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and 5-heneicosylresorcino (AR-21). The analysis was performed on a Brownless Spp Cs column (2.1 mmx100 mm, 2.7

um) with the mobile phase of 5 mmol/L ammonium acetate solution in phase A and formic acid:acetonitrile

solution (volume ratio of 1:1 000) in phase B at a flow rate of 0.5 mL/min with gradient elution. The column temperature

was 35 ‘C, and the electron spray ionization source was adopted in negative ion scanning with multiple reaction

monitoring mode. Combined with principal component analysis and orthogonal partial least square-discriminant analysis,

the main chemical components affecting the quality of Massa Medicata Fermentata before and after processing were

found. The results showed that 4 components had good linear relationships in their respective ranges (r>0.992 6), the

average spiked recoveries ranged from 99.36% to 101.36%, and the relative standard deviations (RSD) were

0.85%~2.10%. The mass difference substance was AR-21 that caused the main difference through chemical pattern

recognition analysis. The method is simple, feasible, stable and reliable, and can be used for the quality control of

different products of Massa Medicata Fermentata.
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e 3L [0] 2K W} (alkylresorcinols, ARs) /& —2 A7
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7~ 9 min, 2% ~ 10% A, 98% ~ 90% B; 9 ~ 10 min,
10% A, 90% B.
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Table 1 Basic informations of Massa Medicata Fermentata
%' eSS R 5 %' W ARy L5
SL-1 BRI 2T Az i 20210426 JL-3 JeatHE I X KA 2104067
SL-2 LR =M Az i AR JL-4° PO IA8 A T IEE 19100242
SL-3 BRI M Az i ER G| JL-5° PO 145 AR T IhEE 202007119
SL-4 JentHTE M X Az i 1909043 JL-6 VU AT T oA 202103035
SL-5 LA A% IX A AR L7 WA BUM T S 201008
SL-6" VU AR G 202101244 JL-8’ LA BN T %S 200808
SL-7° VUi AR Az i 202102014 JL-9’ WHLAS B i 1Ak 210602
SL-8" VaI A AR A 202103021 JL-10 LR =M S 201101
SL-9 Va4 i R i 210306 QL-1 Va4 AR T ERID 202103099
SL-10 DU 1145 i P T H: 201006 QL-2* DU 45 R i Bkib 202112126
SL-11 WA BTN T A 210531 QL-3 PO IA8 A T BRI 202007147
SL-12’ WA BN T A 201003 QL-4 JEmHTREIX BAD BN
SL-13 WA BTN T Az 210604 QL-5 LA =TT 734 20210504
SL-14 LB NY A 20210505 QL-6 LA =M 794 20210502
JL-1 v X i 4 210222 QL-7 TR =N Eelb 20210504
JL-2 e KX 483 ER QL-8 Fea i M X ERED 2103066
s a5 (T AR R 24 b afice rh 245 1 1700 ) BT A ) 7 ol 92 2 72 3w Il — ) 5 (R A8 vh 25 RS )
S 7S vk A
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WA 11.0 L/min; $10REEN 340 °C; Al
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M TR ) B R B BRI SRR TR 5 (5
SL-6)0.25 g THIEHEIEHEH, A L2 £ 50 mL,
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5 min(10 000 r/min) J5 5% #% 35 W TiiE i, 76
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Table 2 Retention times, monitoring ions and mass spectrometric parameters of 4 ARs
ARs £ BRI (] /min BT/ (m/z) FEF/(m/z) LS T iNAAY R e /eV
AR-15 1.731 319.2 277.1*%,121.8, 81.2 100 30, 40, 30
AR-17 3.009 347.3 305.3%,122.1, 81.0 100 30, 40, 40
AR-19 4.633 375.4 333.3%,81.1 50 30, 40
AR-21 5.998 403.3 361.2%,81.3 50 40, 40
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BN B SRT, T 4 °C VKA TP IRAT
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Fig. 1 Quantitative ion chromatograms of (A) mixed reference solutions and (B) test solutions of

Massa Medicata Fermentata
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B4 Yol Bt V5 VR o, 422 1.3 T T i R ik
SAFHEATINE . DAETRI R AR AR v, X BE TT fEv
& (ng/mL) J 8 A A x, 22 il b vfe ph 26, 25 5 3k 3
A, £ BT B 2Pl O 2R AT R 25 X At 725 U
BRI HERE S04, LIS MR LR 3 R0 10 B vk B

VE J 45 90 ARs 1 43 0 K H BR (LOD) Al i i FR
(LOQ), f5 &I Lk 15 REUn e 3 frgl.
23 BEERR

e 1.3.1, 1.3.2 TR 4508, B[Rl —TR G 0T B it
WS 6 UK, LS4 AT I AR, TUAS: AR-15,
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Table 3 Linear relationships, LODs, LOQs of 4 ARs

ARs [l )= 75 7 NS X 2P VE l/ (ng/mL) K BR/ (pg/g) EwMR/(ng/g)
AR-15 y=0.290 2x — 0.585 7 0.9952 4.99 ~ 398.80 1.30 4.29
AR-17 y=0.423 1x — 2.251 8 0.992 6 4.08 ~ 326.08 2.04 6.73
AR-19 y=0.805 1x — 10.772 7 0.995 4 9.98 ~ 798.40 3.10 10.23
AR-21 y=1.006 9x — 21.555 8 0.999 4 21.96 ~1756.80 3.40 11.22
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(RSD)E 43 %} 2.07%. 1.37%. 1.86%. 1.09%, %%
WA 2% B R
24 EHEMHRAW

BOSH AL S (905 SL-6), 4% 1.3.3 T F ik,
il 4% 6 B AIA, 4% 1.3.1, 1.3.2 T F 44400 5E .
MAS PR AR-17, AR-19, AR-21 & HHAY RSD
THAT R 1.62%., 2.48%. 1.22%, FWiZ T :pyHE
PR AT
2.5 REMRE

B fm] — b 5 W (45 - SL-6), 4351 F 0. 2.
4.8, 12 F1 24 h, 4% 1.3.1, 1.3.2 W0 F Z& 1400 5, I
4 AR-17. AR-19, AR-21 & & Y RSD {H 4 5l N
2.47%. 1.68%. 1.35%, 32H] 24 h WAL AR 2
PR AT
2.6 INEEEIKERIRTE

2 BRI 2 2 0 A 7S Al A (252 SL-6)
% 0.125 g, 3L 6 10, 4% 1+ 1 43 ) AR TP oRE 25
TR A X R ST, 422 1.3 TR 5 B il 5 A5
VST HEREIAE , J3 0355045 140 A I [l fie 5
RSD, £553L 413 4 o). 455320 4 Fh ko F- 3t
5] I ZRAE 99.36% ~ 101.36% = [6], H: RSD {H N
0.85% ~ 2.10%, BEHIZIRLS /7L 17
27 HENE

A3 32 RS TR RS B, # 1.33
D7 b AR AR, 7 1.3.10 1.3.2 TR 0405,
TR S AR-15. AR-17. AR-19 il AR-21 (195
i, 453 5 TS, AR TR AR K T AR-15, BR
T FEAS th AR ARs 28R Ah, AN il A
AR-17, AR-19 fil AR-21 f4 i & 43 0 43 % 4
1.99 ~ 622, 7.76 ~ 34.99, 4.93 ~ 64.14 ng/g, ¥ 5
1 AR-17. AR-19 fl AR-21 # JiT & 4 80 4 5l Ry
1.61 ~4.33, 3.19 ~ 24.28, 5.15 ~ 55.45 pg/g, kb i
1 AR-17. AR-19 fl AR-21 # Jit & 4 80 4 5l Ry
1.34 ~ 6.06. 3.20 ~ 28.98. 5.76 ~ 58.34 pg/g.
2.8 AREEEHERT ARs HEETWK

SR PR 7S R i K T R 25 S A 7 A R S
ECHI A0 DI . Ml o] SR REAS HEAT A0 BT, 45 R
7, VU A8 RGAR T ] — il 4% (AR R 2 A i« v
245 B I TSR 4 7S s s A 7 4 S
A (SL-6 ~ SL-8) H, Bk ) AR-15, AR-17, AR-
19 A1 AR-21 19 Jii 5 53 5050 51 R (4.61+1.64) pg/g.
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Table 4 Experimental results of recovery rate

A A W ke P

ARs ik /ug ik /ug Bi/ug PICR/% {5/% RSD/%
AR-15 - 0.400 0.412 103.00 101.17 2.10
0.399 99.75
0.407 101.75
0.415 103.75
0.403 100.75
0.392 98.00
AR-17 0.802 0.813 1.631 101.97 100.63 0.85
1.609 99.28
1.598 97.97
1.634 102.34
1.628 101.55
1.621 100.68
AR-19 4374 4391 8.581 95.82 99.36  1.65
8.666 97.74
8.918 103.49
8.810 101.02
8.642 97.19
8.542 94.92
AR-21 8.018 8.037 16438 104.76 101.36 1.24
16.078  100.28
15.939 98.56
16.139 101.04
16.376  103.99
16.018 99.54

(28.49+9.41) pg/g M1 (53.91+14.54) pg/g, AR-17 5
AR-21 B & 4380 L 0.08+0.01. £ 5k45 (QL-1 ~
QL-3). K (JL-4 ~JL-6) )5, AR-17, AR-19 HI AR-
21 M N RS WA b T A — Al
CHI A8 w24 e R ) T ISC R A 7 o i i 12k 2R
PR S AR 6 (SL-11 ~ SL-13) 7, K46 ) AR-
15, AR-17. AR-19 Fil AR-21 i Ji & 43 %4 7 5 M
(3.57+0.18) pg/g. (15.44+1.00) pg/g F1(31.56+4.88)
ng/g, AR-17 5 AR-21 1 it 5t 43 %4 4 0.1240.02.
Z WP FE(JL-7 ~ JL-9) &, AR-17, AR-19 Fll AR-21
T TR, WE 2 PR,



256 TR AR 5

$30 %

RS AMEEEAXE_BMEIMNEELER
Table 5 Content results of 4 ARs

/(ugl/g, n=3)
G5 AR-15 AR-17 AR-19 AR-21 i AR-15 AR-17 AR-19 AR-21
SL-1 2.07 12.91 28.94 JL-3 - 3.19 6.15
SL-2 2.13 9.44 18.78 JL-4 4.18 15.15 34.83
SL-3 1.99 7.76 15.78 JL-5 3.93 21.04 39.33
SL-4 - - 493 JL-6 4.33 24.28 5545
SL-5 - - - JL-7 2.04 7.11 15.03
SL-6 6.22 34.99 64.14 JL-8 1.61 5.51 10.50
SL-7 4.66 32.77 60.32 JL-9 2.23 5.93 11.22
SL-8 2.94 17.70 37.26 JL-10 3.17 16.09 30.08
SL-9 5.48 29.75 57.60 QL-1 5.99 28.98 51.74
SL-10 5.32 31.16 63.32 QL-2 6.06 28.47 58.34
SL-11 3.38 15.84 33.54 QL-3 3.97 16.87 35.55
SL-12 3.59 14.30 26.00 QL-4 2.42 11.01 25.15
SL-13 3.74 16.17 35.15 QL-5 2.66 13.35 30.01
SL-14 3.00 8.24 18.99 QL-6 3.70 18.65 38.66
JL-1 3.79 16.28 34.28 QL-7 1.36 5.20 9.47
JL-2 - - 5.15 QL-8 1.34 3.20 5.76
He “=7 ARFRRIN
40
720 L (@) [ JAR-17 (b) HAR-W
[ ]Ar-19 35k T AR-19
60 - - [ ]AR-21 [ ]AR-21
30 l
% 50 + T '\5;2 55
= =
5 40 . # 20
= 30 =
i} r ud T
HE\ T H‘;\’ 15 o -[
20 1 I 10 1
l !——‘ ‘ ' = 1
0 =] - 0 |—
i ERED IO i IO A

B2 FREGE ARG AD ARs HEEEN

(a) MJI&EEFHHHE,

(b)) #iT& &= H7< 6l

Fig.2 Content changes of ARs in different preparation methods and different processing products
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DL 12 $itke | O 148 B T R VAR B T Y
NP A L KPR TN ARs 1 R AR i 1B
SIMCA 14.1 % {4 1% %) F & 4> 4 # (principal
component analysis, PCA) 1543 (WL 3), 4551 B
7R, G HT B RERE R PN T O[] i (A A iR 4T
X 4. 3 6 Al Hl, ARRIE{E>1 o bRifE, ik s 2]

LA T, o5 28 5THkAC 95.964%, Ui B i a5
BN F o B BARERAE, BERS SRAEAN ) 1l 12 5 201y
FREZE SR
2.9.2  EA /N AL oA

R B T 248 75 AN [R] U7 il B i 22 1]
A28 5, SR AT W B Y TE S i e/ — e i)
47 Mr(orthogonal partial least square-discriminate
analysis, OPLS-DA ) TE |, I 15 H X7 it ity 52 ey 22
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St DR R R R ALy B 12 #HE7S PR AR A ARs
FRONAF RS SIMCA 14.1 #4, #E47 OPLS-DA
HERLIMT, L A Sl s A, 7535 OPLS-DA
1557 B (A 4 FoRs ). i —2 A 2% i A8
18 H ZPE R (variable importance in projection, VIP)
(B, VIP {BLBE 7, 2 WIS 2R i) 22 5 14 DOk K . 3 3ot
X} VIP A #4750 1, 159 8] 22 F bR B ) VIP K]
(UL 4), BL VIP{E>1 o B {EL, O 6 Hh 1422 4
AR-21 T“TH%J&E&TW@%JM’JAWHH*@EUT
I, B H 22 51 E 2 AR

(A1) 156
(1)(5) %‘H 4@ @sL-12
ok IL5@ |@SL-13 QLo

t[2]

0.5 @SL-BIL-6 SL 11 L70gy ¢
Tsl |
Dol . ; : : T,
-6 -4 -2 0 2 4
1]
Bl
BH ol
_ o0 @516 QIL-6
S O Ost-7 Ort=s

1150 @sLs

-10 =5 0 5 10

€ 4t
= ol SL-11@SL-13 | 100 ¢

b=t

= JL-9Q
-2t @sL-12
LYas
-4+ KA
*15 *10 -

t[1]

& 4 OPLS-DA £
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Table 6 Principal component eigenvalues and variance

contribution rates

TRy RHEE TR BRI %
1 2.879 95.964 95.964
2 0.102 3.391 99.354
3 0.019 0.646 100
210 HERSWH

FEA BRI, B H 58 T LR LR A PR LA
(10, 20, 30. 40, 50, 60, 100 mL). XTIEWH%EXI
AT T A Ak, BERE DL ORI ], BT
[RIRTE HE (5% 10%. 15%. 20%. 25%),#5&‘{5’6}%
BHRIGEC K, i, W, TTKOEE, LR OBR) .
VEMIAR(2, 4. 5. 8, 10 mL)#EFT T %48, L540
g5, i LA 50 mL 4R R FEEBUEA R, 5 mL
5% R ERR 2%, 5 mL JC/K OB LT, ARs 28
W D g, SRR R e A

(A2) 1.4 + | }
1.0}
Fo
= 06f
= o2 S —
02}
_06 1 1 1
AR-21 AR-19 AR-17
%
B2) 141
12+ 0
.10}
< o8t
= 06f
> 04f
o2p R —
0 L
02 . . .
AR-21 AR-19 AR-17
(€2) 141
12}
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