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Analysis of Chemical Variability on Different Processed Products of Polygonati Rhizoma Produced in

Shaanxi Province Based on Plant Metabolomics

SONG Yijun'?, SUN Jing', GUO Tao’, GAO Yangli', SONG Rui', LU Xuyang', ZHANG Kai' ,ZHANG Qiao'”*,
ZHAO Chongbo'?, SUN Jing"’ (1. College of Pharmacy, Shaanxi University of Chinese Medicine, Xianyang 712046, China;
2. Shaanxi Engineering Technology Research Center of Prepared Slices, Xianyang 712046, China; 3. No. 986 Hospital of PLAAF, Xi'an
710054, China)

ABSTRACT: OBJECTIVE To analyze the difference of chemical components of different processed products of Polygonati Rhizoma
produced in Shaanxi Province. METHODS  Ultra-high performance liquid chromatography coupled with hybrid quadrupole-orbitrap
mass spectrometry (UPLC-Q-Exactive Orbitrap-MS) was developed to determine the chemical components of different processed products
of Polygonati Rhizoma produced in Shaanxi Province. The data was analyzed by principal component analysis (PCA) and orthogonal par-
tial least squares discriminant analysis (OPLS-DA). The structures of chemical markers of different processed products of the plants were
identified based on accurate primary mass spectrometry and secondary mass spectrometry fragment ion, combined with the reference map,
software database searching and related literature. RESULTS A total of 45 components were identified, there were 23 chemical compo-
nents with significant differences distinguished by the method of OPLS-DA, including 13 amino acids, 5 alkaloids, 2 saccharides, 1 cou-
marin, 1 saponin, 1 organic acids. CONCLUSION There are some chemical differences among the three products. This study can pro-
vide material basis for the quality control and pharmacodynamic research of processed products of Polygonati Rhizoma.

KEY WORDS: Polygonati Rhizoma; steamed Polygonati Rhizoma; wine-processed Polygonati Rhizoma; different processed products;

chemical difference; plant metabolomics
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Tab.1 Sample information of Polygonati Rhizoma

No.

Name

Place of origin

Collection or

(in Chinese ) preparation time

S Polygonati Rhizoma(SP) Lueyang Hanzhong Shaanxi 2021. 10
(Bevaad g BH)

S2  Polygonati Rhizoma(SP) Lueyang Hanzhong Shaanxi 2021. 10
(GGl

S3  Polygonati Rhizoma(SP) Lueyang Hanzhong Shaanxi 2021. 10
(BRPGILHIE )

S4  Polygonati Rhizoma( SP) Liuba Hanzhong Shaanxi 2021. 10
(BRParh e )

S5 Polygonati Rhizoma(SP) Liuba Hanzhong Shaanxi 2021. 10
(BRPGIL )

S6  Polygonati Rhizoma(SP) Liuba Hanzhong Shaanxi 2021. 10
(BePa rh e )

S7  Steamed Polygonati Rhizoma Lueyang Hanzhong Shaanxi 2021. 11
(QZP) (Beradrhmg e

S8  Steamed Polygonati Rhizoma Lueyang Hanzhong Shaanxi 2021. 11
(Qzp) (BRPGILFmE )

S9  Steamed Polygonati Rhizoma — Lueyang Hanzhong Shaanxi 2021. 11
(QzP) (Beparhmg i)

S10 Steamed Polygonati Rhizoma  Liuba Hanzhong Shaanxi 2021. 11
(QZP) (BRPGIL )

S11  Steamed Polygonati Rhizoma — Liuba Hanzhong Shaanxi 2021. 11
(Qzp) (BRPGILH )

S12 Steamed Polygonati Rhizoma — Liuba Hanzhong Shaanxi 2021. 11
(QZP) (BRePa e )

S13  Wine-processed Polygonati Lueyang Hanzhong Shaanxi 2021. 11
Rhizoma (JZP) (BRPEDUTIEEH )

814 Wine-processed Polygonati Lueyang Hanzhong Shaanxi 2021. 11
Rhizoma (JZP) (BEPETCHmERH )

S15  Wine-processed Polygonati Lueyang Hanzhong Shaanxi 2021. 11
Rhizoma (JZP) (BEPELmg FE )

S16  Wine-processed Polygonati Liuba Hanzhong Shaanxi 2021. 11
Rhizoma (JZP) (BpEhEg i)

S17 Wine-processed Polygonati Liuba Hanzhong Shaanxi 2021. 11
Rhizoma (JZP) (BRPEDU )

S18  Wine-processed Polygonati Liuba Hanzhong Shaanxi 2021. 11
Rhizoma (JZP) (Berapthegin
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Fig.1 Base peak intensity of different processed products of

Polygonati Rhizoma in Shaanxi ( negative ion)
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Fig.2 Base peak intensity of different processed products of

Polygonati Rhizoma in Shaanxi ( positive ion)
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Tab. 2 Identification of differential components in different processed products of Polygonati Rhizoma
No. English Molecular My ( Ther(:;zfical ) ( A’:li;l ) tR'/ Deviation m/z .
name formula min / x107° (Fragment ion)
value value
Amino acids
1Y Gamma-aminobutyric acid C4HgNO, 103. 062 8 104.070 6 1040712 0.77 5.27 53.003,53.690 4,55.018 7,
56.050 3,56.602 2,57.034 6
202 L-arginine CHNO, 14111 175,119 751191 07 054  53.4983,55.0551,5.050 4,
57.034 3,60.025 8, 60.036 4
3D2)  L-phenylalanine CoHNO, 165.078 4 166. 086 3 166.0863 1.72 0.33 68. 050 3,69.034 2,70.065 8,
79.054 9,80. 050 2,80.949 7
42) L-aminocyclopropane-1-carboxylic acid C4H;NO, 101.047 1 102. 055 120554 0.79 4.52 71.05,56.050 3,60.045 2,
61.028 9,68. 050 2,70.065 9
5D2)  2-Pyrrolidone-5-carboxylic acid CsH;NO; 129. 042 130.0499 9 130.0502 1.4 2.38 53.003 1,55.055,56.050 3,
57.070 7,58.065 6,58.744 9
6! Aminocaproic acid CgH 3NO, 131.0%4 1 114.091 4 1140918 4.6 3.21 53.003 1,53.039 5,54.034 5,
55.018 8,55.054 9,56. 030 2
712)  Proline CsHgNO, 115.062 8 116.070 6 116.071 0.84 3.15 51.091 1,53.039 5,53.856 5,
55.018 5,55.055,55. 301 8
8D2)  [-valine CsH  NO, 117.078 4 118.086 3 118.086 6  0.91 2.6 56.050 3,50.919 2,53.039 5,
54.203 2,55.055,50. 446 2
912)  D-alloisoleucine CgH 3NO, 131.094 1 132.101 9 132.102 1.05 1.06 51.105 2,51.695 2,55.055 2,
53.039 4,54.476 9,53.002 9
103 n-(1-deoxy-1-fructosyl ) leucine (unconfirmed ) CpHxNO;  293.146 9 2. 1547 24147 131 =021 55.018 6,56.050 3,57.034 3,
59.037 4,69.034 5,69.070 7
n» n-(1-deoxy-1-fructosyl ) valine (unconfirmed ) C HyNO;  279.1313 280.139 1 2801391 093 -0.02 55.018 7,55.055 1,59.050 1,
68.050 2,69. 034 3,70.065 9
123 n-(1-deoxy-1-fructosyl ) threonine (unconfirmed ) CHoNOg 281110 5 282.118 3 221183 079 -0.14 56.050 2,57.034 4,69.034 4,
74,060 8 81. 034 2,84 045
13D L-gln CsHigN,O3  146.068 6 147.076 4 147.076 5 0.78 0.53 50.892 4,52.530 7,52. 818,
55.055,56. 050 2,58. 006 4
14D Amfenac CsH;3NO;  255.089 256.09 8 256.0%8 561 -0.16 55.857 8,61.710 4,78.034 5,
81.034 3,83.049 7,94.029 6
159 Succinylproline CoH3NOs 215.078 8 216.086 7 2160867 0.9 0.34 53.039 3,55.018 7,55.055,
56.050 3,57.034 3,57.070 6
1612)  Arginine CeHuN4O, 1741111 173.104 4 173.149  0.75 2.9 58.029 9,58.041 2,59.013 9,
59.880 6,61. 663 3,68.050 5
1792 Tryptophan CHpN,O, 204080 3 203.082 6 203.0831  3.83 2.4 50.658 3,51.843 5,57.034 6,
59.013 9,71.014,72. 009 2
18D n-(1-deoxy-1-fructosyl ) tyrosine CisHyNOg 343126 2 388.124 8 381259  1.76 272 55.019,57.034 7,59.013 9,
61.988 5,66.035 1,71.014
191 Tetrahydrodipicolinate C7HgNO, 171.052 6 216.051 2 216.0518  1.03 2.57 57.0347,59.013 9,69.034 5,
70.029 9,71.013 9,72.009 3
201 Glutamylisoleucine CHyN,05 260,136 7 259.13 259.1302  3.93 0.89 57.034 5,59.013 9,68.014 5,
69.034 7,71.013 8,72.008 9
21D Prolylyphenylalanine CyHigN,O3 2621312 285.120 8 251233 6.49 9.06 55.119 1,57.034 3,57.070 7,
60.902 8,68.9729,71.049 7
23) Beta-D-glucopyranosyl anthranilate (unconfirmed ) Ci3HpNO;  299.1 344.098 6 M08 175 35 55.018 8,57.034 4,59.013 9,
69.034 5,71.014,72. 993
Alkaloids
230 Feruloyltyramine CigHoNO, 3131309 314.138 7 314.1385  6.16 -0.6  51.4171,53.039 3,81.034 1,
57.763 6,70.065 6,77.039 3
243) (E)-n-[2-hydroxy-2-(4-hydroxyphenyl ) ethyl ]-3-(4-hydroxy-  C;gH;gNOs  329.125 8 312.123 312129 543 -0.28 81.0339,80.0392,91.04 9,
3-methoxyphenyl ) prop-2-enamide (unconfirmed ) 95.049 5,107.049 3,117.033 8
253) (E)-n-[ 2-hydroxy-2-(4-hydroxyphenyl ) ethyl ]-3-(4-hydroxy- C;;H;;NO, ~ 299.1152 2821125 221124 5.31 -0.19 55.0551,56.050 3,58.065 9,
phenyl) prop-2-enamide (unconfirmed ) 67.055 1,68.050 2,69.070 7
2612)  Flazine CHpNO,  308.079 2 309. 087 309. 087 6.5 -0.08 55.0187,55.0553,57.9% 1,
62.451 6,67.055 2,69.070 8
273) Casuarine 6-alpha-D-glucoside CyHpsNOy, 3671473 383123 381259  3.77 9.3 55.019,57.034 6,59.013 9,
61.988 5.66.034 9,71 014
281) Betaine CsH NO, 117.078 4 118.086 3 118.086 6  0.81 2.55  56.0504,56.850 1,57.905 4,
58.037,58. 065 9,58.093 2
291 Annocherine B CigHzNO4 3111152 310.108 5 310.109 1 5.57 1.9  56.89,59.013 9,75.617,
93.034 7,107. 050 4,108. 021 9
Flavonoid
303) 3 - (3 ,4-Dihydroxybenzyl ) -7-hydroxy-5-methoxy-4-chromanone  C17H;¢0¢ 316.094 1 317.102 317.102 6.87 0.17  55.018 6,55.055 1,57.861 8,
65.039 5,60. 045 2,59.760 7
313) 5 ,7-Dihydroxy-2-(4-methoxyphenyl ) -3 ,4-dihydro-2h-1- CigH1405 286.083 6 285.076 9 25.0771  7.06 0.98 55.7247,59.013 8,65.003 4,

benzopyran-4-one (unconfirmed )

65.039 9,67.019 1,69.034 8
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£53% 2( continued )

m/z m/z

No. English Molecular My (Theoretical) (Actual) tR'/ Deviation m/z .
name formula min / x107° (Frugment ion)
value value
h Calycosin-7-0-B-D-glucoside CyH» 04 446.120 8 445.114 451151 5% 2.4 55.018 9,57.034 5,71. 014,
63.024 1,65.003 4,59.013 9
330 Diosmetin Ci6H 206 300.062 8 299.056 1 29.056 8 6.88 233 59.0139,63.024 2,65.003 6,
Saccharides 65.734 1,67.375,69.236 1
3412)  Raffinose CigH3046 504. 168 5 539.138 5 539.1381  0.85 -0.58  55.019 1,58.006 2,59.014,
61.955 3,61.988 5,62.020 5
3512)  D-arabinose CsH ;005 150.052 3 149.045 6 149.0459  0.89 232 51.0152,57.034 7,58.017 6,
59.014 2,59. 116 9,61.449 9
361) Gentiotriose CigH3046 504. 168 5 485.1512 485.1519  0.91 .39  55.0189,57.034 6,58.006 1,
59.013 9,69.034 7,71. 014
Organic acids
373 13S-hydroxyoctadecadienoic acid(unconfirmed) CigH305 296.234 6 314.260 314.260 7.37  -0.07  55.018 8,55.055,57.034 3,
57.070 7,58.029 5,60. 045 2
381) Ferulic acid CioH 004 194.057 4 177.054 6 177.054 7 5.43 0.57 53.039 4,55.018 7,55. 055,
69.070 7,67.055,63.024 3
393) Indolelactic acid( unconfirmed) CH;NO;  205.073 3 206. 031 2 2060.0814 3.8 1 55.018 6,69.034 3,74.024 4,
79.054 8,80.949 8,81. 034
4012 Citric acid CeHgO, 192.026 5 191.019 7 19.0202 1 2.45 57.0347,58.029 8,59.013 9,
67.019 1,69.034 9,70.029 9
413 9,10-Dihode (unconfirmed ) CigH304 312295 311.222 8 31.233 869 .63  56.4211,83.0505,58.006 1,
59.013 8,75.506 6,57.034 6
2 3-Hydroxysebacic acid CoH 505 218.114 9 495.244 6 495.2451 5.9 1.01 55.018 9,57.034 6,71. 014,
59.013 9,69.034 5,58.006 1
Saponins
430 Fistuloside C CysHpOy9 916. 466 2 899.463 5 899.4637  5.41 0.2 69.034 2,69.070 6,71. 049 8,
75.044 7,73.065 5,73.029 1
443) Neogitogenin 3-[ glucosyl-(1- >2)-glucosyl-(1- >4)- CysH74049 918.481 9 901.479 2 201.4794 5.8 0.24  67.055,69.034 2,69.070 6,
galactoside ] (unconfirmed ) 73.029 1,73.065 5,79.054 9
Coumarins
45%) Coumaroyl tyramine CHiNO; 2831203 284.128 1 241281 607 -0.2  51.0239,53.0395,55.018 7,

55.054 9,56.216 8,65.039 7

T DA X B A 2 s SRR R B A <) S o R A

Note: ! Confirmed by comparing with reference standards; 2)confirmed by literature search;3) confirmed by database search.
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Fig. 5 OPLS-DA score plot(A) and S-plot(B) of SP and JZP
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Tab.3 Differential metabolite of SP and JZP

No. Metabolite VIP FC P Ton
1 L-arginine 3.52 005 <0.05 +
2 L-phenylalanine 4.6l 0.19  <0.05 +
3 1-Aminocyclopropane-1-carboxylic acid 6.46 0.12 <0.05 +
4 2-Pyrrolidone-5-carboxylic acid 4.21 0.18  <0.05 +
5 Aminocaproic acid 207 032 <0.05 +
6  Proline 243 026 <0.05 +
7 L-valine 3.85 0.15 <0.05 +
8  D-alloisoleucine 5.58 009 <0.05 +
9 n-(1-deoxy-1-fructosyl ) leucine 2.51  5.37 <0.05 +

10 n-(1-deoxy-1-fructosyl ) valine 343 242 <0.05 +

11 n-(1-deoxy-1-fructosyl ) threonine 4.73 17.95 <0.05 +

12 Tryptophan 3.70  0.001 <0.05 -

13 n-(1-deoxy-1-fructosyl ) tyrosine 6.78 521.44  <0.05 -

14 Feruloyltyramine 3.5 0.3 <005 +

15 (E)-n-[ 2-hydroxy-2-( 4-hydroxyphenyl )  4.53  0.13  <0.05 +
ethyl |-3-( 4-hydroxy-3-methoxyphenyl )
prop-2-enamide

16 (E)-n-[ 2-hydroxy-2-( 4-hydroxyphenyl ) 3.63  0.07 <0.05 +
ethyl ]-3-( 4-hydroxyphenyl ) prop-2-

enamide
17 Casuarine 6-a-D-glucoside 5.30 197.47 <0.05 -
18  Coumaroyl tyramine 2.46  0.31 <0.05 +
19 Fistuloside C 2.19  0.004 <005 +
20  Citric acid 5.3 225 <0.05 -
21  Raffinose 284 022 <0.05 -
22 D-arabinose 2.01 0.34  <0.05 -
® SP
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Fig. 6 Scatter plot of PCA analysis of SP and QZP
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(P<0.05) A EM VIP=2 4545 2% F 54
FC =28 <0. 5 1T , 456 O %@ 15 2175
KA 20 4 D 28Rl (3R 5) .

MRS ¢ K55 (P <0.05) ASHAVEE VIP=2 454
2R FC =2 5 <0. 5 FFATIRE , 456 O %8 iy
BSOS 28 BORS AP B0RS 23 > 22 A8 R i or : LK
SR (1, =0.70 min, m/z 175. 119 1), L 5 4%
(ty =1.72 min,m/z 166.086 3 ), L-% 3£ 37 15 5t 52 ik
(1, = 0.79 min, m/z 102.055 4), DL 7 % W&
(tg =1.04 min, m/z 130.050 2 ), 4 % O &
(1, =4 60 min, m/z 114.091 8, Jjfi % /& (1, = 0. 84
min, m/z 116.071 0) , L-%i & R (t; = 0.91 min,
m/z 118.086 6) , D-B 5 2% % W2 (1, = 1.05 min,
m/z132.102 0) ,
(tg =1.31 min,m/z 294. 154 7) , n-(1-deoxy-1-fructo-
syl) valine (z; =0. 93 min,m/z 280. 139 1) ,n-(1-deoxy-
1-fructosyl ) threonine (¢, =0.79 min,m/z 282. 118 3) ,L-
% R (ty = 3.83 min, m/z 203.083 1), N-{f
(tg =1.76 min, m/z 388.125 9 ), [ % Mt B A%
(tg =6.16 min,m/z 314.138 5), (e )-n-[ 2-hydroxy-2-
( 4-hydroxyphenyl ) ethyl ]-3-( 4-hydroxy-3-methoxyphe-
nyl ) prop-2-enamide (¢, =5.43 min, m/z 312.122 9),
(‘e )-n-[ 2-hydroxy-2-( 4-hydroxyphenyl ) ethyl ]-3-( 4-
hydroxyphenyl ) prop-2-enamide (¢, = 5.31 min, m/z
282. 112 5) , il i (1, =6.50 min,m/z 309.087 0) , &
K E-6-a-D-F B (¢ =3.77 min,m/z 388. 125 9) , %}
T S BEEEIE (¢, =6. 07 min,m/z 284. 128 1) ,fistuloside ¢
(tg =5.41 min,m/z 899.463 7) , #715HR (15 =1.00 min,
m/z 191.020 2) AP (1, =0.85 min,m/z 539.138 1),
D-BTRH8E (1, =0.89 min,m/z 149.045 9) ,

3.3 ERNRAMNRERE SN

Nt T i SPLQZP F1 JZP AL o3 12 Ak

R, A 3 AL REA Y 23 Fb fi 35 1 72 S 0 o 2 o)

- 2017 -

n-( 1-deoxy-1-fructosyl ) leucine

Chin Pharm J, 2024 November, Vol. 59 No. 21



A ®sp
8000 = QZP

6000

4000+

/ SP. 5‘(84
2000 s
‘ o

0 { moze 6

maze2

-2000~ maze.1

1.106 29%to[1]

-4000— @2
-6 000

-8 000

-10 000 T T T T T
-60 000 -40000  -20 000 0 20 000 40 000
1*¢[1]

B 7 SP v JZP ty OPLS-DA # & [ (A) 2 S-plot [ (B)
Fig.7 OPLS-DA score plot(A) and S-plot(B) of SP and QZP

R4 SPAJIP th E R R E A
Tab. 4 Differential metabolite of SP and QZP

No. Metabolite VIP FC P lon
1 L-arginine 3.48 0.21 <0.05 +
2 L-phenylalanine 4.39 037 <0.05 +
3 l-aminocyclopropane-1-carboxylic acid 6.46 0.25 <0.05 +
4 2-Pyrrolidone-5-carboxylic acid 4.27  0.28 <0.05 +
5 Aminocaproic acid 2.13 0.39  <0.05 +
6  Proline 2.35 0.41  <0.05 +
7 L-valine 3.87 027 <0.05 +
8  D-alloisoleucine 5.74  0.18 <0.05 +
9 n-(1-deoxy-1-fructosyl) leucine 2.54 4.8  <0.05 +

10 n-(1-deoxy-1-fructosyl ) valine 4.00 265 <0.05 +

11 n-(1-deoxy-1-fructosyl ) threonine 418 1235 <0.05 +

12 Tryptophan 395 003 <0.05 -

13 n-(1-deoxy-1-fructosyl ) tyrosine 5.51 293.86 <0.05 -

14 Feruloyltyramine 372 0.40 <0.05 +

15 (E)-n-[ 2-hydroxy-2-( 4-hydroxyphenyl ) 4.47  0.28  <0.05 +
ethyl ]-3-( 4-hydroxy-3-methoxyphenyl )
prop-2-enamide

16  (E)-n-[ 2-hydroxy-2-( 4-hydroxyphenyl )  3.81  0.12  <0.05 +
ethyl ]-3-( 4-hydroxyphenyl ) prop-2-

enamide
17 Flazine 2.11 165.00 <0.05 +
18  Casuarine 6--D-glucoside 3.78 86.55 <0.05 =
19 Coumaroyl tyramine 2.56 0.36  <0.05 +
20  Fistuloside C 230 0.06 <0.05 +
21 Citric acid 5.81 227 <0.05 -
22 Raffinose 316 0.18 <0.05 -
23 D-arabinose 2.4 041  <0.05 -
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IR BR , M OFF B, L-f2 1%, fistuloside ¢, (e)-n-[ 2-
hydroxy-2-( 4-hydroxyphenyl ) ethyl ]-3-( 4-hydroxy-3-
methoxyphenyl ) prop-2-enamide , ( e ) -n-[ 2-hydroxy-2-
(4-hydroxyphenyl ) ethyl ] -3-(4-hydroxyphenyl ) prop-2-
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Tab.5 Differential metabolite of QZP and JZP

pleorr][1]

-0.51

0.5

No. Metabolite VIP FC P lon
1 L-arginine 3.07 0.25 <0.05 +
2 1-aminocyclopropane-1-carboxylic acid 5.19 0.49 <0.05 +
3 ( E) -n-[ 2-hydroxy-2-(4-hydroxyphenyl ) ethyl ] -3-(4-hydroxy-3-methoxyphenyl ) prop-2-enamide 3.96 0.48 <0.05 +
4 Casuarine 6-a-D-glucoside 8.46 2.28 <0.05 -
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Fig. 10 Differential expression heat map of SP, QZP and JZP

IHZEHIEL T E RER SR 2P AR 2R A BRI
(s LT (R A A ) M BAZL ™ B8
W R B0 ) B T RS S35 1 i ™, 1
TEEORS , R BORTS 28 A SR BURHE . TRl A= 7
AN L) T IRk Z K Ed”, TI
R 25 5k 2004 4 11 J1 55 59 %4 21 )

S—dzZr

Aminocaproic acid
(E)-n-[2-hydroxy-2-(4-hydroxyphenyl)ethyl]-3-(4-hydroxyphenyl)prop-2-enamide
Fistuloside C

Tryptophan

Coumaroyl tyramine

Feruloyltyramine

Raffinose

I-Aminocyclopropane-I-carboxylic acid

1-Arginine

Proline
(E)-n-[2-hydroxy-2-(4-hydroxyphenyl)ethyl]-3—(4—hydroxy—3—methoxyphenyl)prop—2—enamide
casuarine 6- a-D-glucoside

n-(1-deoxy -1- fructosyl)threonine

n-(1-deoxy-1-fructosyl)tyrosine

Phenylalanine

n~(1-deoxy-1-fructosyl)leucine

D-arabinose

Flazine

n-(1-deoxy-1-fructosyl)valine

Citric acid

9-dZr
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For 6 A, W 4 A B 3 4, B
G2 D ELRERT 1D &Rk Zus
AT & FC H 2 B4 4, 15 2 BORSAS [F] A6 1l b
) S 5P 22 Sl o oy 23 A, AR IR W S ) AR
W AR A e e SRR A R AR
RAFERORZEE S . SR BORAE L, T BRI 3 n-(1-
deoxy-1-fructosyl ) leucine, n-( 1-deoxy-1-fructosyl )
valine,, #1 #; &, n-( 1-deoxy-1-fructosyl ) threonine,
n-(1-deoxy-1-fructosyl ) tyrosine, A bk ¥ -6-o-D-5j bl
WG, D-BT LR Y & S0, LAS =R, LR
WRR, L-ZIHNEERIR, D, LR AR, B
2, AR , -5 2R , D-3) 550 & R , L- B 7R , bl
BRME W% 1, (E)-n-[ 2-hydroxy-2-( 4-hydroxyphenyl )
ethyl ]-3-( 4-hydroxy-3-methoxyphenyl ) prop-2-enam-
ide, ( E') -n-[ 2-hydroxy-2-( 4-hydroxyphenyl ) ethyl ] -3-
(4-hydroxyphenyl ) prop-2-enamide , Xf 7 5. [t i i,
fistuloside C,AfAFHE 1Y 2 fE 08020 s 528 BORGAR 1L, 28
HONG FI25 10 75 B9, n- (1-deoxy-1-fructosyl ) leucine , A
JBR B -6-o-D-F BE T, MR , D-P] 3L AF1 B , - (1-de-
oxy-1-fructosyl ) valine, n-( 1-deoxy-1-fructosyl ) threo-
nine , n-( 1-deoxy-1-fructosyl ) tyrosine [t & &34/, L-
KRR, LR NAMR, LB NERIR, D, LR
AR, AAEC TR, AR, L-HAMR, D 75 &R,
AT BT P i , o) LT I Jiz , fistuloside C, L8 2R
(e)-n-[ 2-hydroxy-2-( 4-hydroxyphenyl ) ethyl ]-3-( 4-
hydroxy-3-methoxyphenyl ) prop-2-enamide, (e )-n-[ 2-
hydroxy-2-(4-hydroxyphenyl ) ethyl | -3-( 4-hydroxyphe-
nyl) prop-2-enamide , A9 5 98 A 5 5 2 ORTAH
FE , T BORS I & AR PR 57 -6-o-D-A B 1T, n- (1-deoxy-1-
fructosyl ) leucine, n-( 1-deoxy-1-fructosyl ) threonine,
N-TF, D-BaI i {FORs  ARAFBE 69 & S 4, L-KS R, L-
BERNBRIR, L-RNAR, D, - AR, @
ORI, -5 IR , D-5 552 AR, L- 2 TR,
BT I s e , X Ay SLE I W, (E) -n-[ 2-hydroxy-2-
( 4-hydroxyphenyl ) ethyl ]-3-( 4-hydroxy-3-methoxy-
phenyl ) prop-2-enamide, ( E )-n-[ 2-hydroxy-2-( 4-
hydroxyphenyl ) ethyl ]-3-( 4-hydroxyphenyl ) prop-2-
enamide , n- ( 1-deoxy-1-fructosyl ) valine , ¥4 /&5 fii , fistu-
loside C, FiREIR Y 5 Hti /b

L5 B FTIR AR EORG % BRI SO AL 2 Ry
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