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2=« 2|2}, Gardenia jasminoides, Geniposide, Genipin, o} Ak, X]x}3 A 4

*AgtA 2



400 olAle] - Fef g - wled

o F&stel M T oA YE BAste] AR
t}. Column chromatography-& silica gel2 Kiesel gel(230~
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£ charcoal® FHAL AES A3 oA, 19 EF R
2Z A 22 Duksan Pharm. Co.2} Sigma Chemical Co.oj 4]
Fato] L&A}
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'H-400 MHz) ¥ “C-NMR (100 MHz) spectral= OXFORD
FT-NMR=Z, UV/Vis spectrai= Milton RoyA}2] Spectronics
3000 71712 &8t 553-& Mel-Temp 7]7](Labora-
tory Devices)& EA3t3.0m 242 A &do

Geniposide?| & 3 EHA|

Geniposide®] % % A& Endo 39 W% o] &5}
Aot & XxEe 50 g& =AJell ZobA] chloroform © 2
AAES AAZ T, HEEE A W FE34] A9
gt 7 F=3Ach F5ES charcoald] EFA1Z o}
< B2 A A 10% oeE Ao AL F HF
oz Wegs AHEEY glycoside 8-S ATt 74t
=23 glycoside H8-& silica gel column chromatography
(CH;,OH:CHCL=1:3—3:7)2 AAsto] 0904 g(SE:
1.8%)%) geniposideE ARt} mp. 163~165°C* 163~164
°C), R, 0.56(CH;OH : CHC1;=3: 7), UV(CH:OH) A,.=237 nm,
'H-NMR (400 MHz, DMSO-dy) § 7.45(1H, s, H-3), 5.67
(1H, br. s, H-7), 5.11(1H, d, J=6.8 Hz, H-1), 5.02(1H, d, J=
5.4 Hz, G2-OH), 4.96(1H, d, J=5.1 Hz, G3-OH), 4.92(1H, d,
J=5.1 Hz, G4-OH), 4.72(1H, t, J=5.4 Hz, 10-OH), 4.52(1H,
d, J=7.8 Hz, H-G1), 445(1H, t, J=5.8 Hz, G6-OH), 4.12(1H,
br. d, J=15.0 Hz, H-10), 3.96(1H, br. d, J=15.0 Hz, H-10'),
3.64(1H, m, H-G6), 3.63(3H, s, -OCH,), 3.41(1H, m, H-G
6), 3.16(1H, m, H-G3), 3.11(1H, m, H-G5), 3.05(1H, m, H-
G4), 3.05(1H, m, H-5), 2.97(1H, m, H-G2), 2.67(1H, m, H-
6), 2.63(1H, m, H-9). 2.03(1H, m, H-6), "C-NMR (100
MHz, DMSO-d;) § 166.9 (-CO,-), 151.6 (C-3), 144.1 (C-8),
125.5 (C-7), 1109 (C-4), 98.6 (C-G1), 95.7 (C-1), 77.2 (C-
G5), 76.6 (C-G3), 73.3 (C-G2), 70.0 (C-G4), 61.0 (C-G6),
593 (C-10), 51.0 (-OCH3), 45.9 (C-9), 38.0 (C-6), 34.4 (C-5).
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Acetate $+2-8-9(100 mM, pH 5.0 X|AZ2E F23F
geniposide(20 mg)$}t B-glucosidase(1%)& 7}s}a. 37°Coll A
A7 B¢t F R 30 etherE o] 83l FEE st
o] & 73t 55319 genipin 9 mg(FSE: 77%)& AU
mp. 119~122°C(ref.” 120~121°C), R; 0.34(hexane : ethyl
acetate=1:2), UV(CH,OH) A 240 nm, 'H-NMR(CDCL) 7.53
(1H, s, H-3), 5.88(1H, s, H-7), 4.82(1H, d, J=8.5 Hz, H-1),
4.35 (1H, d, J=13.2 Hz, H-10), 4.29(1H, d, J=13.2 Hz, H-
10'), 3.74(3H, s, -OCH), 3.22(1H, ddd, J=9.5, 8.5, 8.5 Hz,
H-5), 2.89(1H, ddt, J=16.8, 8.5, 1.4 Hz, H-6), 2.54(1H, ddd,

J=8.5, 85, 1.5 Hz, H-9), 2.07(1H, ddt, J=16.8, 9.5, 1.8
H-6), “C-NMR(100 MHz, CDCL) 167.9(-CO:-), 152.4(C-3)
142.1(C-8), 130.9(C-7), 110.8(C-4), 96.3(C-1), 61.3(C-10)
51.3(-OCH.), 48.2(C-9), 39.0(C-6), 36.7(C-5).
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ig. 1. UV/Vis spectra for the formation of blue pigment from genipin (0.1 mM) with glycine (1.0 mM) in various buffer solutions
7ith different pH at 70°C. (Scanning interval : 30 min); (A) pH 3.0 (100 mM citrate), (B) pH 5.0 (100 mM acetate), (C) pH 7.0 (100
1M phosphate), (D) pH 9.0 (100 mM CHES), (E) pH 12.0 (100 mM phosphate).
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Fig. 2. UV/Vis spectra for the formation of blue pigment from genipin (0.1 mM) with various amino acids (1.0 mM) in 100 ml\1
phosphate buffer, pH 7.0 at 70°C. (Scanning interval: 5 min); (A) Gly, (B) Ala, (C) His, (D) Lys, (E) Phe, (F) Glu.
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ig. 3. Arrenius plots for thé formation of blue pigment from

enipin (0.1 mM) with amino acids (1.0 mM) in 100 mM

hosphate buffer, pH 7.0 at different temperatures. Key: 0—O;
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hu,

able 1. Rate constants (k) for the formation of blue pig-
ments from genipin (0.1 mM) with various amino acids (1.0
mM) in 100 mM phosphate buffer (pH 7.0) at different
lemperatures

Temperature Rate constants(s ") x 10°
O Gy Ala His Lys Phe Gh
60 321 1.80 3.70 5.18 2.02 1.59
70 6.79 3.73 932  10.60 4.40 3.86
80 9.48 8.18 1631 23.80 9.50 7.33
90 1478 1846 30.61 5049 20.61 16.36
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Jad)

& AT 403

Staphylococcus epidermidisE 16A]7F W okstd A=A M~
2 HEANYE 23t dEd ol 53 Az oA
Aol BEAHoR Eo] QlE geniposider} wAPEo]| 93
genipin© 2 F3Fo} opr|icAba} Wkt ERA FHAT
A 3, A ANt FALG Mol B2 e
= R0z =AY} Geniposide S 715=28)517] ate] v]4y
& W immobilized enzymeS AME-3R= tAlel] immobilized
growing cellsE o}-&8te] FMAE ALH oz A=
Har}t Q5" o] 7% geniposider} Ao Agdo R
Eak olugt Ao A= frelgh whele) & 4 gl

A= A ERE of e} TR M9l 9] Mo] 7E3te]
Agrne S87Fsd0] AX A, deaa), Z4H,
Ak, B o, &2 F, 57 5o A 8442 o84
Ae}.? ol Ak th Aol aminosulfonic acid$] taurineg A}
€3 FlE AT HALE AL F oI I Y
F84¥E HPLCE RIS te Har7) gleug, ofn)
=4t ol9le] TE opn| s HES AMESt] A7ke] A3
FHAE Bl AP LR,

oldel 235 Fdehd, xA4e] J&<) geniposideEs 7}
T ste] A2 geniping o}v| it} WEEAIA A&
U= A2 A e] AHEAS pH 7.001903, pH 3.0 22
NAE HAL7L AE) AEEA) Qsker, pH 120 2710
A veke) AT AR ofnlieAte] FRol ujet
AME A AGF D Aghol xto)7) A=) lysine(A.=
573 nm), glycine(A..=595 nm), phenylalanine(A...=602 nm),
alanine(hn=595 nm)zhe] M-l A BE A7} BAH
1 histidine(A..=601 nm)¥} glutamate(A...=601 nm)e] -9
e He o] ML AU A7 2E=H (60,
70, 80, 90°C, pH 7.0 phosphate $h=-8)ol| 2] o] A & AY
AETARE 3190 o5 S Ameniusalol| t)gls}e]
23RS AT 2 glycineo] THE ofn|iAte] 1]
& 53] 2H2 gte] BA SR E veR)AT

LMl 2

o] =R FUFATY SAATHA AFH(1998))
78 st e A7E](1997)el 23t AT RS-
EDES

1. Zollinger, H. Color Chemistry, chap. 16, 2nd Ed. VCH,
Weinheim, 1991.

2. Lee, C. Y. and W. J. Kim, Natural Spices and Food Colorants,
chap. 2, Hyangmoonsa, 1985.

3. Hendry, G. A. F. and J. D. Houghton, Natural Food
Colorants, chap. 9, 2nd Ed., Chapman & Hall, 1996.

4. Fujikawa, S., Y. Fukui, K. Koga and J. Kumada, Brilliant
skyblue pigment from gardenia fruits. J. Ferment. Technol.,
65, 419-424 (1987).

5. Koga, K., S. Fujikawa and Y. Fukui, US Patent No 4 878
921 (1989).



404 ol - e - YIS

6. Endo, T. and H. Taguchi, The constituents of Gardenia structure of genipin: J. Org. Chem., 26, 1192-1206 (1961).
_ jasminoides geniposide and genipin-gentiobioside. Chem. Pharm. 9. Jeong, H.-S., and K.-H. Park, Characteristics of the con
Bull,, 21, 2684-2688 (1973). _ version pigment from Gardenia jasminoides yellow pigmen
7. Drewes, S. E. and L. Kayonga, Iridoid molluscicidal com- Korean J. Food. Sci. Technol., 30, 319-323 (1998).
pounds from Apodytes dimidiata. J. Nat. Prod., 59, 1169- 10. Fujikawa, S., S. Nakamura, K. Koga and J.-I. Kumad
1170 (1996). Continuous blue pigment formation by gardenia fruit using
8. Djerassi, C., T. Nakano, A. N. James, L. H. Zalkow, E. I. immobilized growing cells. J. Ferment. Technol. 65, 711-71:
Eisenbraun and J. N. Shoolery, Terpenoids. XLVII. The (1987). v

Physicochemical Characteristics for the Transformation of Blue Pigments from Genipin of Gardenia
Jjasminoides with Amino Acids ‘ ' '
Jag-Youn Lee, Tae-Ryong Hahn' and Young-Sook Paik*(Department of Chemistry and Genetic Engineering,
Kyung Hee University, Suwon 449-701, Korea)

Abstract : Genipin was obtained from hydrolysis of geniposide isolated from gardenia fruits with B-glucosidase.
Reaction of genipin with glycine, alanine, histidine, lysine, phenylalanine and glutamate in aqueous buffer solution
converted colorless starting materials to blue pigments. Effect of pH for the formation of blue pigments was tested
using UV/Vis spectrophotometer. The optimum pH for the formation of blue pigments was 7.0. No pigment and
trace amounts were formed at acidic (pH 3.0) and alkaline (pH 12.0) conditions, respectively. The amount and
tincture of blue color were distinct with different amino acids. In contrast with lysine (A,.=573 nm), glycine (A..=
595 nm), phenylalanine (A,,=602 nm) and alanine (A..=595 nm), the reaction of genipin with histidine (A..=601
nm) and glutamate (A,,=601 nm) produced relatively small amounts of blue pigments. Rate constants for the
formation of blue pigments from genipin with amino acids at various temperatures (60, 70, 80, 90°C, pH 7.0
phosphate buffer) were obtained. Rate constants of genipin with basic amino acids were larger than neutral or
acidic amino acids. Arrhenius activation energies of the formation of blue pigments indicated that activation energy
of glycine (E,=9.8 kcal/mol) was especially lower than those of other amino acids (E,=13.3~15.4 kcal/mol).

Key words : Gardeniae Fructus, Gardenia jasminoides, Geniposide, Genipin, Amino acids, Gardenia blue pigments
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