Fof
glycine® Melslol FMAST WBAF= wbg Zea g B sir)

ol F&uhg7) 9 FREF
1) kg7 B FFFEE A% 2R dF

AL A vt 715 A =Es17191%) B -glucosidaseE CNBr-activated sepharose
4B resin B glutaraldehyded A}R3lo] A 3dl] MAE ¥HHBS}E= vIgI] 9 F
& Jdstdet (29 4-2). 2eln 2R3 Bl AFRLL] FEGY Ao
Mazalsld 2RH A U8He ARl dFE 4dsdnh WA
CNBr-activated sepharose 4B resing 1 mM HClofjA] 10 £t swelling A|F12 o2}

&tod 0.1 M acetate buffer (pH 5.0)F M3t t}2 acetate bufferol] H7 F

4
]

o

glutaraldehyde® 10% 7}8t 1 A|ZF AF2olA wbgA}Zl thZof wbg3tx] ¢l
glutaraldehyde £ acetate buffer® &3] washing 3t Foff 40 unite] ZAF 3
ZFHA S ThA] Aol A 1 AlZE, 4TolA] 12 AlZF BEAA EAE TAHATE =

EEZZ gasldrt 2el3 32A3AIZ] resinol geniposideE Erisie] €& 2
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At EYolla 2T PEHE ALY 4 olodch
2) g7l 9 AT

AL B 93] B-glucosidased matrixol] A A|NF 2AE HA
a2 kineticsE A7 i3] 1AL T WHgAIA HgHE An Byt
Tl 71 BEE HIHAHA JHEA FUYL o Hael 4HEAIZLFE NS methodE
E3to] BHH glucose?] 9IS #FA5lo] standard glucose concetration curve} B
At W= E FHsIATh. oA MM & Fes TFHY ALY F
Km Zto] 0.68 X 10 M2 UEIXZ A{A A= 0.81 X 10° M2 Yehdth  vm 3t
B LRI Tl B 3.23 X 10" M/minS 2 ENGT A}SZ A0 AL 500 X
10" Mmine® Uehdth (2% 4-3). olF 3t Blag B3 ZAE 1Y =
2% FHo oHBHel o3 ofF AL UL Lerths A& ¢ 4 Uk xa
§ 233 3t AlEste B9 EL0E 33 E Fo] WeEE T e T EY
Fasich. metd 2FHE ATt activityg THRE 710E 71 U34S
B3te] Zabstodrt. o] Zale] wlEE nAHH FLe GG VA HAE 10
3 ureA o FRE 1 YAHE X7ukea) uasle 508 AT KU & £
Act (& 4-4).

2. REVY DAY 3 A7

AEUT Fo] BAsl] {7t 2L FAYY A2 FriEo y
<3l sl dFE +3stAct. WA, carthamin BEFEF L 3 dol
3tod precarthamin £&%3 4 carthamin HB T A 2237 A.S JZdtgcy,

Precarthaming] F£&Z3% dFoA = 23 o 2HE precarthaming] Z-&3 ¢l
F&L fl3 B ¥ E2US MHI(6Y L-7H x)oll A3t -T0TAAN B
g £& A¥E 5¥Y3ch  precathaning] EEFHQ FZols WA FTHE 30%

2

e

rJ
P

73



acetoneoll A mpafislod R J1E M3l ¥ trichloroacetic acid& Melslgdrt. g
3l 5M NaOH& 2183l £&3dE F3AIZich  o|FA )4 B2 precarthamind &
BE YA #13) 4T o F FolM RAPAA AE3Ach

Carthamin HEA A0 F2ZA HForE precarthaming carthaminl® ¥l
BAFIE A2E @V WA ER(250 g)E 4Ce 0.1 M, pH7.58] tris
buffer(400 ml)ollA £E3] zia] stgch. i) Foll:= 8,000 rpmofld 30837 WA
2a)dle RA7E weld A3 -2 ammonium sulfate 20-60%2 =3} 8,000 rpm
oA 3083 YR pelletd FeIstHTh. o] pellet& THH 20-50%
ammonium sul fate® 2313, HAEe]5}d péllet% Halstgdct. olzgA He|ut
A0 saltd sephadex G-25 column chromatography® 3] A
DEAE-sepharosed ©]-&%} jon exchange column chromatography® F3te] cfere &
cEE AAsETE  EA Y activityrs F&3¥2 precarthaminzt2] ¥HE& F3i
spectrophotometer Asn wolM €% FEE] HHE JFFSIATH I 4-5).
MNP AL BagFe Uy dXEME IFH T4 $E o I¥H &
&S AT AT glutaraldehyded] B8E ZAlstgc).

™2 CNBr-activated sepharose 4B resin(<$=%x]) 0.1 goil t§3] A2l loading
T8 1, 5 10, 15 20 UZ HAZ ¥ A9 loading ¥EJ} IF o] njx|&=
AErg ZABlETH Y. 4-6). T4 loading HE71 1 UM 10 UZ ZF7iEldE
o} g3 B activityZt 2A FV8e A& B 4 vk ZLEiu} 10 UollA
20 UZ}A] loading £ 28 Z7MAT 232} T8 activitys A HEslr] oot
th. A7 x4 loading =71, 5 Uola AE FL] HES 5, 9.4%5
LEb gt E7hgE ZAe] oFo) 10, 15, 20 UGS ARol AW HLe A2
12.5, 8.5 7.7 %8 REL&E HoFgr}l  wlgla] CNBr-activated sepharose 4B
resin (0.1 g)8] 72§ 10 U8 AAE Brisle 2B Zo]l AEAU I *
SR PYPY ALeZ HojZch

Jgj31, A HIVShe glutaraldehyded] wof W LA FES 2AI6HG
tl. 3%, 4-72 glutaraldehyde?] % =7} 10 %Y we] activitydE 10028 A3l
Unjz] w2 olof chgh dehA el activityd LiEbd R, glutaraldehyde?] &
T 1, Swol = 10%o]] wls} 30.2, 62.8%% uw|aA A Uebdd] Wiste] 15%2] =
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oM 10% SEofl u]3] 101,652 LER} 1.6% Z7}lo] aXch uwetd P2
BALE Y Hae] DAHE 98] MIIstE glutaraldehyded] BT & 10§ ¥ty
o M EE&AYE o 4+ AdTHIY 4-6).

U U3 EF
1) 3A4 i 33 A28 A7

AL BT Aaddret Bhste FEFA ALl 2R3 xA 2
AL ML STt B dYoMes AL 419 EHoM 4] WL &
o] whjalo] HEE AT Y 4-8). ©o]ZR & cross-linkingHA] Q& AAEo| 47
22E AAFAXE RLZ Bt I o[FY FYoMe ALY =7t ol
B2 4-12 pg/ml (6%, 111 E¥olM= 2z} 41.8, 23.5 wg/ml)Atole] ZhE HoF
adct.

AN BEVIE

YI(%)=%X 100

vl = 2RHR S
CIE = ARHH T
AE = B7Igr A8

o7 AHostH X7) A4 loading FEo thyt 21H EHo] VI 65%2] It EoE
th ey A aREE A Bl s E¥el oiyt 21 ¥ Yie
9% 658 E ZABIATE  o|RE T T4 aXAYY ¢BFo] wie A
the A& 2o &th

I3 FHPLA AN T TAY activityl IY 4-80A] BXo] vl
2 a7t Frige] uel Zashked o]Zlg UUelE #AshE 27] W§
o} Wkgate] xjoli= ok 0.04 U Fth ©]Z-2 20 mlg 7] & WATE HF 0.04

U7} Zrashe ol AEAA A}E RAFAcHIE 4-8).
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Z3TA AAEg FEE] s HMAL HBELE L HHVHAL F R0
A 2 FCNBr-activated sepharose 4B resin S glutaraldehyde® A3t 13 3}3)
o] MAE HHPsl= vhgr] g FEE AudstAc(ay 4-9). ™A CNBr-activated
sepharose 4B resing 1 oM HClojA] 10 #3F swelling A]7|3 o 2}sted 50 oM
citric acid buffer (pH 5.0)& MA% ct}& citric acid bufferof %3
glutaraldehyde& 10% 7}t 1 Al oA dbgAR cthgol ®HEsiA] ¢
glutaraldehydeS citric acid buffer® 23] washing ¥ Fof 22|% ZLE
7Vt ThAl Ad2ollA 1 AJZE, 47CollA 12 Al WhgAlA HAE IEAIE
EEZS ¥ysldrt. ez 2ABAIF resino) precarthaming 7}t 5&7
M A7 Yol ANA7t AHEE UAY £ olodnh ol WM 44 A
27} carthaninQ X8 #<135}7] £3] TLC(n-butanol:acetic aci»d:water'=4:1f5)3] A

NE s¥ste] 2 AzFo] carthanin® g HAFACHIE 4-10).

n

¥ rlo

I

Th AgdL 3B AEE 2AF W BAE B

2L AL AT Ao ZFe Fud gF HajelM HEHst] B ¥
o] chakdate] Hgste{n sta alo] Aol ol Ae= hddrh Jzut
BAFR AlaHe Ffole Az dFEE TR AEY W
A Mol FH A%

oy M
2
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b, A Adab ] Aw12] SCALE-UP

1) X2} FaA Par AJAE scale-up W
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Xz A g s B dFAMolAM oo HIUY AEKAA 1Y e
Y83} scale-up @+F +H¥3Ach AU FE2 0.5 nl F& VY WLIE
5 nlZ 10¥} scale-up 3l F&HUY uigrle] WHIt Mo oA FyYE
E3lgltt. WA CNBr-sepharose 4B resin{4=2]) 1 goll th¥) glutaraldehyde 10 %&
Ae|st AL loading HE& 100 UE F7IAFA H4AE 23 AlZch 223
acetate buffer® 53] AM23 X ojg] &Y geniposided BIFA|H A A2
it 88 BUPZAE ol-f3led AESlATt 27 4-112 small scaleojlr] AZat
B B4 e) FYzo thsle large scaleola A FMAe FREE i
HIEE Uehd TefZolrh o] H¥E B3 large scaleor FAiel Aol
small scaleo]A BT} ¢ 160% & FAA Brt4Re] F7ME RAF Yl

2) ¥ oL YAt A AR scale up AT

AL FUZFPANLY QFola 3T A2y AEH FHoIAM FAY Bl
2] 383 FHo 2y WA 2 T4 HA ALY ¥]& Y labor-intensive ¥ THELE
Az Aol AL AoB wtixiol 7] FHY FUFY AlawE st =3l
gofl A HEI callusE AFu|2 AMRsl v S /uslgon o]2] scale-up &
FE +33AT).
ZAHA H4] S 93 2Au[YE T FH callusE ISt 713
& NI Yol VY AF3E £t WA FHAE NaOCIE 25y F
290 MS mediumol seedlingdle] 25°C, FRZo|A] Lolr]7]al o]|ZHE MS 2,4-D
homone(2 mg/L) XA At vlUstd A callusE F71AACHIE 4-12), ol&
callus§ zfste] @2 F&E3 713 precarthaning HHEAIA 47t ¥FE
< & 5 Addch ol W3S AR callus FEED T T F
oA F& Tt vISAEE vla FESIITH IR 4-13).
£ ojuf ghEo] A= AMAT} carthapin UA|E ¥QU317] $l8)] 2ol o
Zol7} B3 A3} carthamind B3iTlo] LS uwlio] ¥3) callus S E S HE
HEol A AMAE FEA] Yort. ol carthaminibs TIEA M EA|2] oxidase
He mtEolAE AMAR AR Ix]T YJOn carthamind ojL]x|rt A A

]

0
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a}

B

g AR PriE 44 £5E carthanin®rhe TS AAROR ARY 4
& ® ohzt stgiMold HATAoIHE FAA Mate] Jley HoT Hch
Aujolg B8l carthanin WY AAE AAstE AFo] BABY callusE MY
$2) Y calluse] VY WYE B carthaming BABE ITE LWt
calluse] @Epuforelo] 7] AQ precarthaming 3 718to] vigyt Zat YA Eoj 23
Hus7t A4EE € 4 ATk

3 M4zo) wuhlolg B FR A2 A4 JlsEg Zabsir)d
scale-up A& sAstact ojn] =3 ujokolr HEY callusE ©]-€3t callus
& 50 ml wio}sted 2h-g 7)ol precarthamin} 7l HIiste] AL Bi4Eg A
Esldxct 22l3, 250 mlZ 58) scale-up AlF uhg7]oAe] HYA il 88
AEY 23} 50} scale uplt W IlolH 57xe] MAIELE HAch ol wixlo] g
3 Huart HyEgle st val 2 e £&€ Ushis Aol =
B2 Aol F3e ujalolMd Peve] Hlel Y WAL My +ge) WHE
ZAVSHECh. 20% POvel] Ths) 30% POve) WEhrE ALRBIAE AL FAsel A
DE 1169 71 FIE RelTATHIY 4-14). VYRS B HHLE Y
B 2 27] 147 Bl FAse] Aate] 28 o|Fo] A3 3ADaol=
g Be HauLsh GRS ol % Aol o8ld HM4s) TasiGET ol
= 4T HNAY BHEEA BNAE HNsE olf tlEeE 2¥Urh mey
gehlore Bl FUAE Aishs A9 VLAZE AT ot Sy AAAQ
Aoz Az},

olatol Mgt o] & ATE B3l Al 3 AFAae] it AFE HBHLZ 49
stoich. Fte) Wehujorel o3t Fayse] Aare] Aol carthaninol2ts THs
& AT Qo &0 Bge) Alge] Yoy eE AZHL)
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N
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1/V Mxmin ") 'x107

031
(Vm=323)

T T T

. [} 2 4 [} (] 10
148 1/18) (M x 107
(Km=068) Immobilized enzyme

1/VMxmin™)' x 107

0.20
(Vm=500)-_
-4 T Y 1 T T
to 10 20 30 40 S0
S1.22 1/{S](M)" x 107
(Km=0.81)

Free enzyme

T2l 4-3, 23 Z A9 2}8F A0 kinetics
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T8 4-12. FIHNE UolAlA €& callus. (23 vidE I3 MS ufz|o]
2,4-DE 2mg/18] 2 F A8l callusE /7%, )
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ng 1 T 1 i jl
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T 1 7 1 i
6.4 b.6 8.8 min, B

2.8 m 1.6 ain. 1/ 1 cveles

3 4-13. EEOIAN F2Y xasl |Uzte] WISE(A)YS FH callus T
A3} 7]Wzke] WHLE(B)e) wa.
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A 5 & d=fH@ HH MISYro MBES J=
hg

A1 A A

C HEATolME N BMESM AE HY AN FH P4 ANA Y Xz} B
48 ABo] AT SH ATHIRL AHROE b oplsie ebidel BAE sAsta,
kg $IAE Friol Jloi 4 b IWINE B2 o 4 ik W BAsTA
54 88 Semlsion) AE, VA AE, BF V3 Sof AzAANLES Yo}
= Q78 %o,

1A EolE ATREQ 1) 2 4, Hdsel RYABoa BHY o
T 2) Az FAae] BYABINY BEHY A7E AELE SREYY A2
Y, 323 eEl Ae)g sl 44 ¢34 L Bs S4E AT, 8
=Ry AYos das ¥ My o], %, oluxal el 5o MrzA
o] MAQEYD VA [0 DAL FVE ARG, Aol WE Mx A
Hg ZASIETE Bol B wx) ot FH HULE Ao Fsn) i, o
3 fHatolAe AHg Zabslgch EY, WeEWEa Doy i
WG ZAET, MAAvIe] Y AelY M3 B4 w2 o) WAL Yol
Bk},

AU RO AERY AL AERE ATE At 1) T PULE
7R 715 SRE ARt 7 AsHBo] o A AN A Jeln B
He ZARER, 2) A ALY ANF Ay} Bg AT HEAY P
A BALE AT I che] Wil Hae] VA3 AL che Ay 7
54g ZABIRA Mae SEo} Be| ERE Welsttd MZY wuTiY BHE
ZAstoTE 3) B0 PAF VEATE 93] T RLE A3} Ao
Bgslol A, A7, W 5o B HHL ZAtEon, AW YRA 7T B4

& ZAshch
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A2 A d+2G
IS A% g H20) By AE B4 97
b E3 Paa, HAMse] RUAEelMe] BEERY A7
1) FUPN2E oY TREY ¢B4 A7

EEMLgR0Z AUFHEIt ¢ 1.0 ¢ TELY(0.47ng/ml ) ARSI
U/Vis spectrophotometer& o|&5to] ¥} ML §o4e) HrjF4upy A
th €% B2 AT #5t, WA 2R Mol iy & o G2} F&o]
2o 9B FBEo HiF4uR WHE FAT, UAAL Hunter valued
2254}, g Yt (11, 13, 15%) RUSRE A 23 13%2] de%
o st W=7t Fulstel FRE, b BF HAE UEhAXT o HEY
M2 g o FH Alole Holx] ot BEEERL FEEF 1%E LY TATL
0.01M2] o8] 7}x] F&o|2EE HIMst H4Ede] Acigupy, FR= 123
Hunter b valued &A%t ZAZl:= Table 13} Ztl. FHo| 2 AL A FH=It <
7+ Z7bslm, Fe¥'e) 39 =ANe RAoz A FFxrt QA Frhch
Hunter b Zhe o2 olerit EHUAE b Ztol Basks AR ReiFz
olth oj22 Eylo] REERY Mo FUE FEXE Yotir] #itte dRIA
228 B 3t FABIA ol 2EE 27(Table 5-2)2t 37HZ ZYst H
& ZAE Az, 274 EYSI AAY Bfo] HuFLuya FRoME o
& YA AU Z2o nAvlA2 K3 xo]lE Koz I btell ol
olME 6719 2ol F A7 AUE A2 W2 2k Uehigch o] 37
EYste] AL ZRox 27 TP FEY vy AH4E VeI

Ah SEE AFS7) HA8A Ax X Hulol2g WEstd WePAE T
Az}, Az gte] QlolME MART 0.47mg/ml e} Na', K', Ca’'9] F&o]2& Uiyl
AEE A Axsida, ANAY $EEE MAET 0.8ug/nlet Na', Mgh, Ca'el

o]
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Fol 2 AL AEE FYHL2(% +E) 7MY UX3ATHTable 5-3).

Table 5-1. Effect of metal ions on the max A, Abs and Hunter b value of

the model beverages with Safflower Yellow pigment

metal ions max A abs Hunter b
control 402.4 1.209 35.58
Na® 402.5 1.212 35.51
K" 402.4 1.197 35.49
Fe*” 378 1.348 35.71
Mg“” 402.5 1.2 35.05
Ca*” 402.6 1.191 34.93
AP 4019 1.309 34.12
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Table 5-2, Effect of combined metal ions on the max A, abs and Hunter b

value of the model beverages with Safflower Yellow pigment

L a b Max A abs

K 96.80 -10.70 35.46 401.0 1.193

Fe 95.48 -10.87 37.29 309.0 2.801

Na® Mg 97.32 -10.88 35.22 401.0 1.180
Ca 97.31 -11.00 35.50 402.0 1.196

Al 97.85 -10.71 34.42 402.0 1.271

Na 96.80 -10.7 35.46 401.0 1.193

Fe 96.19 -10.83 36.54 306.0 2.525

K" Mg 97.53 -11.14 35.23 401.0 1.159
Ca 97.70 -11.45 35.53 401.0 1.182

Al 97.57 -10.75 34.30 402.0 1.294

Na 95.48 -10.87 37.29 309.0 2.677

K 96.19 -10.83 36.54 306.0 2.781

Fe” Mg 96.03 ~-11.04 37.47 306.0 2.000
' Ca 95.75 -11.07 37.28 306.0 2.781
Al 96.25 -10.69 36.32 302.0 2.000

Na 97.32 -10.88 35.22 401.0 1.180

K 97.53 -11.14 35.23 401.0 1.159

Mg“® Fe 96.03 -11.04 37.47 306.0 2.677
Ca 97.49 -11.28 35.42 402.0 1.950

Al 97.56 -10.75 34.07 402.0 1.285

Na 97.31 -11.00 35.50 402.0 1.196

K 97.70 -11.45 35.53 401.0 1.182

Ca® Fe 95.75 ~11.07 37.28 306.0 2.781
Mg 97.49 -11.28 35.42 402.0 1.950

Al 97.61 -10.98 34.34 402.0 1.283

Na 97.85 -10.71 34.42 402.0 1.271

K 97.57 -10.75 34.30 402.0 1.294

AP Fe 96.25 -10.69 36.32 302.0 2.000
Mg 97.56 -10.75 34.07 402.0 1.258

Ca 97.61 ~10.98 34.34 402.0 1.283
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Table 5-3. Mean scores of sensory evaluation data of model beverages with

Safflower Yellow pigments

samples’’

Characteristics®

Color Sweetness Sourness accggf;g'ilmy

Control 6.825% 6.700° 5.025% 6.525%°
K1 4,700%% 6.180% 4.580% 5.440%
K2 7.160° 6.140%° 6.080° 5.940%
K3 5.940%¢ 6.380° 5.340%° 5.480%
K4 5.680°°° 6.520° 5.740° 6.480%°
K5 4.140% 3.720° 2.700° 3.640°
M1 3.820° 6.340° 3.880%° 7.020°
M2 6.720%° 4.880°° 4.300% 5.460%°
M3 7.020%° 6.080°° 4.600% 7.020°
M4 7.080" 4.740%° 5.040% 5.280%°
M5 4,420 3.820° 3.460% 3.960°

Y K : samples with Na', Ca®, K’ M : samples with Na’, Ca®’, Mg?
1 . samples with 0.Img/ml concentration of Safflower Yellow pigment
2 : samples with 0.47mg/m! concentration of Safflower Yellow pigment
3 ! samples with 0.8mg/mi concentration of Safflower Yellow pigment
4 : samples with 1.2mg/ml concentration of Safflower Yellow pigment
5 . samples with 2.0mg/ml concentration of Safflower Yellow pigment

C : control (sample with 0.47mg/ml concentration of Safflower

Yellow pigment)

2 Sensory characteristics were rated on 10cm line scale scoring
; like extremely(10), dislike extremely(1)
Mean value from 5 replications

a)~c)

different(P<0.05)

means in the same line not followed by the same letter are significantly
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2) ¥ A2 Kol A Hs}

AUBRYZ A glycerind}t &, tIFHE 7|22% sto] lecithing 71 {3
ol ¥2t AMAE Yol thytt Agzdo) utd ¢AEE ZAHAch 25T o4
Zol e AHAY7|Te] wE HARAE MTHMe dojde FHAML L
glycérin% base® g 2% L, a, b-value BF Z718}= 7% Uehldds,
FH5E base® AL Z-F 4 U8t wiHol, soybean 0ilf] B9 M=
o] chx] E F¥E nlX|A] g FoE vlepytrh 223, lecithin A7H{-Fof

oE HHE ANE Z3e] olME HTiE A4%E vAF de Ao VEpurTh

(Table 5-6). @A4ZZA(40C, 90% R.H) oM glycering base® stHE ZH$
L-value: ZtASh= ZARE el AR, a-valued] B 4 A 7Hs] o] FRE|E= A9
HihE Bolx] aten, b-valued] ¢ 4 AT FRE|E BAA FU8le AW
& RolEA 1 o]% Z wW3E HBo|x] QYT Soybean 0ile] B¢ L-valueoM=

HMEE Rolx] 3, a W b-valuexs 4T FyBshe FWUE uEhulch 2za
lecithin®7} B ulzg} xjo]F BE=d], lecithin¥r7lged 29 L, a W
b-value2] HrTlE 935 Bolx] ¢Iot3, lecithinFA It A L-value: &7}

3 Z¥E, a W b-valueo] SloiM& Zasts ZFY¥E Ve THTable 5-7). %
ZAH25C, 5500Lux) Z27AL] AL glycering base® €& 7% L-value= ZrATD]

= AL uUehidz, a ¥ b-valued] ZA$ Fste ZHPE RYEd, 5
b-value?] ¢roflA] Kol F 7px]2] ZZAoA et nfAIIR R 4 A7 o] o= WA{F}IA
718 AYE Hol®A 1 ofF & WHyE Holx] grh wtdd, FF4+E

base® 3}HE AL L-valuerr Z718h= ZF3Eg e, a 4 b-valuel= 7443}
= A8 UERICE Soybean 0il8] A% lecithinX7F§-Fo] wiel Z xjol& Hol
=9, lecithin¥7}F2] ZL L & b-values E718te 232, a-value:= A 31H

Zasts ARe BAAT, BAAP A9 L, 2 ¥ bvalues] Qof It 2 A
_'—;'-_,
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Table 5-6. 2ol Me] Rty o) M=Hy (25T, ¢4)

storage time
0 1hr 2hr 4hr 8hr
samples

Glycerin+ L | 2024 | 27273 | 27.11 1123 | 1155
. Hunter 28.20 29.44 26.00 34.97 32.51

C rth a e » . - v
arthamin® | e | b | 1099 | 906 | 1000 | 4319 | 43.46
lecithin JE | 4302 | 4234 | 3779 | 5828 | 57.00
DW+ L 14.42 16.01 17.11 1936 | 1586
: Hunter 35.27 34.19 34.06 31.88 32.76

C I‘th a ] . . » .
arthamin® | e | b | 4797 | 5029 | 5193 | 5502 | 49.97
lecithin JE | 6285 | 6447 | 6600 | 6805 | 634l
_ L | 2863 | 2797 | 2854 | 2572 | 2854
Soybean oil+ | Hunter | 33.31 30.80 28.35 32.49 28.35
Carthamin | value | b 1857 16.24 12.91 23.18 12.01
JE | 4881 4574 | 4324 | 4874 | 4324
Soybean L | 4010 | 3880 | 3672 | 3470 | 40.12
: .| Hunter | 4 14.09 1671 | 12.64 14.97 12.65

1+c h . . . . .
ofrtarthamin| & e [ b | 390 | 478 | 678 | 724 | 466
*lecithin AE | 4310 | 4123 | 40.04 | 3909 | 42.74

Table 5-7. @4zl e] 34 HMLo] MWt (40°C, 90% R.H)
storage time
0 1hr 2hr 4hr 8hr
samples

Glycerin= L 2924 | 2059 | 2032 | 1097 | 1332
. Hunter 28.20 27.62 27.79 34.11 34.21

C rth a . . » . -
ATEAMINT | ale | b | 1099 | 797 | 808 | 4273 | 46.24
lecithin AE | 4302 | 4209 | 4204 | 5135 | 6063
D.W+ L 1442 | 1716 | 1699 | 1706 | 1963
: Hunter | 4 35.27 3552 34.91 33.96 32.13

o . . . . .
Carthamin® | e [ b | 4797 | 5200 | 5179 | 5184 | 5543
lecithin JE | 6285 | 6693 | 66.31 6586 | 6858
_ L 9863 | 2704 | 2882 | 3138 | 304l
Soybean oil+ | Hunter | 5 33.31 3294 28.66 26.70 23.35
Carthamin | value | b 1857 | 2078 | 1455 | 1394 | 1478
AE | 4881 | 4366 | 4420 | 4445 | 4208
Soybean L 4010 | 3581 | 3759 | 4046 | 39.93
. .| Hunter [ 5 1409 | 1388 | 1560 | 1156 | 1255

1+ Carth . . ‘ . .
oll*Carthamin| -\ 5 T 390 | 526 | 462 | 566 | 502
*lecithin AE | 4310 | 3927 | 4145 | 4290 | 4259
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3) ¥ NAF o] 8Y 24 Pl M ¢PY R BF[Y A7

Aatel, o, 4829 3 gt 2AL @ 15% gelatin 5%, B 80%2A, A T
Hajo] wE Aely] Aele] N=AA A Fig. 5-13F Arh M4 feko] Frig
of whel Lk} afte Z4, b F7PtHe ZWE B £, M4 55 H3
o Ayl Aele TPASE ZA3ls= Fig. 5-29F Ytk M4 o] FIIU4LF
hardnessi= & W37} ¢43, fracturabilitys %7}, adhesivenesst= F7}3l= 7
¥& 2don, gumminess®} chewinessi= AUl FiLsH 4o F7t B
& Badenl, 0.10xs thE AlRRr} @A3tA gol TIE A|RECE MaAyglo)
0.10%4z2]7} HEPo] & 2oE £&HcE MAY )] ot Ao BsF 54
& Yol ZzHs Table 5-48F UtTh Bi(taste) Foj(flavor)s MAH7te] Lyt
Foj2 el 2ol Bolz] ¢kotz, M(color) 0.05%2] A7} Koz M3 e}
A UERRTHp<0.05). AHZ(texture)E  ¥r¥/d(elasticity)®} FAHAY
(fracturability)e] F7}x] 2% 0.01%8] He|7} 713 &2 & LIER QT AN
A MBEE BAUsE 0,02 A7F2o) e 0.1% Welst 7 e HIEE B
Uepigich |

B} -ollA B eyl alele] MA7|0e] wE A, AN, syneresis %
53Y Z2tEs Fig. 5-3olA 8z} Zth xA7[zhel] mwhel LIS YA F20A &
T Zashe B3YE BAch 53], 0.2 aE0Eo] ZAaFKo] Feon, FHNEE
tado] 7H ARgkct. A AL =zl mretde BAECTE A2olM AHZYL Zol of i

A Zastdeon, L3te] Z4AZFYE vlx¥ch F, Ao] 2ol upeid Azl
lightness7} Ztadhs ZI0E & £ QoA B3 o WE TR de )
A& AHgslol & Zeg F2HHch AAAT|o] wiel bt FA 2 AelM 2T
718l B¥& Edch Al AHAr|e] AoAEE ojdyyge] Uehte A&
WAste] 3000rpwoll A 2027 YAEIPLEHN £2H E& F3l synerisisxE
ZAE Azt B oA BE 0.2% MaH Mol 7H BABIA ol Ate] L}
epen, FEIMEAME A uEhux] sttt ZEuh dRelA Ruy Ade|st
g&oll A By AelEct F71Fo] 2girt. uhebd el oldudE =] f3iA
£ AR Zo) $& o2 239r) dax 23FB, A7l FrHY
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4% hardnesst= J&ofMe Zadte A%UE BAD, SFEBolME Filtte 7
gg Baed, o2 WARBoINE Alte] S e uiztM Mele] PgFRI}
o 2wz e Reg &Mt} XY, fracturabilitys WAL AbofA
BE ZIMste AYE BAoy 30t £F2 JelM o Ach Hayge) g
of wlzbM fracturabilityls Z7isted, 0.2% MAR7IFolM 713 At A A7) 2o
u}2}l adhesivenessi= WHEBPoME ZtA, Aol It FUE B A
ayakol Flgte] wleld WABHolME 0. 258 AHTbFo] A Fof VAT 7
Agon}, AoME ¥rlE xolg Holx] gith &, HNFAH A Magkare
F 7ol wel ol Wadat Azke] Wy} Fristden H3] B Aol o wE
HEE Boch uweld Mz ANy EEM & F4E UERD 0.05%2) A
e Hed 543 AR OB E URATE HA2ALE Ay
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Fig. 5-1. Hunter L, a, b values for gelatin jelly with various concentration

of Safflower yellow pigment,
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Fig 5-2. Texture properties for gelatin jelly with various conentration of

Safflower yellow pigment (H:
G: Gumminess, Ch: Chewiness).



Table 5-4, Mean scores of sensory evaluation data for gelatin jelly with

various concentration of Safflower yellow pigment

Characteristics
pigment Texture
(%) Taste Color Flavor elasticit fracturabilit - Dvera.l
acceptability
Y Y

0 4,1250" 3.2250° 3.7833" 6.5667" 6.1083" 3.4250°
0.01 4,5500" 5.0250™ 4.5583" 6.6917" 6.7333" 4.8417%
0.05 4,9667" 7.0083" 3.7167" 5.7833% 4.9917" 5.9583"
0.1 5.4250" 6.2083™ 4.6750" 5.0250° 5. 6250 6. 3500
0.2 4,2909" 3.7727°° 4.8091°  3.1364° 4.0727° 4.1455°
1.7120 1.6020 1.5653 1.7009

LSD 1.9438 1.7688

USensory characteristics were rated on 5-point scale : like extremly(5), dislike extremely(1).
Mean value from 12 replications
"¢ Means on the same line not followed by the same letter are significantly

different (P<0.05)

LSD : Least Significant Difference
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Fig. 5~3. Changes of Hunter L values for gelatin jelly with various

concentration of Safflower yellow pigment stored at 22¢C.

106



4 | —o— 0%

-a— (0.05%
—A— 0.20%

Hunter b value

|
|
|
i
|
|
-2 r ) '
i

_4 1 L H 1 1 1 1 I
[0 4] ch &h 12n  16h ]8h 248 48h 72h 9%6h 120h
storage time(hours)

Fig. 5-4. Changes of Hunter b values for gelatin jelly with wvarious

concentration of Safflower yellow pigment stored at refrigerator,
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Fig 5-5. Syneresis percents for gelatin jelly with various concentration of

Safflower yellow pigment stored at 22T.
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Fig. 5-6. Hardness of gelatin jellies with various concentration of Safflower

yellow pigment stored at 22°C.
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Fig. 5-7. Fracturability of gelatin jellies with various concentration of

Safflower yellow pigment stored at 227TC.
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Fig. 5-8. Adhesiveness of gelatin jellies with various concentration of

Safflower yellow pigment stored at 22°TC.
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U Hx AMAL BRAENAY BB A7
) A2 AL 7 BdolMe P P BEEA

HLE 2ot ThE 4712 FHY A BE o83l FEEE RAY 3, 4 Ma
£o)2 587nme] Ao} FSupAolAl 0.108, 0.292, 0.468, 0.7552] FHEE LIEh]
A, 4712 Magdoz BeZAY A FHE7) 0.2928 A2l o3 7 A
357t gourh oiebd HojE<$uiat 587mmollA FREI} 0.2029) MARAS B
S8 M4 5 2702 ZAAYsAcCh A BMAE pH 272(3.0, 5.0, 9.0, 11.0)
of A 25CY wf 76U MASIEA ZAIY A2} pHIt FIMUSE FH = bIfol
W& Uehle ZeE Hol Xz} Pl Abgdd of Bris odte]dd of o UF
sttin @ $9lth (Fig. 5-9) 37|73 Ikl Hrlol 243 A%g =Als}7]
$ioto} Magelol Na', K, MgZ. Ca¥, ALYz ulZtA] o] &(Na', K, Mg", Ca¥)& %
o] Aristed MASAN WHY A o] 2FFol wWE FRHEY Aol IA Ueht
2] ofokm wiwlol bzkel WM& Al H$ T2 FRY S0l ulsie b
3ol A ZaEe] Bl AMtE A& ¢ 4+ dHdrh (Fig 5-10)

geo] Rl wE #BHH 5HE Yoty 9t pHId EENA §o

sucrose, glucose, fructooligosaccharides, isomaltooligosaccharides& 3 7}3}od

i

S=AAE 3 A} fructooligosaccharides, isomaltooligosaccharides®tg Y&

2L VL2 A3 =7} W3dAwt sucrosest U Y& wl ME=T waUTh
=)

3

D= AlollAd Bo)ZY xolE Ho sucrose, glucose, sucrose + fructo-
oligosaccharides, fructooligosaccharides & 2 7}3fo] A A3 Azl AYT
Z xlolE Bojxl iyt metd Maye ol whep g WHE Holx] dg
Aoz oAHch

otulimatzt Vit Co P& RAMSL7] 913te] W4 ofmAtel isoleucined}
threonine & H7HYF A2} FF T btolld 2 AolE Rojx| o} oimjiitel 3
747F X2} o] GG AYE EriL B = ok i Vit ¢& HIs)
A wiolles FHEZ b3t Hago] AAM AP IA IVE F= As ¢
algdthFig 5-11).

4
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b, Folg, ofnlikal, Vit CF H7HEel Efhilel uel &R B5H &
‘go] oA WHItsxE ¢otRr] i3t WeAAE € A Mo cisiMe
sucrose®} amino acid® M7}%t AlRof cis] 713 ¥ AIEE LIER4 D ANH
Q) 48 XollM = sucrose?} fructooligosaccharides& ¥l M7yt 2 F&o]}

amino acidg ol A3 AJEJ A L MIEE VERf AT
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Fig 5-9. Effects of pH on the stability of Gardenia blue pigments at 25C
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Fig 5-10. Effects of metal ions on the stability of Gardenia blue pigments at 2
5C. Blue pigments preparations containing 13% sucrose on pH 3.0
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Fig 5-11. Effects of Vit C on the stability of Gardenia blue pigments at 25°C. Blue

pigments preparations containing 13% sucrose on pH 3.0
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2) W) EPHY B HY A7

Mzl AL MA MiEEst FIMU4SE L-values 0.01% BrlZols ZAct

7t AF F7ishe ZAuE UERIR, a-valued] 79 HAFIoM HrlE HHE 2
o]z igtor}, b-value?] -9 0.05% H7HF o|FFE IA F7Ishe Z¥E LEL

Uit 24 &3 Z3}, hardnesst ¥ FMiofMe} wriAlZ 0.01% H¥7

A B 2h& Ve w3t springiness, gumminess, chewiness®< EE 3 7)o
A HT}E xjo]& Holx| ¢kgkal, fracturabilityl MAxol mel F7ishs A
& UEelichFig. 5-12). ¥5B7ME B delwl 5%, A% 15%, SRt M4
T8 80xe] wigRAE 713 Yy 2oz At
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Fig. 5-12. Textural properties for gelatin jelly with various concentration of

Gardenia pigment(H; Hardness, F: Fracturability, A; Adhesiveness, S:

Springiness, Co: Cohesiveness, G: Gumminess, Ch: Chewiness, R: Resilience).
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2. AEHY VANLe AEYS AT
7} FURHLE o$T Y5 SR AZ A7

e L8 RAES Table 58 ol AAsIed Moj iyt AA¥E =AY
Z2} Glucose, ascorbic acide b valuest FHEE F7IAZ 2L, amino acidE 7
AAlZiTh 18 /2 J1%8 S2o] iyt WeBIHE § Z24E Table 5-60f Lieh
olt}. ML glucose, ascorbic acid® 2I71% AR oisf /1% &2 HA4E LERY
o, glucose?} metal ionsE H7Ig AJZo) ths) 73 W B4 vehigct
&, EUPMAE o] &3l LRE UE FF, YUHALEZT go] 2ol sucrose T
Al glucose® AME5}3l, HMIIEE ascorbic acidd Ariycid UHAHoE £y
A 282E UE + A& Aotk wmtat 4IskE sucrose, amino acids,
ascorbic acid® A7} A 2o i) 7R 4% d4+E Ve, HIES 9
A & ARl ois 7R W2 F4E uEpddch AMFHL $E=& glucose,
amino acids, ascorbic acidE& B7IF Al&of il 1A &2 H4E LERAAC
ZAzHeoz %iiﬂr A MF I FL2 ABE glucose, amino acids, ascorbic
acid® A1 AEEHN o] A]E& color, sweetness, sourness 5 EE W&o tf
3 243 ZE Uehle] S22 ANl Huy 2d Aladolatn AR

T}
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Table 5-5. Experimental composition of beverages with Safflower Yellow

pigments

daditives Sucrose Glucose Metal jons'’ AW‘"?, Vit C
Sample acids
A - - N _ -
B 13 - - - -
C 13 - 0.01 - -
D 13 - 0.01 0.08 -
E 13 - 0.01 0.08 0.04
F 13 - - 0.08 -
G 13 - - - 0.04
H 13 - - 0.08 0.04
I 13 - 0.01 - 0.04
J - 13 - - -
K - 13 0.01 - -
L - 13 0.01 0.08 -
M - 13 0.01 0.08 0.04
N - 13 - 0.08 -
0 - 13 - - 0.04
P - 13 - 0.08 0.04
Q - 13 0.01 - 0.04
R 6.5 6.5 0.01 0.08 0.04

Concentration of all additives is in g/100ml(except for metal ions; M)
Y Metal ions; Na', K, Ca®", Mg
? Amino acids; L-Threonine, L~Isoleucine
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Table 5-6. Mean - scores of sensory evaluation data for beverages with

Safflower Yellow pigments

Characteristics

1) .
samples Color Sweetness Sourness Overal{ .
acceptability

A 6.617° 1.700° 1.450° 2.067°
B 6.350° 6.083%° 5.050° 6.300°
C 5.683° 4.683%° - 4.150° 5.350%°
D 5.333° 3.917%® 2.900° 5.567%
E 6.117° 4.467%° 4.083° 4.900%°
F 5.567° 3.767* 3.633° 6.617°
G 4.983° 4.650% 5.200° 6.033°
H 6.383° 6.633° 5.850° 6.683%
u 6.083° 4,450 4.033° 4.867%°
J 6.150° 3.967% 4.983° 5.250%°
K 4.433° 4.650% 3.883° 4.333%
L 4.933° 3.633% 3.800° 4.583%°
M 6.700° 4.450% 4.667° 4.087°°
N 5.633° 3.883%° 4.200° 4.350%°
0 6.967° 3.533%° 3.950° 5.350%°
P 6.633° 5.933%* 5.250° 8.767°
Q 5.517° 3.867% 3.867° 4.217%®
R 6.233° 4.750%° 5.400° 6.233°

P Each composition of samples is shown in Table 5.

means in the same line not followed by the same letter are not
significantly different (P<0.05)

a~h
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L A2 AL AR MU "E A7

HEHY PHT A2} FNAE AE DR CpAlo) Wl Aae) w84
MZE THale) L Fhed g ZABIDAL dae] w50 W 2RE Weltld Az
¢ swriae] B4e Wolmolth Axl HAAL 95% ethanolZ R2BY ¥
charcoalol FAAIH BM2E HAASL A3}, ZFAA geniposided Y F £
-glucosidase® 713 JtRslAlA wlo] B2¥ genipin®& €3, o] genipino]
glycineg UHEAlA MBEY Azl UL E HAzstdch ABVA che] HAF
A zZPAT YLD 95ty Mol H=(0, 0.01, 0.02, 0.04%)} we £/
(T, ZtEgelnn)E Welsle wUTiS AZstn +2u, M, YaxNg B
Bein, BAAE AABAC)

Thale] ATl Table 5-76] UEhS AN Y Bri, gelmwithl 2FolM Hag
ato] Z7lgel we} L7k bt BE Moz zast: ZAng Uthjach B
gelagTiAle A$ BriART) HEE $32 BASE W ATE Ushiel g7
2% A8 A Ag o @A she BAE Uthis ez Azurn. A4 0vg o
Triaey RAEs) g nRTiART &2 Ut ol T XA R o
Reg MzuL.

Table 5-7. Hunter color values of Dasik with Gardenia blue pigments

Pigment L’ b
(%) Honey-Dasik Oligosugar-Dasik  Honey-Dasik Oligosugar-Dasik
0 76.60%7.07" 90.41+1,.63° 16.09£1.05" 9.52+2, 61°
0.01 74.11%3.16° 81.20%+4,27° 1.41+3.16° -0.35%2.00°
0.02 66.46:6.36° 73.37£6.55° -4,65%1.16° -4,72%1.55°
0. 04 61.24%1, 12° 70,42 +2.63° -6.65+1, 40" -6.53+1, 90

abcd\feans in columns with different superscripts letters are significantly different

(p<0.05).
Values represent mean*SE
‘L value : Degree of lightness(white +100 — 0 black)
a value ! Degree of redness(red +100 « -80 green)
b value @ Degree of yellowness(yellow +70 <« -80 blue)
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. 2o SR Masso] mhE ciA e texture JYZA24E Table 5-80) Llehigl
th. & 71z} cidol M BF Z=E(hardness)E MiEErt FUSLE RMer F
7ttt BBE Uehidon felagriyEct iy Z=rt o wolth mhafd
(fracturability) Al MieErt F71H4E 13 gle] F7isidcoh. A4
(gumminess) 2} 431 /d (chewiness)Z HETHHolM = MAEE7t F71USE AAAY,
Sejagridoj e Mapsof uizl KA AolgE Rolz| Qorh B AMER
& o, 222 NAEET FMUSE Zx, FY HUE Fol F7e UE UE
Lol o wigheiz]l= o Liejutc),

Table 5-8. Textural properties of Dasik with Gardenia blue pigments

Pigment(%)- Hardness Fracturability Gumminess Chewiness

0 ~ 52.61%19.83° 18.51%0,82° -9.64%0.43" -8.76x0, 34°

Honey 0.01 120.65%£14,93° 20.49+2,02° -1,92+0.78° -2,36%0.47°
-Dasik 0.02 184,10£26.83° 30.95%1.79° 0.74%£0.15° 1.48%0.40°
0.04 228.14+£21.56" 132.76%36.34" 3.18%0.31° 3,45%0.45"

0 16.40£2.33°  20.53%0.65°  -0.02%0.00° -0,020.01°

Oligosugar 0.01 19.99+0,95°  24.28+2 32" -0.03£0.00® -0.03%0.01"
-dasik 0.02 22,25+1,71°  26.12%£0.34®  -0,05+0.01° -0.03%0.01°
0.04 76.01%£3.45"°  28.15+1.07° -0.65+0.02° -0.17+0.03"

®"cMeans in columns with different superscripts letters are significantly
di fferent(p<0. 05).
Values represent mean=tSE

22} BALE UMY B Seladriie] Bed 54 Zs Table 942}
102 Zrh Bohy, geladtid 25 471A] sxof o ciyed EE AlZzo
fFoA el Aol UehixlE Aottt diAFoz M M4 0.04% BT ARE 7}
B AFAT vuts b Iz ok ¥ols B 0.02%, E]awchy
2 0.04%2] MF HIM T HB3es 2oz veldoh Zdafo] tisids &

glagrid Bt Zoide] AAE ZetA FotdEd ol B AACA L Hol
3 dEd Aoz Yzpdch ARL Feladoia et Brire] ZEE w4 B3I
o, 71Ad BIHTPA)lM = Brirle) Zrx(hardness)”t &89 THA Y FEEr)
A Uehd 2z e Zajelrh. vl TPA Aoide Masxe] Frto] mhel
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w2 Fxr} wolAx, WeFI AdMe Masxe] AU Az

£ LERA] oddtch HAA sEzof dlojMe FriAoMs A4 0.04%2) iy,
2T o= M4 0.01%2] THAE MdTAHch ANFoE MAF 0.04% A
71 ARE M BRI vl o] d¥she A2 Uehd XAt PYMLE 0.04%
IRt A2 BT Y Y Thed & EoFr

Table 5-9. Mean Scores of sensory evaluation data for Honey-Dasik with various
concentrations of Gardenia blue pigments

‘ —_Pigment(36) 0 0.01 0.02 0.04
Sensory description

Color 5.90%0.31° 5.88+0.73" 362%0.54" 6.13£0.53"
Sweetness 5.79%0.16" 585+ 1.45" 6.23%1.84" 7.10£3.16"
Flavor 3.86*1.44° 427£250" 542x201" - 492%3.16"
Unpleasant flavor 4241073 443045 459057 5.40%+0.55"
Texture 704+ 155" 6.56+147° 524+1.07" 5085%+1.12"
Overall acceptability 6.17+0.46° 5.29+0.61" 4.00£0.47" 6.53%0.44°

ab<‘Means with different superscript letters within the same row are
significantly different(p<0.05).
Values represent mean=+SE.

Table 5-10. Mean Scores of sensory evaluation data for Oligosugar-Dasik with

various concentrations of Gardenia blue pigments

Pigment(%)

R 0 0.01 0.02 0.04

Sensory description

Color 5.31£0.59° 4.59+0.62° 6.18%0.42° 5,72+0.76"
Sweetness 4,82+0.48" 4,80+0.30"° 3.61%+0,59° 4,91x0.27
Flavor 4,29+0,81° 4.72x0.81° 4.23%0.56° 5,88%0.38°
Unpleasant flavor 3.87+0.62" 2.13+0.34> 3.50%0.55° 3.58%0.73"
Texture 5.51%£0.63" 5.57%+0.41° 4.32+0.64° 5,51%0 31°
Overall acceptability 4,95+0.59° 5.16+0.69° 3.81+0.50"° 5.05%0.65°

*"“%eans with different superscript letters within the same row are

significantly different(p<0.05).
Values represent mean=*SE.
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th % o) QR REATF

2 FHEYL FHY F et E £2&310 ARl TRYEHE g2
T BALE S FAE HY HE o] &3t e AF UL HHoll Yo 5=
H(0, 0.02, 0.05, 0.07, 0.1, 0.2%)2 A7I%te], Mx, F4, iy W H&3
S48 RAIET), AL skl F71Y4E Hunter LIS ZEAFII Hunter bl
718t ZUE vehio] ¥AaxT A= AdE BEATHFig 5-13). BHZ(D
e Ze AR YHRAo] ARt 4T w2 UL A AHAY JRFL
A2, 3% 2% 7 sxoitt 4y Fiste 3RS BATHFig. 5-14,15). TPA &
AZA2 hardness, gumminess, chewinessi= A4 ko] £ 7iyo] izl Kooz
a3t A Llehalal, springness, cohesivenessi= A]EZto] & XjolF Kol
A| ebgkch(Table 5-11). W2} Xg7ige] WolW4S oldgael YAstdEd,
A HFolke]l B &4E oYFTI} wAUAL, HAo] mel I Aok AHUL ¢ F
ek Vbt A28 B¢ A 3d7AE M Hule] o3 {HA 2AolE
Holx| ¢ot3, 4URE RAZZI ML A7 ARE Aolo] #HQ 2ol B
CHFig. 5-16). W3] F¢ A2 vz ZHE Rl o =e 4L
Beh 3A uvelytch @A A3, M4 0.05%F B2 2ol H(color), Y&
=Z(feel in mouth)o] 7}¥ *43tA] BIrt=leda, 0.02%& HIIY LS &7171
71 oy Ao ustuth AN £E&ZE M2 0.07% HIlEE RAHeR A
Z 5 THP0.05)(Table 5-12).
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Fig. 5-13. Hunter L, b values for Kwapyun{Korean traditional dessert gel) with

various concentration of Safflower yellow pigment.
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Fig. 5-14. Changes of Hunter L values for Kwapyun(Korean traditional dessert

gel) with various concentration of Safflower yellow pigment stored at 22T.
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Table 5-11. Textural properties for Kwapyun(Korean traditional dessert gel)

with various concentration of Safflower yellow pigment

pigme)nt(% Hardness Springness Cohesiveness Gumminess Chewiness
0% 1361.81£3.76° 0.97° 0.45" 608.14£20.01°  587.91%+4.33°
0.02% 1181,19%40,97™ 0.96" 0.45" 526.68+21.64™ 507.40%18, 96>
0.05%  909.97+173.18" 0.95° 0.44" 399,68+84,43  382,45%85. 30"
0.07%  874.17+138.67" 0.96° 0.43 365.31+39,17°  353.18138.89°
0.10%  891,25%77.69% 0.94° 0.43" 384.38£52, 42"  364.96+54, 99"
0.20% 605, 80%55, 14" 0.94 0.44" 266.25+26.33"  252.43%24.64"

. ™) Means on the same row not followed by the

different(p<0.5)

same letter are significantly

40
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» -0.07%
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M &7{Z2Hday)

Fig. 5-15. Change of Hunter b values for Kwapyun(Korean traditional dessert

gel) various concentration of Safflower yellow pigment stored at refrigerator.

127



25

20

18

10

ol (4 2)

—— 0%
-o—0.02%
0.05%
- 0.07%
—»—0.10%
——0.20%

Fig. 5-16. Synerisis percents for Kwapyun with various concentration of

Safflower yellow pigment stored at 22TC.

Table 5-12. Mean

Scores of sensory evaluation data for Kwapyun(Korean

traditional dessert gel) with various concentration of Safflower yellow

pigment

ory description .
pignent (%) color lightriess feelinmouth springness shortness aceptability

0%

0.02%

0.05%

0.07%

0.10%

0. 20%

4.460,81° 5.03£0.74" 4.41£0,59" 4,340, 62" 4.63£0.60" 4,20+0. 55"

5.00£0.79% 7,07+0.65° 4.10+0.56" 5.55£0,71™ 3.08%0.53" 5 92+0. 64°
5.00+0, 36"

6.77+0.34° 6,15£0. 42> 5,89%0, 48° 5.47+0.51* 5,730, 57
5.3510.56™ 5.00%0,46° 5,30£0.63" 6.27+£0.42° 3.74+0.53* 6.35+0.45°
3.9510.54" 4.5410.57° 5, 51£0.43% 4.57£0.59" 5.24+0, 74> 4.62:10. 48"

2.30+0.57° 2.6910.53" 4.05%0.50" 3.78+0.48" 5.94%0,56° 3.27:+0,.53"

*9 Means on the same row not follwed by the same letter are significantly

different{p<0.5)
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