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H E B ATREAFRES(Q-marker) ko Fedt BAL T AR AH ik 3 CR R G RAZ B 0T, FELZMALA GEFERE
g, FiE R BARAEE-A L KA ER N 2 (HPLC-ELSD) % ) B il & 7R ] 75 i ] 2k &8 X ¥ 6 #F Q-marker #% 2 (1- 7
RENE ATHE - Rekvh A TS RR 4B RR W RRAME)GE T, R LI T I 5 B A S R BUR TR 4
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10 e g A 2 5] i 8] ) -0 3 @K R F 64 Q-marker 5098 F , A 1 3 WK RN 09 HPLC-ELSD # 4 3% . &R H Tk
R A # A4 3~5 haf, 6 Q-marker 44 F48 & B AR S had, LAk 1,1-= 3R K-2- = A A XA b & 2, 2-BA-=(3-T &K
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Study on steaming time and characteristic quality standard of salt-steaming Morinda officinalis based on Q-
marker and anti-oxidative activities

LIU Mengyun"*, CHE Xiaoying®, LIU Qiuyi*, QIN Yiran®, DING Ping’(1. School of Pharmacy, Henan University
of Chinese Medicine, Zhengzhou 450046, China; 2. College of TCM, Guangzhou University of Chinese
Medicine, Guangzhou 510006, China)

ABSTRACT OBJECTIVE To comprehensively screen the optimal steaming time of salt-steaming Morinda officinalis (SSMO)
based on Q-markers and anti-oxidative activities, and to establish characteristic quality standard of the decoction pieces.
METHODS The contents of six Q-markers (1-kestose, nystose, 1"-fructofuranosylnystose, inulotriose, inulotetraose and
inulopentaose) in SSMO at different steaming time were determined by HPLC-ELSD method simultaneously. The activity of sample
extracts to scavenge 4 kinds of oxidative free radical and their iron reduction abilities were determined by visible UV
spectrophotometer. The optimal steaming time of SSMO was screened by gray relevance degree and entropy weight technique for
order preference by similarity to an ideal solution (TOPSIS)-fusion model method. The contents of six Q-markers in 10 batches of
SSMO prepared at the optimal steaming time were determined. HPLC-ELSD fingerprints of SSMO decoction pieces were
established. RESULTS The results showed that the contents of six Q-markers were the highest when SSMO was steamed for 3-5 h;
and the ability of scavenging DPPH:, ABTS-, PTIO*, -OH and iron reduction ability was the best at 5 h. There were 20 common
peaks in the fingerprints for 10 batches of samples, and the similarities were higher than 0.990. A total of 9 chromatographic peaks
were identified, which were D-fructose (peak 1), D(+)-glucose (peak 2), sucrose (peak 3), 1-kestose (peak 4), nystose (peak
5), I*-fructofuranosylnystose (peak 6), inulotriose (peak X2), inulotetraose (peak X3) and inulopentaose (peak X4). Average
contents of six Q-markers were 4.17%, 5.54%, 6.60%, 2.89%, 2.62% and 2.13%, respectively. CONCLUSIONS The optimal
steaming time of SSMO is 5 h; the contents of six Q-markers are primarily determined on the basis of dry product, which are no
less than 3.03%, 4.11%, 4.87%, 2.15%, 1.96% and 1.58%, respectively. The ratio of Inulin-/Inulo oligosaccharides content is no
more than 2.5.
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I e G 2 A A il ot Hor SERESE 04l A B A
My O RTCEE S — M SRR M, HL 5 “FMNE R 2%
YIAOG, B B R M ) F LA R 2 —", LR
TEIG IR 2 20 i) I A 25, Q0 B i O 28 8 7K Pel i | 2% 4l il
ARG, S A S BEE Y. 2020 45 /R
(T 247 3 ) (3508 ) WAT 28 1 B ik DR il A R L B K
sk P AN B K (HIR R Z ISR R A2 . HAETHE
N A T B R B B 9 22 4 v A R R TITJS A2 B 1Y
Ch AR BN R D L B AR AT AT 5 BAT AR
AR E] T 2S8R G — 28 HIB MR 2 s 48
P H— H 5 25RO PR RS [l R, i b 2 T i s
Yy (Q-marker) 18 & 1 2 th oA fi e LA b Il 4SBT 7
1R P SR TR O 7 W i 1D e O Aoy W e X i
TSR, A i 3 A oA A R A A RGBT Y Q-
marker®™, X FE:H1 25 Q-marker ST R BE -5 Hh 25 M 1
INTE5G T BERT LA IR b 24 060 il AR € 104 0 6 PPN 37 S
B KA T o8 AR T 25 R R ) BT AR

A TR T HA X Bl R ] i Ak i o A T E Y
& B, LR 2830 5 5 B I A B T — R AN
“REN S —X1.X2 . X3 IR AR S
BEUEAR Y X2 R =) (X3 CRAEIUHE) Fl X4 (SRR
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WE”) , AR5 VR 250 v S5 ) 1R O i SoH
17 SR M SR T S 55 58 D A B S (AT Inulin A 28
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YIAROE , ATAE 3k e R %) Q-marker” s ARAF 5T 7E I
9T B3R FUSE T 6 Fh Q-marker B 737 1 FIPL A AL
H G PR SE , 275 0 3 1 £ T3 Ok i e A2 il et
(8] 5 [R]F X AS [] 41t vk £ B2 3% K b 6 FF Q-marker 58073 4 7%
TN AE , FE ST PR KRR A B = RO AR (1 - 2R &
S a6 I %5 (HPLC-ELSD) 48 833 , LAY Ay 56 B 5k
KRR Ja s AnifE r il g S iRl 222

1 ##
1.1 FENE

Hitachi Primaide %! HPLC 1% (£ 45 1110 DY T 46 i
%1210 H shibregs 1310648 I A HAS H 7 =l
AN ] 5 UMB800 1 ELSD g [ 1 Vi3 343 #r 4 AR A B
3 ) 5 Sartorius %Y HL 43 M1 K F- . XR205 SM-DR AU HL 1
I BT R CRS B 43531124 0.01,0.1 mg) 4 H i -1 Precisa 2
] ; DFT-200 7 /55 3 7 BE Ry AL (4% 3 25 000 t/min) I [
TR TR KA A B2 7] 5 CQ-200 7 75 I8 V5 Pk 4 1
bV P B R A R 7] 5 T56CRT A48 4h-1] UL 4y
ORI B R R AL A BR A F] s DK-S26 5
AV RK VA S I TR AR YR B B A A BR A F o
1.2 4%t

L1 HEA TR R 9 A R 254 R EE A T R AN W)
L RR KA I b, AR B LR 1, BRI 2y

TEZG 2023455 34 555 9

K22 T F0T9E 51 % , B it Rt L R m A )
ELER M. officinalis How PR . FESAEILT T MM Es 2y
KGR AM =

*x1 BEXHGMREER
] R P4
80 20210422 [ RASIT & FAT A

81 2021-05-01 IR R R S
82 20210502 I AR L R KR

83 20210621 IR PR YNl

s 2021-04-3 IR IR )

) 20210503 [ REERT B AR T
86 2021-06-12 R

§7 2021:05-12 P HRBERAEK I A RN
88 2021:05-13 [ IRE KTl L R AU
89 2021-04-20 IR R )

810 2021-04-19 [RCE IR CAR)

1.3 XE&E5IKF

D- S B 5 (165 SS0905GA14) D (+)- TGk #i
ZjWE T R G (it 5 SA0418GA14) | 0 XT HR fh (Hit &
S02S6G1) | 1-JEAE = Hit BE 5 (L5 AWG0714) (it b
X} B (FE5 Z1TA9H59088 ) | 1SR Mt b J i Sp b ol
i (HE 5 S09A8DA41431) | 1, 1- 2 Kt -2- = i 5 2 JpF
(DPPH) .2, 2-B (- — (3-Z FE R I MEMR-6-Rif iR ) — 444k
(ABTS) \2-#3-4,4,5, 5-PU F FE bk op -3- 42040 - 1- 41,
(PTIO) .2,4,6-—NkHEd = (TPTZ) JKEIRHIE A
TR A R A B A w], Herbowt B8 S 44 1928 98.0% 5
BRLBL ek B (45 20210719, 46 97.35% ) R 5L Py
WX R (F1E 5 20210804, 41 B 99.20% ) 15 5 T p wof
I 5 (HE 5 20210721, 41 BF 98.53% ) ¥4 Jy A 52 56 =5
il s AR A R o BT al sl m RS AR R B FOK
2 HEEHER
2.1 AEZEFIAEEEBHRERNOTE

A kR (45 S0) 2L 9 4y, B:45 100 g, A 3%
BEK 70 mL, [o)id 4 h, B EERKBEWRY, FF2ibtig.o
J& o3 TN R th 251 0,0.5.1.2.3.4.5.6.7 h, I
B, 50 °Cge R, 1 50 H i, B4 .
2.2 AEZE I B E B X & 6 # Q-marker B0 HIS
EE
2.2.1 HiiJ7e: R HPLC-ELSD #4752 | (0.3
55 CHR[10], 45 18 2020 4F Rz ¢ rr [ 25 i) ()
i 9101 43 B 7 2% B e 48 3 JEU AN SCHR [ 1013647 )5
SR ARSI A R
2.2.2 WWWEEIE  (DIRAXT IR S W0 &l 4 5
Fa B PR D-A0 D (+)-JC/K F A0 TR | 112 =0
T A 1" SRk IR S I SR AR =R | SR SR OO AR
A IR IS i, B TR — 10 mLAR A BT, &%
GEI N 60% N 1 ik 25 220 B, ) s 0 o VA R 0 1) Oy
1.486 mg/mL .0.750 mg/mL .1.220 mg/mL .0.610 mg/mL .
1.508 mg/mL,1.599 mg/mL.595.78 pg/mL.702.34 pg/mL
653.25 pg/mL AR X B S U o (2) B ot V5 VR 1 )
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2.2.3  N[R)ZE ] Bsf ] £ 0wk K A 6 FF Q-marker 5% 5 1)
T eSS RIEZE B R R B R ORAE 6 R Q-
marker i 73 19 & AR AL WP 1 s o £ B sk K AE 28 1l
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5~6 h B i (5 5 1- TSR =0 T SIoA | 17~ S ok R b i T
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ErrRrEass, XRME—E MRS T BEE 22 HIn
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Wik e Ay JEEHE Y Inulin BYZEREEY Inulo BUZEHE , SR )5 2 Mk
R ZERE T BERIRRAR o S ol A /N TR AR Y
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2.3 AREIZEFIA AL B RAEMLELFENE
2.3.1 DPPH [ ARG eI 2.2.2" 00 F Jrik
O3 SV 45 A [v) 2 AR ] 6 5 R AR ot VT AR A
G2 B R I TR R B XY 4 ) 2.5.5.10,
12,20 .40 mg/mL) , 27 SCHK [ 11177 15 D05 #F 5 RO 1
(A FX BRI W WG (4o) , #5153 DPPH A i
KLU bR % . DPPH H H 205 bR %6 (% ) = (4o—A4:)/A0 X
1009%., % GraphPad Prism 4 {4 70 AL & 1) 4 K0 B
WP (ICs) , TEWLER 20 A5 IR, LR AEZE I 1 hi,
H% 5 DPPH A ALY BE ) et o
*2 HEHXBFHREZEUBEAEMICMEKITFEEE
HLHEENELER (x+s,n=3)

L Cs/(mg/iL) FRAP 5§/
A ,

DPPHFMAE  PTIOFME  ABTSAME  RHEAmHE (umoL/g)
0 11439£0006  210304£7301 953310015 1659140020 63530382
05 296240007 216597529329 463410026 177624009 5.692+0.125
I 250340019 639903£0577 335340021 1905340092 14266+0.072
2 1095240055 46932£0966  3450+0.006 1788940075 145180072
3 1274040000 3414420347 2829+0007 1756440007 14403£0.072
4 1003950071 23630£0.130 482240040 1776240085 18311£0.000
5 040057 IS878£0.047 40330020 1697310067  20228+0.072
6 652810050 3LOTIE0091  3330+0011 1859740005 1935240072
7 S9S8E0.040 242140132 27420008 192910130  21770£0072

2.3.2 PTIO H M AIERRRIE ZIE“2.22" T Jyik
G S0 28 A ) 2% o s ) e T il SR PR ARt Vs AR (R i T o
gk R B AR S A B R Y 43 5 510,15,
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20.25.,30.40 mg/mL) , 2% SCHk[11] 75 200 2 A dh ot
JE (A) FIXF BRI (Ao) , #7 BE LL R AR5 PTIO
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100%. % GraphPad Prism {4 U EE 5 (9 1Cs , 1 WL
#2, G NN, EERAEZEN 2 h 5, HIERR PTIO A
SR 1R

2.3.3  ABTS HHEEIRRNME & IR“2.2.2" W0k
591 ) 8 A ) 28 o FsF 0] 5 £ 8 DR ) AR it VA VR (R B T 52 56
SR W E A I BT EE S 2 O 1.2.4.6.8
10,15.,20 mg/mL) , 225 SCHR[11] 07 2% 00 5 B 5 1 IO
JE (A) TR IR RO (4,) 42 IR LA F A3 ABTS
H HFTEBR % ABTS [ HFLIEBR R (%) = (4o—A4)/4,X
100%. % H GraphPad Prism {4 Uil AL 5 (14 1Cs , 3 UL
2, SRR, MEIRAEZN 0.5 h5, HiER ABTS A
LAY RE T 50 T4 A, ELAEZE ] 7 h i S bR ABTS H
P FE 4 BE ) ot

234 REABRAERRNE R 222758 ik
3 )] 8 AN [v) 2% T ) 8 O P it Vs Y AR 9 5
B2 AL 1R R RE S Y O VR R 1 43 Ok 3.33..6.67
13.33.20.00,26.67,33.33 mg/mL) 4% 2.4 mL, 2 % Rk
(12175 AU A AR R B350 00 22 A o I Y6 (4)
X BRI WG (4o) , F5 BB LR AR I A 3k
B 1R BT BR R (%) = (40— A) /40X 100% ., F
FH GraphPad Prism FAF SR 5l Y 1Cs, FE L 2., 4551
R, BRI ZE R T BRI IE At A RE 1855, X
HZE 5 29 AR AR T AL B b .

2.3.5 AR EATEALRE I E L e IRC2.2.27 T
T3 5 AN ) 22 Tl B[] e EEL Sl DR VS VAR, S o o
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{kBE 1 (FRAP) TAEW 1 1.8 mL/K, /MR & . T37°C
TH KIS 30 min J5 , PSS AR-1] 0L 20 6B 1T 7F 593 nm
DA Kb R RE SR G RE (A) o BROMARE T EE A SL8 3 UK,
BOFI{E . L FeSO,« TH.O A by i 4 5 22 i b ofie il 2k
(R TS B 45 5 8 B B o %) S i VR B 2 40 1oy
100.,200,300,400,500,600,800 wmol/L) , LAWY FE Ay
YARBR(Y) JEEIR VR B AR AR b (X)) £ B A Hh 42 7 AN
Y=0.000 4X+0.124 5(R2=0.999 5) , ¥£ 5k HIERA IR BE 11
X FRAP 45l /8 : FRAP M LA oo T RES 7
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EL R ZEH] 1 h s, HoXT Fe™ iR JELRE J1 2 i i

24 HEHRXMREZEGIEE

2.4.1 LA 6 F Q-marker 43 75 1 A 5 A i 8 £ EL R R
B AR ZE I ) DL 6 Fh Q-marker J§.2> & A5 bR, F
FHR A IR S AGE I BEAR A HET (technique for order
preference by similarity to an ideal solution, TOPSIS ) - fill
A IS TR 0 T R K 1Y) B AR 7% o B ) R A T ) O 4
F R ZAGE T AR I, R VR R R 1R =
[ A R SRR e ST BaUTE e S Sl e i S UL B S
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0.133, ML BEHER FI 34710 730 2% 1 3 h 25l 4 h 78

il 5 h, PRI 3, LaRZE L s RAE &M 3~5h

i, 6 Fl Q-marker 5319 1% fit fe i o

*3 ET 67 Q-markers {0 S =FMEIMTENSZLE
ZRFENE B R FERFIAE

I FET 64 Q-markers U it EFRIMT AL RER

S b - = - -
: E ¥ #r E E y 7

0 0.798 0.891 0472 9 0.630 0.891 0414 9

05 0.905 0.634 0.588 8 0.738 0.611 0.547 7

1 0.861 0.544 0.613 5 0.663 0919 0419 8

2 0.855 0.529 0.618 4 0.854 0.503 0.630 5

3 0978 0.548 0.641 1 0.897 0.547 0.621 6

4 0.946 0.566 0.626 2 0.860 0483 0.640 4

5 0.989 0.599 0.623 3 0950 0392 0.708 1

6 0.963 0.657 0.594 7 0923 0420 0.687 2

7 0.865 0.567 0.604 6 1.000 0464 0.683 3

E* A VFE b7 5 1 B AR (KK FCREBS s E P45 b 15 17
TR EIRRECEBS sy« B 5 E ~ B AE TR A A B F 0T B

2.4.2  DIMRAMUE AL S2 56045 5 S 48 b 0 18 £ B 6k R 1)
B AEZE RIS IR] DA EL kKX 4 Rl AL F R 3£ 1Cs Al
FRAP M f6 5 , R K €8 5CHK B2 55 i AL TOPSIS- il 55
T e 56 T R W B AR ZE il i 8] . 2 A0E TS
H" DPPH [ fi % ABTS H Hi & PTIO A fi3& 23 H
FH 3& . FRAP [ 3 5 43 73l 4 0.240.,0.100, 0.093,0.171
0.198, A5 7w, Wik B HE44 50 17 i 225 5 h e
i, FEULEE 3.

2.4.3 FHEMKEAERTNENHE 2506 FQ-
marker i 53 75 it FAR ST EUAL 5256 25 H R 8 An 15 2 1Y
g N EE e SN R SN L D Re o By G
ELRR K 100 g, ITA 3% B 87K 70 mL, [efifd 4 h, £ EERK
BEWIL B0, 430 TR AN S 2R 5 h, B B
50 °CTJ#:.

2.5 mEZHHETHEBEXFERNREREVSHR
2.5.1 &h [ 8k K HPLC-ELSD 48 & &3 (19 2 7 5 4%
M (D @REEE K 22 KR R 2 2% SCHk[10]. (2) 38
SRS T S A IR N . 10 HEH A i J o)
TAZHA R L B K (IS Y1I~Y10) B4 5 i
W TR AR IR S TGS i, Fe IR 2.2, 17 T gk SRk
FEIE B 10 L F i 3k EL s R AR o B S A 2y
o548 S0 E TS AL PEAY R 450 ) (2004 A JR) TP AT 4
Mo BERESD Y1 RS 2 R IE R, 3 )R] 7 v
9 0.5 min, 28 2 55K IE J5 HEAT 42 1% 06 DT A B 10 fiEAE
i CL T L () 28 IR SC RIS SR F 7 500k A et IR g ¢
FEE R, 3 X A S (Y D) 5 TR A6 B A T
i IR T S i PN . S5 2R o, JEbRaE H 204>
A7, I8N T HAP A 9 N AT I B D-SRBE (16 1) D
() -TCoK 2 (UG 2) TREOME (06 3) | L-JRE SR = (U5 4) |
T B M (0 5) | 17 S ok M W T S0 (0 6) SRR — b
(I X2) SFIFDUBE (16 X3) SRS (15 X4) , 45 5 WL IE]
2 FE 30 () AU P o LAXT BRFR L0 E% R A3 IR, R
FHCHP 2y i 1 20 B RS AR LS PR 2 58) (2004 A R 32

TEZG 2023455 34 555 9

TIAHBUETER . 4555 55, L0 13 ik EL ik T R R
55t eSS0 3 R (AR ARLEE 23 511247 0.998 1,000, 1.000
0.993.0.998., 1.000, 0.999. 0.992. 0.998 . 0.999, ] & T
0.990, & B 1 4 (1) 10 FHb 3 Bk R ) T 25 AR A 19 Joi

1 3

9693 PRI
69.37 | 9
2X1 X_Zl X3 X‘i\ X5y X6 X7'X81'0 112
| ! |- R
20,00 —11 ML Mo
) Y9
¥8
> | } = W
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IS) ) | | Y6
¥ S —
85.321 W v4
Y3
Y2
23.91 : . : - : . v
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- & 4 [&] i
E2 10#tEHlh B8 XM HPLC-ELSD & infs 8l &g
42 K] i
EItBIsL EIE R
3
160 1 .
140 1
1201 2
o 1001
E 801
5
60 1
401 5
201 x2d X3 x48
oA

0 7 14 21 28 35 42 49 56 63 70
t/min
AGRAEXT BRI

1601
140 1
1204
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801
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401
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U/mV

0 'I7 1‘4 2‘1 2‘8 3‘5 4‘2 4’9 5‘6 6‘3 7’0
t/min
B RS ACATIE R
1:D-58 5 2: D(+)-JC/K 20 5 32 R 5 4 -5 =0 5 5. T i
W5 6 2 17 SRk MBI L M S04 5 X2 2 LR =00 5 X3 LR U s X4 R
Ei%i
E3 RAXESEEA RIS EE R

2.5.2 P K P 6 Fh Q-marker B S EIE B
10 4tk LR IR 7 By AT £, 430l “2.2.27 300 T 7 vk Al
PR AV T, P 2.2.17 TR (038 2 R R 2 | T
SRR, IFACA A 77 #1158 6 Fi Q-marker 50439 %
i, BRI 3R, BOFAME . AR IR, - =
W T SUORE 1" SRk IR S SR SRS O SRR I
SR O B DT A I A o 4.17%
5.54% .6.60% .2.89% .2.62% .2.13%., AWF5ELL 10 AL
il A U B i R AR Y 80% K TR, B & b ik 6 Fh Q-
marker B 7314 & 1253 NS DT 3.03% . 4.11% . 4.87%
2.15%.1.96% .1.58% ., T 1-FEH: =4 Mt sl A 1720
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R R WL SO A Tnuling AU SR , SR =4 | SRR DU AN
AL FOE R Inulo BUSERE , SUCARAIFFE X R EL 3R i 2 Fh 2k
F RS 09 FE A TR0 A2 , B Inulin 78 5. 5E 4/ Inulo
RUSSERE S B HEN S KT 2.5, 450 LE A4,
Fz4 10HBEFNEEHEREIFFOMERERNSSEIT
BER(UTFERITE n=3)

e LR W Rk RREORE R Inulin® Inulo®E InulinBE K nulo

SR M ARG =M W9 TR SER9 e HEEERRIN
Y1 421 587 7.05 28260 206 1713 748 229
Y2 38 5M4 6.4 209 245 199 1531 113 215
Y3 410 551 651 280 2603 212 1612 7.64 211
Y4 413 5T 112 290 267 22 1703 783 218
Y5 434589 118 311 283 242 1741 8.36 208
Y6 415 555 6.4 292 266 213 1634 11 212
Y7 319 54 60.18 285 256 214 15l 155 200
Y§ 474 553 632 285 254 208 1659 147 222
Y9 405 527 6.09 291 258 197 1541 746 207
YI0 438 562 6.67 293 264 217 1667 174 215
3 itit

25 VR R RT3 2 6 AR S HPLC-ELSD B (4335 4%
P TR GRS IR RAER R MOk T T IR E %
L5 IGUE" YR AR AT . M SOk GE , B
Kb B RS (540 0.03%~0.10% ) FIFRIG BTG ZE (&
17N 0.5%~1.6%) B &M il hn 1.5 & =22 46 F A B
T LRSS A (B ok 109~ 30% ) 2 ]
Ja BT BT B ARAR B AR 1Y Inulo B SEME B A
ZE TR R A N3G I, FERFRC A E R L, LR
R RERE 5 AR B X1 ook e e L L A S, HR
Wi WA N BRI T B v B kR S
A N, T REARZ R o AR S 1 R 1- 0 2R =
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