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7 E: B PFARERSMEH EHRH S Maillard R FEY)APUAMETE. Bk L CREZH) 2015 FERRIRER 3 A4
wb PSR BT TR Gkl &V B o SR UV-Vis V&R pH 1H 7 #6 RFR AR 5, GC-MS #5734 Maillard KB4, BA 1,1-
TORHE2-ZIHHEORHE (DPPHD AP PLEALTENE . GER BEIEHIET AR SR SRR A 7E 280 nm WO B IE
B, pH EMAR: 3 NP EREH 16 h 5 2IAAE 280 nm TRIGREAER AR (h &%, §oR Maillard KUSIBAL Z204E
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Comparative analysis of Maillard reaction products and anti-oxidant activity of
dichloromethane extraction from Polygonati Rhizoma after processing

WANG Chun, SONG Zhi-qian, NING Zhang-chi, LIANG Dong-rui, MA Xin-ling, WAN Xiao-ying, LIU Zhen-li
Institute of Basic Theory of Traditional Chinese Medicine, China Academy of Chinese Medical Sciences, Beijing 100700, China

Abstract: Objective To investigate the Maillard reaction products and anti-oxidant activity of dichloromethane extraction from
Polygonati Rhizoma (PR) after processing. Methods Three species of PR were prepared by different processing time according to the
preparation process of Pharmacopoeia of the People's Republic of China. The colour changes of Maillard reaction characteristics
during the processing of PR were detected by UV-Vis; The pH changes were detected by pH detector; GC-MS was used to analyze the
change of Maillard reaction products (MRPs); DPPH radical scavenging activity was used as the evaluation index of anti-oxidant
activity. Results With the increase of processing time, the MRPs and Browning degree increased, the pH value decreased, and the
anti-oxidant activity increased. After processing for 16 h, three species of PR had the same change, showing the characteristics of
Maillard reaction. GC-MS analysis detected multiple characteristic MRPs, including 2,3-dihydro-3,5-dihydroxy-6-methyl-4 H-pyran-
4-one and 5-hydroxymethylfurfural. The DPPH radical scavenging activities of three species of PR were significantly increased after
processing for 16 h. Conclusion During the processing, PR have the characteristic products in Maillard reaction, and with the
extension of processing time, the anti-oxidant activity increases regularly. These provide a basis for the material basic research of PR.
Key words: Polygonati Rhizoma; processing; GC-MS; Maillard reaction; anti-oxidant activity; 2,3-dihydro-3,5-dihydroxy-6-methyl-
4H-pyran-4-one; 5-hydroxymethylfurfural
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MDY, PR FRE M A2 v] B R 4 Maillard J M

Maillard % B2 FEEEMEDFBEEN AW Z
()R A AR S 2, OB FRARH A, &7
A AR G5 R IR N 43 FK 23 () Maillard [N P24
(MRPs) Blo Jz WA B4 B 4K 245 A0 G B0 € A A [6)
1 pH B BRI | AR R IR0 R A UV-vis
oy AT, I 280 nm MR A SRAE A MRFAE R,
K& MRPs [F12E B VAR R FERFAR, Rk pH £
W25 %€ Maillard & N KA B 24565 . GC-MS
A 20T MRPs /Ny 1AL A 10 75 1500,
WHERE, MRPs HAHUEMEN:, @ HLE
ARG MRPs X} 1,1- 4 %-2- =K (DPPH)
H I IERR R, DIRIEI A IS DY,

HAT (T EZ58) 2015 4R 50 R 2k 1
K 2R T I R VE I 58 22 08 2 A N I 24 HI R 5,
R A 2. AR, BOREMmE = ar:, 2E%
by B M 1 B[R] R 01214 R sty I SRS 4 3 A
H1 Maillard MW A)BEAL S HRFAE /N3 MRPs LA
PUAATE L AR B, 8 BRI 5 R A Maillard [,
X IR SL = W) R S A 1 1 B M O AR AR AT
ST, IS SRS RSy, DU R
S TR R YR T A Y AR R
1 XEEHR

Agilent 8453 5 4] W.5r S EE T, 56 H Agilent
AF]; GC-MS-QP2010 B AH-F B, HA L
HEAT]; Rxi-Sms AREBHMEH (30 mX0.25 mm,
0.25 um), 3 [E Restek A ) ; 3520 RUFHEARR LT,
JEE Jenway AF]; FW-80 7 i Jj GERFE R e
ML, RETRYRHMEARA R TCQ-250 #8775 I
HBERS, JbREIT & ) CP225D TR,
220 g/0.01 mg, ##[F Sartorius A F; HAIKRY,
Z£[E Thermo Scientific 2\ 7] .

Cs~Cao IEMSEIEIRE ARiE M I H 2 E Sigma
A, T 1443129 AW B AL RIERE SRR
AIRAF]; S Wb, irdi. @M, RED
W, HEMEEZN) T, 2010.11.20 A7 1,1- %K
Fe2- =AM (DPPH), Z[H Sigma A#]; B85
BAMH K (S 140706-200702, i & 5> ¥y
98.9%) Xf I S & EllE . W E A2
Rtk s HARFII e, 3 AR
5 5 350 R [ 5 M 48 5 VG P AT AR T 1 YR N YA
B, Au R RFE R A R AR RIS E,
AN E G RHEYIE F R Polygonatum  kingiaum

Coll. et Hemsl.. #¥% P sibiricum Red. F1Z LK
P. cyrtonema Hua [JFRZE, W1

2 FEEHR

2.1 JEH S

FORERR 22440, Vi, i, VIR A (2~4 mm),
HEFE 50 CIR XTI, HIfS.

WEORE I R BRSO, NIl (100 kg B8
I 20 kgD, #£5, ALK EBBL, BHiE
HARN, BAIH, Al e A R e, F
e, HI4,

22 HiIX@EARNEE

AR G eo Hif) £411.0 g, k%%
FroE, B REHEM S, RBE A& HF HE 100 mL,
FREFE, 30 CLL @A (D)3 250 W, His
30 kHz) 30 min, 4, FFCGERE, HIEH
ANEWCR TR, A, JE, BRI & A .
PR & T AT 75 22, & U BIR A
2.3 EIM-AT SR SEENIE
230 BRSO R BE M AN R B TR AARAE D2
TEHORE R TN G, KA [ M B ] BRGS0 Joe
253 PR ER A NIRRT 1S AR A EA T I 9T o B A VA
PUAFINZ A, EAMX 200~400 nm $13, ok
RS 280 nm ARG IE (Aaso) AR W 1.
SEREIR, IR E R 5 Aaso B LI [R]
(1) S T 4
232 A[FESFERE A AR A A5 R )
IF[A] Ay 12~24 W24 PR (25 80) 2015 4F
FRSCER 3 AN S AETORE . TR S 22 16 TEORS J 1 AH )
BFE (16 h), 13 EIA R SFE RO, e & H b
Iy Asgo, RN 2. R TR, (FPEZH) 2015
SERRUSER I 3 A AP RS M H] 16 h J5, Aaso AR

R1 ZHEERHEBEERE A BEESHIFRER N
Table 1 As0 changes of Polygonati Rhizoma (PR) and

processed PR with processing time

T i A2s0 53
i 0.230
TR 4 h 0.252 1.1
Wk 8 h 0.310 1.3
WPk 16 h 0.626 2.7
WEHS 24 h 1.060 4.6
Wk 32h 2.841 12.4

5 =4 wn/A s, TIH

Fold = Aprocessed PrR/ApR, SaMe as below
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#2 AESRMERBEHIRIE A0 T
Table 2 A2 changes before and after processing of

different varieties of PR

®3 IN@MEERE 16 VERE _SPRESD pH EEL
Table 3 Changes of pH values of three species of PR and its

processed products

s e Aaso =2 il e N pH i A
TR TG 0.074 1.6 RS i 3.90 -0.17
kG 0.121 T 35k 3.73
HORG Ei 0.136 15.7 HHE HO 3.96 -0.21
kG 2.136 T 35k 3.75
ZILH G BORG 0.230 2.7 Z TN iy 4.12 -1.02
kG 0.626 T 35k 3.10
W, R Maillard FRAEE, &GHBIMIEE  gon ot

A RIETHEERS . SR Z IR,
il 16 h 152 B B AS Aaso 73 AR M 1.64 15.7,
2.7 % W R M F B A — B R
2.4 pH{EZTK
241 EREMHIASFER ) & R4 5 pH (EA2 L
SR FH R P2 V10 52 A [R) Mt ) ) 2 AR B0RE — S e
7y pH1H, FEHiE +£0.01, 450 WIK 1. BEE RSN
IR, ZAEHR & s> pH HE KR
fash, HAEMP) 4.66, FFZE 16 h FHHRKK 3.43, B
JE AN
2.4.2 AN [A] i RSORS00 AR TR ) 5 — SR b 4
gy pH HAZM  DORIE TR . S0 K200k
(IRE S ORI FERT B, XX 3 A i RS e i A ) B
) (16 h) W BERE S F b2 20 1 pH (E kAT 1
WFt. X3 W, 3 AmAr RS 16 h 15 2] 1%
Wk, ARG pH ES A4 ELEHED 2 IR I
AL HEMPARTEE AR, ZIHRE R
MRIE R, WoR SR AR 22 5
2.5 GC-MS EShERE /NS F MRPs
2.5.1 GC-MS il &4+

(1) SAtiELF: Restek Rxi-5ms 4395 E 4

5.01

A

4.0

pH H

3.04

0 4 8 16 24 32
LB ) /h
E1 ZHEETEHESINEERE _SRRESH pH E
T
Fig. 1 Changes of pH values of three species of PR with

different processing time

EFE (30 mX0.25 mm, 025 um); HERECTREE N
220 C; BEF R : EIRIRE N 41 C, LA 10 C/min
J+E 160 C, f£¥ 1 min, Ll 5 C/min F+&E
250 C, fRE 2min, FLL8 C/min F+% 300 C,
IR 8 mins HHFEERAN 4 pl, 2N 1120, #
KRAA

(2) Figsfr: a8 B, B FIRIRE
200 'C, FEITEE N 220 C, HTHEE 70 eV, H
R 1760 V, JFIRFHVEE m/iz 45~550. #% 1
RS B v 2% A R A, TR S TR,
LK 2.
252 GC-MS 7t X &1 B i & U 22 i
R RS AN KRR, S Fig L
WERR ARG (IS EIEE NISTOS.LIB. NISTOSs.
LIB. NIST08.LIB. NIST08s.LIB 1 Wiley9.LIB) 1Y
THECECE KT 80% M 4R, F &% Ci~
Cao IEA BRI TR & Fm fE  7E I S50 25 41 1 B DR B 4
¥ (retention index, RI) 31, FUETRIAA IS —1b i1t
SRR it R 2 EH 23 SRR T B i, AT S TR A

""\ L HORS
\-\\-‘-‘—*i_/l\-—;_rg;lng‘u S M,)JJ;,J.L—‘—’”/—‘_}W
kG
\
\L‘I‘h—aud—ax_A __1_JL;.J‘ e "’/__.J_—
5 15 25 35 45

t/min

El2 HEBREENE GC-MS 2ETFRE
Fig. 2 GC-MS total ion chromatogram of PR and

processed PR
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N[5 L ) o T P9 350 P () A2 1l 20 DA R 54 2 B A3
X R . MEEAS S 4. 8. 164 24, 32h g
K, 2 a%E 15, 17, 184 184 25, 22 MLA
Y. XAV, BRI BRk. bk,
BEE . WSS AVAIR S . B S5 N [R) M i e ) 7 5

RS 12 MU B, 5 ANASE M s 18] 34
T 1S AMUEY (R4, Hrh4, 8. 16,
24, 32 hlERE T HE 5. 64 64 13 10 4~ k¥R
FS 73 S B M R B ) (AR A AT oy 3 2 BB 1
S RS i A L R B T ) i B S I s S 4k

R4 B EE E)E R A AR 9 R AR R E 3
Table 4 New products and its relative percentages of PR at different processing time

- - . FRR 5 73 250/ %

g 4h 8h 16 h 24h 32h
1 5-H3E-2(5 H)- PR 948 — — — — 0.19 —
2 ECR 987 — — — — 0.19  15.58
3 325 A -2(3H)- PRI R 1002 — — — — 0.10 4.20
4 W MR 55 5 R 1099 — — — — 0.74 —
5 pRUS T 1 100 — — — — — 0.24
6 3-FR 3T 2 F R IR 1105 — — — — 0.31 —
7 3,5- 5 Hk-6-F3E-2,3- A -4 H-IH I -4- T 1159 — — 1.54 3.32 3.98 1.54
8 4-F2 5L T -2(3H)-PRIFE R 1166 — — — — 0.29 0.37
9 5-(F& ) —A-2(3H)- K T i 1200 — — — — 0.24 —
10 5-3% H B 1240 — 088 175 1317 2332 2539
11 4-HIHE2,6- RUT R 1531 — 234 3.6 1.77 1.29 131
12 LHEAR IR — R 2003 — 0.80 1.17 1.00 1.07 0.74
13 LHE IR 2166 — 222 417 3.04 3.46 2.76
14 2-4 O Ol 2378 — 1.08  2.48 1.72 0.12 —
15 O (2- 2.5 O L) 2378 — — — — — 1.50
— A

—-not detected

HUE 4, GFIECR. - A2 H)-HH
Pl 4-F2 5 T E-2(3H)-WR g A AN 55 F A s 26
2 KTt mE FREY N 3,5- R 5E-6-H
H$-2,3- A -AH-ME I -4-TF . 4-F L -2,6- T K
Wyn 2- 2, 3 O HEIR CUlE; 26 3 X RIEARAR
th, RFHEARZE HEREE. R WIHBRERA 2- 2.3
CIEE R Ul
2.6 FHEMEHIRIE SR REASIENEETK
S CHRTIENS, SR JE/K . EERCH] DPPH 0.1
mmol/L ¥, BT, BUEE MM 2 mL
IO B ZERE S, I\ DPPH iR 2 mL, $£2, %
A 30 min 5, DL 80%LBERM N H, 1E 517
nm Kb E KB (4205 BUEERAIAT 2 mL 0
NEZERE d, IO 80% L BEIEW 2 mL, $E2), %
MITCE 30 min J&, W€ HBOGEE (4o): L 80% L
B2y 2 mL IO B ZE R H, A DPPH i 2
mL, $24), ZPHCE 30 min J5, W5E HROGEE (40);

PRI BR R =1 — (42— Ao)/ Ay THEITERR R, i R
K, PrEafbRe iasg .

FFEZG R EWRE (40 mg/mL) I IEERS &
AN [E A I () )T SRS DPPH [ HH JRI5 B Ze 45
(K13 R, BEEMRSIERRER, & EEH s
DPPH H HZiERAR 2B ER, FRIGRERN
33.31%, MHIE 16 h B2 & &N 67.21%, BEEM

#24h f 32 hE&THRE.

70
© 60
@m
40

30 4 T T T T T T

0 10 20 30

K 1/

3 DPPH BHEBRREMEEHIFEE LRSS E
Fig. 3 Trend graph of DPPH free radical scavenging rate

with processing time
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ANF] T BRI FE I 22 AR TR S H: 16 hiPg s ks 1 —
A e sy DPPH H HETERFLER (R 5) IR,
RS S 24> DPPH 375 [ R b AF 24 8 39
T3 s 350K DPPH UM iR B (1Cs0) 1H o 64.24
mg/mL, 75 16 h J5°4 23.41 mg/mL. ICso {H &
i, PrEfBE TR, W B SR P A Re 1o
THH .

FHIA) A 25 R (40 mg/mL) FIAS ] 5 b 3
KM 16 h J5IE KRS, DPPH H LSRR (%
6) on, ZMHE, HEIEK DPPH H HIEERKRZE
M 18.89%ME N ZE 49.20% (P<<0.05), ¥ k5 M\ 36.89%
N 68.58% (P<<0.05), ZALENEM 33.21%H
HZE 66.16% (P<<0.05), 3 NFhRhEERS I — 5
24y DPPH H HAEIF R 235 0 38

*®5 TRIREZSHRKAESH DPPH BHREFRZE R ICs
Table 5 DPPH radical scavenging rate and ICso of different

concentrations of dichloromethane components

FE i p/(mg-mL™) TEB#E/%  1Cso/(mgmL")

Eiy 40.74 18.47 64.24
54.32 29.20
67.90 58.92

iy 16.32 37.11 23.41
27.20 56.90
40.79 65.91
48.95 75.71

& 6 TREIMMEAHIEHEEE DPPH BHEBFRET K
(xts,n=3)

Table 6 Changes of DPPH free radical scavenging rate
before and after processing of different species of PR

(Xxxts,n=3)

5 HRE Y%
iy kG
VTN 18.8940.94 49.20+2.40"
HORG 36.89+1.08 68.58+1.42"
EZIN ¥ 33.21%1.01 66.16+1.81"

HEMERTE: "P<0.05

*P < 0.05 vs same kind of PR
3 iR
3.1 Maillard & SZER U FHFE S

Maillard s B H ] =10 1) 46 A MRFAE IR ISR K2

280 nm 5% 294 nm® 17, ARPE KR R, IEH
B RSB A 280 nm A BE0Ks P S80AS PR A 95
Koo BORS RGP BORE I — S H Be 2 20 72 280 nm JEK

TNHPEAMNBOELE R BTN, EAEEMHS Aaso BN,
H B H S ] RE R, Aago SIBIGHIET . R
R LI A2 A Maillard S B A (8] =436 0 o TECBERE
PRGN ZAEHRE 3 AT Pl R M A R BT R) Aas0 43
WA 1.64 157, 2.7 1%, S nAFRIZEGFLRE,
ATREE 3 AMEFRER L ER Y E R AL, B
MRPs 5 [ P e B LR OB 2% A 55 25 VA
9%[18]0

AR5 LL DPPH H HEE R N Tabr, HEH
K R e R 3 TR 4 R IR 5 e R SRR R A
Maillard /SR EFA] JEE  W146 pH (E AN 2L 5 5k
YRR, 2RHERIRS 2 Fh s 23
TR R N 20T, [FE, SRS 280
nm KK 4 [HZEWER 75 MRPs A%, ]
A5 B b A B 7R AR AR AR AR O, I8
TR T E -

1 AT P B AIG /2 Maillard 5B FRHRAERO), 3
S AR R S A S pH EI E 45 R EoR,
BRI S pH (E PR, LG M i s R) F e K T
R Maillard BT FEH pH K, ZH
TG R B (] - U A 0 B R AN B b
R BB FRIE AT A0 A, 1507 5 I R S A
H A R pH AEA W T RERY, I8 B R BRI BT,
pH {E B Iz, PRy B =28 7 il
BFEEIER. CBERNIR. WNERRER, Fik,
HOREAEMIH] 16 h 5 Maillard 2 B35 5B .

3.2 8%/ MRPs 734

TR R BRI AR EUN T MRPs [
7o Maillard & NARE 2%, AT = LE A [F]FH2K ) MRPs,
ARG B R Amadori 165401231, a] B BE ARk
MRS THEMG 2R L MBI | I 2k mikme SRS L A Y,
KPP REARRRDL, SRR, FREHIREE
B e, A Z BIAELE R PTE R, AT,
F Ry B R A T AR . B MRPs S5 I RS>
A 3-F 5 A2 H)- MR . 4-52 5 T A -2(3H)- Bk
W . S-FR PR BLBERE . 3,5- R dk-6-FIE2 3- A -
AH-MEIR-4-1F . J5 2 AN ECo /2 Maillard O AR 514
/s P (0 = WOl Tl = TR SR el S ol
ASERAPR0, 5-F FH LRSI 16, 24, 32 h RS
o e R By o RN FEIAE BEORG B T R o R D
WHIR L, ETFIRANET .

3.3 1EHIEMENEETL
W A K 2 8 MRPs #5E2A fi 8 AL iE P,
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Mkl DPPH H HHIE G BRIE DL, 7T EAPPARAE il 1
PrEATENE, ERFEOR, DU E k. 4R
TR, B MESI E e, 2T & b
4> DPPH H HE7ERRF 2HEES, 2 16 h 1A%k
R E BT PR

ZACTRE I 16 h TSI & hedl o
DPPH ICso W B7R, FEAGHEHIE 1Cs fEFFME, T
AAiETEE R 3 NP ER SRR, &
KeZH 3 DPPH H HIEERR R A BE 9% . Maillard
SN H PR A R — e N R R T B DU
£, Eiserich &P — & H 32 UV IR 5
HIEIBER MRPs W, A 3 R o #840 A Bra e e,
B EME R 2R A ) . Maillard R
A BB R PR, L G e AR I P AT 2 B HY
TR PR PE R0,

gi b, BERE R IR ER I R kA T
Maillard [, (AR &G REMER MRPs
2,3-&-3,5- T dk-6- H k-4 H- ML IR -4- i . 5-F2 H
FERRIE S WA MR A R, T R PR
PEXESR, 2 16 h B BEmbfEBTiRE. e
55 1P RS JoT B A ) S R ) T 2R 2%
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