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Study on Maillard Reaction Products from Chinese Red Ginseng
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[ Abstract ] Objective; To investigate the Maillard reaction products from Chinese red Ginseng. Method :
The compounds were isolated and purified by column chromatography over silica gel and Sephadex LH-20,
preparative TLC and preparative HPLC. The structures were elucidated by means of physico-chemical properties
and spectral data. Result; Nine compounds were separated and identified as: ketopropyl-1-O-a-D-
mannopyranoside (1), 5-hydroxymethyl-2-furfural (2), 3-hydroxyl-2-methyl-pyrone (3), nicotinic acid (4),
4-methyoxyl nicotinic acid (5), isomaltol-3-0-a-D-mannopyranoside (6 ), ferulic acid (7), p-hydroxycinnamic
acid (8), formononetin (9). Conclusion; Compounds 1-6 were attainable to Maillard reaction products, 7-8

due to phenylpropionic acids and 9 due to isoflavone, furthermore, compound 1 was a new one, and compounds 4-5
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and 7-9 were obtained from Chinese red Ginseng for the first time.
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D-mannopyranoside
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WEFE i 3 RO AR 3% (HPLC-UV) X e 43 87, IF
SR FHUE 3 2 7 1 0k FL Ak 25 S5 M 2047 B P
1 XFE5iK%H

XT-4 fof 280 Js o500 52 A (i R AL IE ) , Autospec-
Ultima ETOF %Y i i % , Perkin-Elmer 683 %I 2T 4} 5
TEAY, UV 2550 #9484 -1] UL 4356 6 B 31, LC 3000 il
£ T 5 O A £ 3% A, Waters 2695 75 25 %00 Wi A €535
i, Perkin-Elmer 241 % fig 5% 4%, Varian Unity
BRUKER 400 BUAZ @4 LR AL (TMS AR | 2 43
FEIE (GF,q, ) FEE (3385 i Ji2 (200 ~ 300 H ) 35k 7 5
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oy in. BEASHEMRERK AR, a6 X
el rp e 2 B R AR B E N IO R NS R
¥ Panax ginseng C. A. Meyer A Z AR MR 2L, ¥
SRS EE N S8 Ve T, 78 100 C R T 241 2 h,
e R NS S v BN @
2 REMSEH

a2 30.0 kg, H 75% £ 85 i 35 [l 3 42 B 3
PR BOR A T R R 4 B RE R R IR =&
He LR TR FIE T B 2 52 26 B, 26 OB 43 0 &
IF AR 13 = AW B 269 ¢ LR LR ER AL
64 g, =G BEER AL S il i ek A A3, 2 k-
PR s 2 Y B (1002 0 ~50:50) , 7531 8 24y, SR
XFHAY 2,6,8 AL0r AT 03 B WALy 2 1R ML G )
1(55 mg) , N 53 6 15 LG4 2(110 mg) J 3 (460
mg) , N#53 8 15 FML5H) 7(74 mg) 8(62 mg) & 9
(34 mg) , LR CEETRALE Fo il ad I (i AL, =5
P o - FRY P2 6 J32 6 B (100: 0 ~ 602 40) , JLAT 2 11 44
o3 SRR A oy 4,8 SEAT B, N o) 4 45 3
51 4(92 mg) , W2 53 8 132451 5(67 mg) ,6
(109 mg) ,
3 HHETE

ka1 HEE RS H (HEE), mp 162 ~
164 C, [0]20D +153°(c 0.21, MeOH), FAB-MS
m/z237.3 [M +H]", HR-FAB-MS m/z 237.097 1
[M+H] " (caled. 237.097 4), #EZib&¥ s+
J CoH, 0, IR(KBr)em™':3 388( —OH),1 717
(-C=0), L&Y NMR(DMSO-d,, 400 MHz
for "H, 100 MHz for " C) P 3 I, ] W 58 31— 4155 19
5, IR B AL & W TR A% Ak 2 A B8 AH OGS g
("H-"H-COSY) 5%t T AH L 9250 (HSQC) K 5
B 2 BEAH G52 9 (HMBC) (5 S B A F 28, 4. 70
(1H, d, J=3.6 Hz, H-1"), 3.22(1H, m, H2"),
3.46(1H, m, H3'), 3.07(1H, m, H4'), 3.38
(1H, m, H5'), 3.43(1H, m, Ha-6'), 3.61 (1H,
m, Hb-6"), 4.78 (1H, d, J =6.5 Hz, C,-OH),
4.84(1H, d, J =4.9 Hz, C,-OH), 4.92(1H, d,
J=5.5Hz, C,-OH), 4.46(1H, t, J=5.6 Hz, C,.-
OH);6.98.6 (C-1"), 71.8(C-2"), 73.1(C-3"),
70.1(C4"), 73.2(C-5"), 60.8(C-6"); L I NMR
Bl D-H g2 HE R NMR Bl 9 — 2, 8omi e b &

.87 .
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Yo 1 a5 s — A D-H R Bro BLAh B
P11 i) NMR B 25 1 — > SRR I IR £ 5 -
8,2.12(3H, s, H,-3), 4.06(1H, J=17.1 Hz, Ha-
1), 4.17(1H, J=17.1 Hz, Hb-1) ;5. 71.9(C-1),
206.8(C-2),26.5(C-3), 7Efb& ¥ 1 f HMBC &
W% (1), &3 Ha-1 il Hb-1 5 C-1"433¢, 1fj H-17
5 C-1 ARG, i B I N g C-1 5 D-H @ # Y C-
V3@ 3 S0 7 M 2 fE L W R — 4k NOE
(NOESY) i L, a Wi % H-1"5 H-2'J C, .-
OH A NOE, i A& & 8 H-1'15 H-3' Jx H4' 2 [ £
NOE, f BUAESE D-H 85 14 i 1 2 Ak 1 (R i A
JEESLEE IRED D-H BRI M R o B . 2R
DA BB, 2 AL 1 09 N B-1-0-a-D-H 55 B
%A W N (9 ST T8 S

E1 #4&%W1KWEE HMBC(—) K% NOESY (<)

ka2 EEMRY (NE) , 2% T &
2, FAB-MS m/z 127.2 [ M + H]*_,'H-NMR
(DMSO-d,, 400 MHz) §:9.50 (1H, s, - CHO),
7.49(1H, d, J=3.5 Hz, H-3), 6.60(1H, d, J =
3.5 Hz, H4), 4.50(2H, d, J =5.9 Hz, H-6),
5.58(1H, t, J=5.9 Hz, C,-OH) ., C-NMR ( DMSO-
d,, 100 MHz) §;178.0 ( — CHO), 151.9 (C-2),
124.5(C-3), 109.9(C4), 162.3(C-5), 56.0(C-
6). DL LEH S S-F W R 8P [ 7 ] — 3, ik
YEAEY 2 R 5-F0 SRR

&3 aagd (PEE) ,mp 158 ~160 C,
Gy T WBE N R S =AW e, 5 ER R -BE M J b 2
R 41 s, H-NMR ( DMSO-d, , 400 MHz)§:2.25(3H,
s,-CH,), 6.35(1H, d, J=5.6 Hz, H-5), 8.03
(IH, d, J =5.6 Hz, H6), 8.85(1H, s, C,-
OH) ,"”C-NMR (DMSO-d,, 100 MHz)5:13.9(CH,) ,
154.6(C-2), 149.2(C-3), 172.5(C-4), 113.5(C-

. 88.

5), 142.9(C-6), LA b %4l 3-5% F-2-H JE-4-nik mrg
iRl P S [ 8 ] — B, e e Ak 5 3 O 3-5 A2
-4 -tk P )

ka4 HEsRE & (HEE) , mp 234 ~236
C, 5L 480 N B AE 4L {0, FAB-MS m/z 124. 4
[M+H]",'"H-NMR ( DMSO-d,, 400 MHz) §:9. 03
(1H, d, J=1.5 Hz, H2), 8.27(1H, dd,J=7.7,
1.8 Hz, H4),7.52(1H, dd, J=7.7, 4.8 Hz, H-
5),8.71(1H, dd, J=4.8, 1.8 Hz, H-6) ,""C-NMR
(DMSO-d,, 100 MHz) 8:166.4( —C =0), 148.6
(C2), 129.7(C-3), 135.2(C4), 123.4(C-5),
151.8(C-6) . DL % 5 00 MR 1 BiE [ 9] — 3, ik
e G 4 AR

Ewm s HEas RS S (HE), mp 83 ~
84 °C, 5 Ak Bk B S IV 5t B 41 f5 . H-NMR ( DMSO-
d,, 400 MHz) §:10.90 (1H, s, — COOH), 7.95
(IH, d, J=8.6 Hz, H-2), 8.23(1H, d, J=2.7
Hz, H-5), 7.27(1H, dd, J=8.6, 2.7 Hz, H6),
3.82(3H, s, - OCH,),"” C-NMR ( DMSO-d,, 100
MHz)5:164.9( -C =0), 156.8(C-2), 126.6(C-
3), 138.1(C4), 122.0(C-5), 138.3(C-6), L) I
Bl 5 4- TP SRR IR i KiciE [ 10 ] Be A — 2, Bouf o
ZALE Y R A-T AR .

ke e B REH (B, 5% T W R,
mp 140 ~ 142 °C, [« ]20D + 79.9° (¢ =0.21,
CH,OH), FAB-MS m/z 311.3 [M + Na]", IR
(KBr)em ™ ':3468( —OH), 1 650( -C=0), 1586
(C =C), UV (CH,OH) A,, 276 nm, H-NMR
(DMSO-d, , 400 MHz)$:2.38(3H, s, H,-7), 6.80
(IH, d, J=2.0 Hz, H4), 7.83(1H, d, J=2.0
Hz, H-5), 5.52(1H, d, J=3.4 Hz, Bifyum i S E
+), 3.47(1H, m, H-2"), 3.59(1H, m, H3"),
3.16(1H, m, H4'), 3.44 (1H, m, H-5"), 3.48
(1IH, d, J=7.3 Hz, H-6'b), 3.57(1H, d, J=7.3
Hz, H-6"a),” C-NMR ( DMSO-d,, 100 MHz) §:
137.4(C-2), 152.5(C-3), 104.8(C-4), 147.3(C-
5), 183.2(C-6), 27.4(C-7), 99.9(C-1"), 71.1
(C2"), 72.9(C-3"), 69.9(C-4"), 74.6 (C-5"),
60.6(C-6"), LI %4l 5 7 2% % -3-0-a-D-H &
PEEBE 1] 20, 8O E a6 5 4 2 h-3-
O-a-D-H &M H .

a7 JToasHRE S (HEE) ,mp 169 ~ 171
C, 5% ¥ T W B, FAB-MS m/z 217.2 [ M +
Na] * ,'"H-NMR(DMSO-d,, 400 MHz)8:12.08 (1H,
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s, —COOH), 9.50(1H, C,-OH), 7.25(1H, d, J =
1.8 Hz, H2), 6.79 (1H, d, J=8.1 Hz, H-5),
7.08(1H, dd, J=1.8, 8.1 Hz, H-6), 7.44(1H,
d, J=15.8 Hz, H-7), 6.36(1H, d, J=15.8 Hz,
H-8), 3.80(3H, s, - OCH,)."” C-NMR ( DMSO-d, ,
100 MHz) §:125.9 (C-1), 115.4 (C-2), 148.9
(C-3),148.9(C4), 115.4(C-5), 122.6(C-6),
143.8 (C-7), 111.0 (C-8), 168.3 (C-9), 55.8
( —OCH,) , LA_&- %4 iz 38 % Bo] 20 iR £ 4l [ 12 ] —
B E G T BT .

&Y 8  IWREEE T (NET) ,mp 211 ~212 C,
FAB-MS m/z 165.4 [M + H] " ,'"H-NMR ( DMSO-d, ,
400 MHz)8:11.08(1H, s, —COOH), 9.03(1H, C,-
OH), 7.47(2H, d, J=8.4 Hz, H2, H-6), 6.81
(2H, d, J=8.4 Hz, H-3, H-5), 7.51(1H, d, J =
15.9 Hz, H-7), 6.29(1H, d, J=15.9 Hz, H-8),
"C-NMR ( DMSO-d,, 100 MHz) §:125.3 (C-1),
130.1(C-2, C-6), 115.6(C-3, C-5), 159.6(C-4),
144.1(C-7), 115.1(C-8), 168.0(C-9) , L) I % ¥
00 R R B R R B [ 13 ] — 2, Wi e S5 8
R R A R

wEW9 HEsRE (AP - EE) , mp
258 ~260 C i T =& W e, 7 T HBEE, IR
(KBr) em':3 389 ( -OH), 1 643( -C =0),
1611, 1514, 1 447 ( - Arom. ) ,'H-NMR ( DMSO-
d,, 400 MHz)§:10.81 (1H, s, C,-OH), 8.31(1H,
s, H2), 7.97 (1H, d, J =8.7 Hz, H-5), 6.93
(1H, dd, J=8.7,2.1 Hz, H6),6.87(1H, d, J =
2.1 Hz, H8), 7.51(2H, d,J=8.7 Hz, H2", 6"),
6.99(2H, d, J=8.7 Hz, H-3', 5'), 3.78(3H, s,
-OCH;) ,”C-NMR (DMSO-d,, 100 MHz)§:153. 1(C-
2), 124.3(C-3), 174.6(C4), 127.3(C-5), 115.6
(C-6), 162.5(C-7), 102.1(C-8), 157.4(C9),
116.6 ( C-10), 123.1 (C-1"), 213.0(C=2", 6"),
113.5(C-3", 5'), 158.9(C-4"), 55.1( - OCH,) ,
DL s S AE R 9 Bcds [ 14 ] — 30, S e b &
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