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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), 1'-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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B & B, B R b 5 5 SIS o A B T — R AN
CRA S ——X1.X2 X3+ AR AL 2= AR Sy
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PRI RE |, HE T L AR A B SO AR (- 2E
e K %% (HPLC-ELSD) $8 80 13, D141l & B 4k
KK & b i il e P2 bR 5 2% |
1 #E
1.1 EFENF

Hitachi Primaide % HPLC 1% (£ 45 1110 DY 46 &
1210 H shibFegs 13107648 I H HAS H 37 =8
AN ] UMB800 % ELSD Iy [ 1 i 38 3 43 A1 5 AR A7 B
/5 ) 5 Sartorius 7 HL 43 B K F- . XR205 SM-DR AU HL F-
A3 R ORS BE 43591 9 0.01.,0.1 mg) 4 [ 3 -+ Precisa 2y
] ; DFT-200 7 /55 3 7 GE 3 HL (4% 3 25 000 t/min) 14
TR TR AL AT B A ] 5 CQ-200 T8 74 I3 V5 Pk 4 1)
F Vi s B R A R A F] 5 T56CRT B 28401 UL 4y
HOCEE T [ i e B A A R A 7] 5 DK-S26
L AAVE R K VAR I ) TR AR VR B BB A BR A 7 o
1.2 Zhft
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KEFERE T PG D, Yo v R I i K R A )
LR M. officinalis How (MR o FESMAERLT T MR 2y
KNG B =
£1 BREGHREER

55 Rl .

80 20210422 IR & LA

sl 2021-05-01 IR N S

) 20210502 I RA I A R AR

$3 20210621 [ KBTI R AR

84 2021043 I RA ST RSN

$ 2021-05-03 I HRBERTER R AR EN

$6 202106-12 [ EFvE A A

§7 202105-12 IR ERTER B R

$8 2021-05-13 I IR ERTR S RN

89 2021-04-20 I RAERT RN
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1.3 sER&5IRF

D- L85 %5 B8 5 (415 SS0905GA14) D (+)-To 7K Fii
A BT BR 5 (L5 SAO418GAL4) | W T By (4L &5
S0286G1) ., 1-FEA = xS e i (Jik'5- AWGO714) (Tt b
X R (FE5 Z1TA9HBE9088 ) | 1SR Ml L i it it
i (415 SO9ASDA1431) | 1, 1- — A -2 = fil§ K 2 JjF
(DPPH) .2, 2-HK (- —.(3- L - 2R I WEME-6-fif iR ) — Sicdh
(ABTS) \2-#3£-4, 4,5, 5-PU F Lk s opk -3- 4804 % - 1- 41
(PTIO) .2,4,6- —MLIER =& (TPTZ) KGRI A I
TR AR PR BRI JErbou) B S RE 14 98.0% 5
SRR = IR (305 20210719, 4l BF 97.35% ) S5 Py
T IR (45 20210804, 410 99.209% ) F1F 5 8
B (L5 20210721, 46 BF 98.53% ) 34 Ry A S 86 25 H
s AR A Ry A B el sl w R K R B FOK
2 AEEER
2.1 AEZFIRE BRI RS E
WUAE R (4 S0) 9y, B4y 100 g, JITA 3%

ALK 70 mL, feliig 4 h, B EEKPEIIRY, FR2iprigEo
J& Al TR 7841 0.0.56.1.2.3.4.5.6.7 h, lX
5T, 50 °CTE KR, i1k 50 B i, BAS
2.2 7NE# H B E £ B8 K & 6 7 Q-marker K HIE
ENE

2.2.1 K5y R HPLC-ELSD 3£ #EATIE , {53
22 7% SCHR[10]. $4 18 2020 4F R F [ 24 i) (DU )
U 9101 F3 Ay J5 B Bk 4 S L D) R0 SCHR (10138047 J7 v
HEL AR A R A G EK
2.2.2 FWAHIE (1) RA X B S R 25« 43
FE BRI DM D (+)-TooK A0S R | 1- 1SR =
T S 17 - SRk MR L b SRR = SR SR DO AR
RO R A e BT R — 10 mL AR A A R, 92
SR NN 60% NGV it 2= 20 B, T ) B e vk B2 O3 ) 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 pug/mL.702.34 pg/mL .
653.25 pg/mL TR A X6 HE S I T o (2) B Al V8 T 1) i
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B 2 43 BN [V Z5 il o (1] 8 58 TR A, 275 SRR [10]
D7 i A A S A R

2.2.3  N[R)ZE ] B ] £ 0wk K A 6 FF Q-marker 5% 57 1)
T g5 O [R) ZE I B[R] B KA R 6 R Q-
marker 70 19 & S AR AN 1 s o 6 Bk R 7E 2% 4l
0.5 h 2247 FF i A ) 2] SR SR = | LR b Rn S SR b
(HP Inulo BUSERH ) , 5 i 5B THR G TR 7275
5~6 h B fi e 5 1- SR =0 T SR | 17 - S ok e A 5 i 20
BRI Inulin BYSEHE) 19 & 50 2 48 T8 )5 T R AR5 i
LR, XRUTE—E RN ERAE T A 22 Hl
(] AR REAC , 3 P RR Y R B Y Tnulin VS AT GBS Wi
et igp Ay LR 1 Inulin BUSEME Y Inulo BUZEHE , S5 2FhK
AL = & e Nstza o] 0y e i A N e i 235

Al et ]
80 o ik
R U
= LR
Eﬂ 40 =¥ SUALORE
- LR

60

/(mg/g)

20

0 W T T T T T T 1
0 1 2 3 4 5 6 7

ZEHIH )/
B1 #hEB;X R 6Fh Q-marker B 4 & B K3 5 ]
MRS (n=3)

2.3 AEIZEFIA AR B RAEIME L FEENE
2.3.1 DPPH H HFEIERRRME  FM 222750 F Jrik
3 )] 8 AN [) 2% T ) 0 L O PP it VAV AR i 9 5
B 2s U A RE Y VR Y 43 R 2,55, 10,
12.20.40 mg/mL) , Z: 7% SCHR[11] 77 15300 52 F 5l IR O B
(A,) F BRSO (o) , 742 B8 28 33155 DPPH A
R B2 . DPPH H HH 235 BR 2 (%) = (4o—A4)/40 X
100%., K FH GraphPad Prism % {4 7 0 A i i) 24 B0 B
WPE (1Cs) , TR R 20 S5 IR, LUK AEZE ] 1 hi,
M5 DPPH A H BE 1 BE ) fieik o
*2 HEHXBEHREZEUMBEHEMIC MEKIEFEEE
HUEENELR (x+s,n=3)

. 1C/(mg/mL) FRAP Y i/
TR .

DPPHAME  PTIOAME  ABTSHMME  REAME (pmoL/g)
0 1143940006 2103047301 9530015  16591£0020 63530382
03 206240027 216597£29329 46340026 17762£0099 569240125
| 250340019 639903£0577  3353+0021 1905340092 142660072
2 1095240055 469320966 3450£0006 1788920075 14518£0072
3 74010090 34140347 28910007 1756420107 14403£0072
4 1003940071 2363020130 482£0040  17762£0085  18311£0.000
5 040057 IS878£0047 403310020 169730067  20228+0.072
6 652810050  3LOTLE0.191 3330001 18597£0.105 193520072
7 SOE0M9  MU24E0032 27420008 192910130 2177040072

2.3.2 PTIO H HFIEFRRIE R IE“2.2.2" TR Jrik
A3 590 ] 5 AN 7] 2% ) sk i) 68 B ik TR AR o v T (R A 9 52
IO 28 B L R S I SR R R 43 ) A 5,10, 15,
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20.,25.,30.,40 mg/mL) , 275 SCHR[1 1] 77 1300 5 F 5 1 6
J&E (A) R BRI WG (4o) , 3 R LR A 35 PTIO
H H L FR % PTIO A I BEEBR R (%) = (4o—A4) /40X
100%. % JH GraphPad Prism {3 T &R i 19 1Cs0, T IL
2, SR WoR, DEERAEZN 2 hs , FLiEBR PTIO H H
FLHRE R

2.3.3  ABTS A HIEERRME & IR“2.2.2" W07 k4
)] B8 A ) 2% 1 i e 6 O R PRt A T AR AR 0 52 6
SR W E MR E S 5 1.2.4.6.8,
10,15.20 mg/mL) , 2% SCHR[11] 7 %00 5 #F 5 1 RO
JE (A) R BRI G RE (4o) , #2 BELL T A0 A ABTS
H HLTERR % : ABTS H HEIEBR (%) = (40— 4)/40 X
100%., % Jfl GraphPad Prism % {4 FUEE 5 1) 1Cs , 1 1L
F2, g5R R, BEERAEZN 0.5 h 5, HiEkk ABTS A
1 LAY BE D98 T4, HLAEZR ] 7 h B VS BR ABTS H
F FE Y BE ) Bt

234 FILAMEERARNE R C2.2.270F ik
3 ) ) B AN [7) 2% o s 1 58 T B R P e ot s Y CRR 0 1 52
IR ZE O BB R A A O R VAR 44530 R 3.33.6.67
13.33.20.00,26.67,33.33 mg/mL) % 2.4 mL, £ % Sk
(L2175 MU A A R A 3 590 00 2 A i IO B (4)
X HR VA TG (4o) , 22 B DL A B3 [ 23
PR A R RE R R (%) = (4—4)/40X 100%, K
FH GraphPad Prism ZC4 04 5 9 1Cso, TEILFR 2, 2551
SR, EVRR R 26 TS T BRI 3E A A AE 10855, X il
WIZE S 29 AL R T AL B D .

2.3.5 PR EATEALRE I E LR He IR C2.2.27
T3 5 AN ) 2 ol s i) e L 6l DR StV VAR, S 2% o
H0.6 mL 75 mL Z.04 A 0.6 mL AR 5/t 4]
1k.BE 17 (FRAP) TAEWFI 1.8 mL /K, 58/MR4& . T37°C
FE R /K 30 min Ji5 , S AR-1T WA 66 B 77 593 nm
WA AR I 5E BRI OGRE (A) o AR FE S A S5 3K,
PO . L FeSO.+ TH.O A i 4 Ji 22 il A v il 2K
CRR A T 52 B 485 2 | 8 8 B o %) BT et v 2 0331 oy
100,200,300,400,500,600,800 wmol/L) , LAWY Ay
PYARBR(Y) JEEIR U AR AR b (X)) A5 B AR v £ AN
Y=0.000 4X+0.124 5(R2=0.999 5) , F£ it kA 5 BE
DL FRAP 45 £ 7R . FRAP 28 DL Bk sg FRE S P&
FeSO. F i BE /R B0 R (mmoL/g) , T 2, 455 IR,
ELERZE ] L h 5, X Fe™ iiA i BB 1 4 i e .

24 HEHRXHREZ IR E

2.4.1 LA 6 Q-marker B3 75 5 6 A i 8 £ ELRR R
W AEZERIB ] DL 6 Fl' Q-marker B 43 & i M 4845 , F)
R R B S A 3 BEAE f#HE) T (technique for order
preference by similarity to an ideal solution, TOPSIS) - fil
A AR TR 0 U 5K 1 R AR 2 B el A T R o, 4
RN SRR AT R, SR LR 1R O
TS 1" -SRI IR AR L Tt S SR SR = | SR S A 2R
L TOBE A9 RLE 43 1) R 0.059.,0.080,0.126,0.063 ., 0.077
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0.133. W BEHEA AT 3 0L 2051 R 781 3 h Z& i 4 h 78

il 5 h, FEWLF 3, IiRZEHERM , S R AF K] 3~5 h

B, 6 ' Q-marker A% 3 B 7% 1 f e o

#3 ET 6% Q-markers X5 SEFEIML RN
4 Rk 8 BBk R £ Fl i i8]

o 6T Qmarkers U4 i EFRIM R LR
it im - -
E E y iy E E y #r

0 0798 0891 0472 9 0630 0891 0414 9
03 0905 0634 0588 8 0738 06l 0547 7
| 0861 054 063 5 0663 0919 0419 8
2 0855 059 0618 4 0854 0503 0630 5
3 0978 0548 064l | 0897 0547 0621 6
4 0046 0566 0626 2 0860 048 0640 4
5 0989 059 063 3 0950 0392 0708 |
6 0963 0657 059 7 093 0420 0687 ]
7 0865 0567 0604 6 1000 0464 0683 3

E* AT He A7 5 I BIAR A A RK ECBE 9 5 £ A VR 5 1
R EIRRECREBS sy« B 5 E ~ B AR ARA A A R FC 0T B

2.4.2  DIMRANGTE AL T2 5645 S A H8 b 0 128 5 EL 5 K )
B AEZE NI FIE]  DAER EL kK 4 Fh AL A 3£ A 1Cs N
FRAP MF5 45, SR K A6 1K B 55 1 AL TOPSIS-fil A 5
TR i E P R B R ZE Il i B) . 2R AR
1" DPPH H & . ABTS H i3 . PTIO H Hi3E 3L A
i %&  FRAP % £ 5 43 51 4 0.240,0.100,0.093,0.171
0.198, 5 W, Wi BEHEA 55 1A B 2251 5 h B9
dn, TR 3,

2.4.3  FHERRKEAERHN T NE 25506 Fh Q-
marker 53 75 1 FIAR ST 010 52 0 45 1 S e bn i 21 1
e A2 T ) 235 2R TSR 08k K A A il O ok - BRUE
ELE K 100 g, IIA 3% 57K 70 mL, fofiid 4 h, Z&Eh/K
PEMIL 30, 43 TG s T 2% 5 b, O B,
50 °C T8

2.5 RIEZBIHETHESEXERHREREVSAR
2.5.1  #h [ 5k K HPLC-ELSD & & [K 3 1 28 57 5 4
Br (D) @RS BT ik 5 E [/ 225 SCER[10]. (2) 48
SR A EE ST S AT I RN . B10 b4 a2 A e
T 2ZH AR B R (S Y1I~Y10) AHER & i
TSR A X R VARG B, 2 R 2.2, 17T T e A R it
FEISE K 10 41E F ok EL sl R AR A ik B S A 2y
34 SR AR AL PEAY R 450 ) (2004 A JR) ThifEAT 4
Bro BERESL Y1 RIS 2 B8R 15 8 I R) 2 5
0.5 min, 28 2 SR E JE HEAT 415 04 VT FC AR B 10 HHERE
i C T L (14 28 I SC I SR F 67 508 A Ont B8 8L
i R, 38 X A S R (Y1) 5 TR A X R T
i I EA T B S PN . S5 o , bR 204>
A7, IFHRIN T H AR 9 A7 0 RE D-2RBE (1 1) \D
() - T K H A (U 2) (TREARE (g 3) | L-JRE SR = hE (15 4) |
T S (U 5) | 17 SR ok Mot L T 30 (0 6) L SR SR —
(U X2) JFREFEDUME (5 X3) SRR FOME (5 X4) , 45 5 WL IE
2 FE 30 (3)AAMBUEE P4 . LAXT BRFE S0 &% R A IR, R
FHCP 2y (05 15 2 B TS AR U R R 40) (2004 A R 1F

FREZ D 2023 4F5 34 445 9 1)

TPABLBE T MY . 25 SR B, LO L [ R I B R F ke i
5%} IR F8 80 &3 R A AEARLEE 2351 24 0.998 ,1.000,1.000
0.993.0.998.1.000. 0.999. 0.992 . 0.998 ., 0.999, ¥] &k F
0.990, & B [ il A% 10 Atk 03 A 1 125 AR A A9 5

1 3

O
269.37 XU xo | 9 10
2 FlOX8 ) x4y x5 xel xvixs N12
| ‘ .
| I, Y U U WY UV WY Y SN
208.024 4 L - A A _
{ .y zg
> ) | Y Y Y e
Eusery v .y - Y7
S ) ] ! Y6
85.321 1 - Y4
Y3
1 Y2
23.91 . AN : . — =
0 10.86 2071 3257 4243 5429 65.14  76.00

t/min

E2 104t B & E & X8 HPLC-ELSD & finfs 4 & it

=1 2] it
KAt RIsQ EE R
. 3
160 !
1401
1201 2
1004
5 00
E 801
S
601
401 5
201 x2d x3f xa®
oA
0 7 14 21 28 35 42 49 56 63 70
t/min
ARG X B ST
13
1604
1401
1201
% 1001
g 80 5(8) 6 .
60 1 8
401 XX -
4 2 X3 X4 N
20 \ Xl x6fl xrll x| N1z
04
0 7 14 21 28 35 42 49 56 63 70

t/min
B HE SE 1 R
L:D-JMi 5 2: D () -ToK 0 5 32 REWE s 40 L-BEAE =0 5. s 30
B 56 2 17 SR IR SR B0 5 X2 ¢ AR = 5 X3 AL DU X4 R
Bk
B3 REeExRmaikinxBissEiER

2.5.2  EHEK P 6 Fh Q-marker i3 1 & EIIE  HL
10 ER L R U R My oK i, 0 il Fe < 2.2.27 300 il
B R SR VAW, “2.2.17 TR {0 3% 2 R HERE I 2 | T
SR TR, IR A BE 5 BT 6 i Q-marker B4 75
i B FERINE 3 ORI . AR BN, 1R =
W IR | 1SR L AR SR R SRS DU
SR TR i DL TR T SR 0 4.17%
5.54% .6.60% .2.89% .2.62% .2.13% ., AHBF5T LA 10 L
st A LA B AR 19 80% S R B, 7 & iR 6 # Q-
marker i 73 4 7% &0 B ANS DT 3.03% . 4.11% . 4.87% .
2.15% .1.96% .1.58%, T 1-HE5 =0 A 1720
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KR AR A Inulin BUZERE , SRR =0 SRR IO

T Inulo BIZEME , BRI ER LR 2 Bk

TS SRR 00 LU AELEA T L , B Inulin B9 G 5500 Inulo

BRSNS RILENAS R T 2.5, 4R ILE4.

F4 0HEFNBZERRRAHoFHBEHEER TS ET
BER(UFERITE, n=3)

e R Eetel BR O OBE O ORR bin® Inlo®A InulinfE S o
7 i W EREEG 80 N T EBe Se  DRESEILE

Y1 421 587 705 282 260 206 1713 748 229
Y2 383 5M 624 260 245 199 1531 713 215
Y3 410 551 6.51 289 263 212 1612 7.64 211
Y4 413 5T 712 290 267 22 1703 783 218
Ys 434 589 718 28 24 14 8.36 208
Yo 415 555 6.64 292 266 213 1634 11 212
Y7 319 Sl4 6.18 285 256 214 151 155 200
Y§ 474 553 632 285 254 208 1659 147 22
Y9 405 527 6.09 291 258 197 1541 746 207
YI0 438 562 6.67 293 264 217 1667 174 215
3 itit

28 35 4 T3 ) 6B i HPLC-ELSD B (233 2%
P R AR R G R R E it T T RE
LG IGEN YRR e T AT . SRR A, B R
KA R (B 58 0.03%~0.10% ) IR EERE 25 (&
1R 0.5%~1.6%) B4 280 il )5 & 228 b I AR B
T B R B A (B i 10%~30% ) ML ]
Je BT TR AR AR B A 1 Inulo B SERE & B %
ZE T B[] A 38 T 3 in . FERIFSE HPAE R R BR, SR IMER
)RR S5 A AR Y X1 A R e A S B A i, HLAR
Wi SN TSR A N T b 5 A 5
FIAEI I, TR ZY 55 o BOAR S 50 e B 1- 7 SR =0
T SR L 1SRk IR W S T S 1) 6 25 2 (Inuilin 88 S
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