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Abstract: Objective To address the current bottlenecks in the quality evaluation of Honghua (Carthami Flos, CF), namely the
insufficient correlation between in vitro indicators and blood-activating efficacy, and the reliance on subjective experience for
morphological identification, this study constructed an integrated evaluation system of “intrinsic pharmacodynamic substances—
extrinsic sensory quality” based on the quality marker (Q-Marker) theory and electronic sensory technologies. Methods UPLC-Q-
TOF-MS was employed to identify the chemical constituents and blood-absorbed components of CF. Candidate Q-Markers related to
blood-activating efficacy were screened by comparing the pharmacokinetic differences between normal rats and rats with acute blood-

stasis syndrome (ABS). A UPLC-MS/MS multi-component quantification method was established to determine the contents of six Q-
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Markers in 26 batches of CF from different origins. Furthermore, an electronic eye and an electronic nose were utilized to obtain digital
color parameters and odor profiles. Multivariate statistical analyses were performed to distinguish genuine and inferior samples, and
Spearman correlation analysis combined with partial least squares regression (PLSR) was conducted to elucidate the quantitative
relationships between Q-Marker contents and sensory features. Results Sixteen chemical constituents were identified in CF, of which
hydroxysafflor yellow A, caffeic acid, p-coumaric acid, ferulic acid, kaempferol-3-O-rutinoside, and kaempferol were blood-absorbed
constituents. Compared with the normal group, the area under the curve (AUC) of caffeic acid and kaempferol in the ABS model rats
was significantly increased, and kaempferol-3-O-rutinoside showed a more obvious tendency of deglycosylation metabolism in the
pathological state, suggesting that the exposure of blood-activating components was enhanced in the pathological state of blood stasis.
Based on the Q-Marker principles of “specificity, measurability, effectiveness, and transmission and traceability”, six components
including hydroxysafflor yellow A, caffeic acid, p-coumaric acid, ferulic acid, kaempferol-3-O-rutinoside and kaempferol were
determined as Q-Markers for the blood-activating efficacy of CF. Principal component analysis (PCA) based on electronic sensory
parameters demonstrated that the electronic eye and electronic nose can effectively distinguish high-quality and inferior-quality CF.
Spearman and PLSR correlation analysis showed that the electronic eye color parameters L*, b* and the signals from the electronic
nose sensors W6S and W3S were significantly correlated with Q-Marker content, which could be used as key indicators to characterize
the internal quality. Conclusion In this study, the difference of pharmacokinetics in pathological state was introduced into the
screening of CF Q-Marker. Based on this, the Q-Marker-electronic sensory evaluation system was established, which realized the three-
dimensional correlation of safflower "chemical substance group-pharmacodynamic exposure-sensory phenotype”, and provided a
scientific basis and a new research paradigm for the rapid and non-destructive electronic sensory identification of CF quality.

Key words: Carthamus tinctorius L.; quality markers; pharmacokinetics; electronic eye; electronic nose; multivariate statistical

analysis; hydroxysafflor yellow A; caffeic acid; p-coumaric acid; ferulic acid; kaempferol-3-O-rutinoside; kaempferol

A NHBEA AL Carthamus tinctorius L.
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GAPRERRABN T H M S E, FEWIREKR A
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Al BRI R = RO AR R
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ai T2 (AT SRR AT Ab T R AR S
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HWK, #37 UPLC-MS/MS £ 48 br & Bl 77, %
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P wJa, R FIRAH SRR AR, AR
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RPN, RLACLIHE ) 4 5 SR B 2 k4
A I AP 2K v 24 1R 7 4 o 4 PR 2R B
FLiu .
1 {XEEHH
1.1 Y&

Xevo G2-XS Q-TOF A4 i Bt FHAX , 55 [E Waters
A F]; Ultimate 3000 2 = 8G0AH (4%, ZRER i
IRBHEA IR AT Xevo TQ-S B = 5 53 Bk PUMG AT
B, 32E Waters AH]; VA400 B FHR, 7%
AlphaMos A#]; PEN3 BUHL¥ &, f#[EH Airsense
NCIP
1.2 RmFAHGM

X I8 o A SR, LS PS020801, & H=
98%, M BUER I AR I B BR A ] s X R
BT ERR (S 110773202316, &0 %L 99.3%).
FRILAEHO R A (LS 111637-202412, FiE5 %
97.7%). WHHEEE (LS 110885-202504, JFi &40
98.9%). IIZE®My (IS 110861-202013, JFf &/ %
96.1%), W H H E A 52 A e A bE s KRR L
22My-3-0- =W, L5 MUST-25052417, i &/
$=98%, W4 H RER S R AEYIRHEA R A .

LACHM PG B LR 1, drb E R R AR
Zi IR TSR BRI S, BRI R
B L AE Carthamus tinctorius L. T 1E1E
1.3 )

SPF Ze Mt Wistar KB, AFiE (200+20) g,
M AE (dbn) SERSME AR AR AR,

=1 ARAGMEHSHS

Table 1 Origin and lot number of Carthami Flos

w5 M5 [ = i)

S1  HH2205001 =RKMEE | S14 HH2204010  HsEEHX

S2  HH2205002 m=EimiE | S15 HH2204011 ARSI

S3  HH2205003 mAE#SKE | S16 HH2204012  HFEFAMKX
S4 HH2205004 =@k MEE | S17 HH2204013  HFSE(RAYHIX
S5 HH2205005 =@ikMEE | SI18 HH2204014  HrE(FAHIX
S6  HH2204002 HriEH ARE/R|S19 HH2204015  HFEFAMKX
S7 HH2204003 HriEHARE/R|S20 HH2204016  HrsE(RANHIX

S8 HH2204004 Hdf AR /K| S21 HH20260102001 % f44E
S9  HH2204005 #3# AREE/R | S22 HH20260102002 % fh4L4E
S10 HH2204006 #7587 AB%/R| S23 HH20260102003 % 446
S11 HH2204007 HifEEMX | S24 HH20260102004 441
S12 HH2204008 ¥is@EmX | S25 HH20260102005 % @41t
S13 HH2204009 HifEEX | S26 HH20260102006 4541
“HIRLAE” AR E N RIRAIIE .

“Inferior Carthami Flos” is artificially adulterated in the laboratory.

A[IES SCXK (5%) 2019-0010. ¥t Fade b H g
B B FEUHS = S S B ) A O R I R
5 LIREE (2242) °C, FHXTEE (60£5) %, Gl
JARA 12 W12 0] . BT S S se B AR Y 1 G
FLHTSER S B S AR OGRS, BRSSO &
SIS AYIAER] S0 B R o AR HAE, RE RS
IRM-DWLL-2022138.

2 FHEEHR

2.1 ZI1EiEMINZT Q-Marker B7FIE

K H UPLC-Q-TOF-MS $i AR XS LLAEFF il 14k 2
A AR 24 5 R SRR FEAR AT 204, FRIRIE A4
YR T L7143 22 ()1 PR S FH ST, ) S K B
S IR Cacute blood stasis, ABS )Y, 37 UPLC-
MS/MS S 7328 1 1E % KR AT ABS KRR
6 TN ML B 53 (R 24 501 25 A 5
211 BRI

(1) ABERSIE R H & B fem Rk G
=50, S6) £11.0g, FEWE, BT 100 mL HE
TEHA, KA 70%FEE 25 mL, #EAEHREL 30
min, BARER, fNERKIRE, By, 1,
HRSR e, EPfS el i yai.

(2) KRR % . 20 kG B RREU R R 4T
AR A NEERR. R, LEH-3-0-5F
PR (LM, umHER T IR E R, B TR,
o 4 i ) R A FE R 552 102+ 230+ 1546
777+ 267 pg/mL B — X HE SATRG o0 IR S PR
—XHR ARG R, B TR 10mL &4, BE
BI5), INHEEEZ, HSRA XSS, &H.

(3) 2B PR B B 6 Fiont
HE AT, NN IS B HR VAR, 0 I TC il g 4 Fol
AERERE (8 R (LLOQ). f&. #. &
JR AR o

(4) MEFESR AL BUMIE 100 uL, H5%m
AN 3SR IR, i€ 3min f5, 12470X g &0
10 min, B3, SR T, 70%H 8 50 ul &
%, 12470X g B0 10 min, B3SO
2.1.2 EWWERER S 4 Y

() NIMEsr %5 6 FUuE MR 1 A
(] SPF 22t Wistar KR, LA 5.25 g/kg CH T RElS
R REIM R 2 )y, ARYE (R Z58) 2025 4
WRHERE N G IR S KA 5 R AR 2%
ZiFED AR EX K RIEATAAE KA (10
GEIK—H] 1h, 8 f5&E/K "R 40min, &IF 2 KAI
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BIHATIRGE, 3R FIRGEOIITER 259), S6]ig 44
Zj. TR R4Yi)E 0.5+ 1. 2. 4h, &K
R HIR FEE Ji5 ok AR AR LR AR, TN F 22 AL ) S0
B, 1000Xg B0 30 min H £ M2%, AN [E]FA] 25
Mm¥EEREE, T-80 CUKFEHIRTEDHT.

(2) Zyghmtae: i 12 AENEREFRE 1
'] SPF 2 MEVE Wistar KB, 73 WAL IE W HA 4L
ABS #AIH, &4 6 X, ABS HEAIA KRR 2 &
sc 0.8 mg/kg MERER B LRES, 1AK% 4he 265 1 IRVESS
2h )5, iEKBRAE 0~4 C. 50 cm IR MIZK FiiEik o,
UK A, KR ig 2L (1.05 gkg,
FRAE (R [ 25 80) 2025 AF RAEFE 9\ A I PR 85 K571
I, S6), T4 %5 (0.083. 0.25. 0.5, 1. 1.5,
2. 4. 6. 8. 10, 12, 24h) MHEJEHHZE AR, i
ANHFZRALI 0 1, 3000 r/min 250 30 min il 4
Mm%, BT-80 Cukia, {RAFFFM.
2.1.3 UPLC-Q-TOF-MS %1

(1) @ik @it Cortecs UPLC T3 Cis A1
(150 mmX2.1 mm, 1.6 um); N30 C; ¥Hish
FHA 0.1% R /KVE -, BHEEBENL: 0~2 min,
5% ME: 2~3 min, 5%~17%ZME; 3~15 min,
17%~19%Z.Ji%; 15~20 min, 19%~21%Z.Ji&; 20~
25 min, 21%~45%/.E; 25~40 min, 45%~70%
ZJE: 40~45 min, 70%~75%Z.fE: 45~48 min,
75%~80%Z. i : 48~49 min, 80%~5%Z.fi§; 49~
52min, 5% M AR 0.3 mL/min; il
254 nm; HHFEE 2.0 pl.

(2) JFiit2&fF: Waters Acquity UPLC I-Class #
1R RORE £6 ER BE Xevo G2-XS QTof =4 HE i,
MSE [E. B4, m/z50~1500; BAEHIE
25KV, EET 3KV, #HILEE20V; &
AR (BAD HRBRRE S0L/Mh, RSN Ar, Bl
FISARFRRLE 500 L/h, 350 °C, J§iE 120 C; LA
FEBMMERL ((IM+H] m/z566.277 1, [M—H] m/z
554.2615) FNIFIERIER (200 ng/mL. 15 uL/min),
I FR R BV VAR VA I T
2.1.4 UPLC-MS/MS %1

(1) @i fF: @ik iN Acquity UPLC BEH
Shield Cis £ (100 mmX2.1 mm, 1.7 pm); A
30 C: WBhAHN 0.1% R KIEIR- LI, B BEM -
0~3 min, 5%~25%Z.J&; 3~10min, 25%~70%
ZNE; 10~11min, 70%ZJfE; 11~12min, 70%~
5% 12~15 min, 5%ZFE: B E 0.2

mL/min; #FFEE 2.0 uL.
(2) 2% 1F: Waters Acquity UPLC I-Class
o RO A R B Xevo TQ-S — 5 AR BE DU AR AT
ik, SHE PRI, 2NN (multi-reaction
monitoring, MRM) FHliAE . i i RI4E S 7301
WA 800 L/h AT 150 L/ho SEFRGSAE MR A
BMEBEREN 2.0kV. JEFIIE AR 2 5 E
1504 350 C. KA MRM FlI ESI £t 572 idk
7 (R 2).
®2 RATHRUSTHE MS/MS 2%
Table 2 MS/MS parameters for detection of analytes and

internal standards

MRM
R 2 I T e ey T
mlz mlz &IV BNV

BRILAWIEOEA 289 611.26 491.19 42 24

1
2 UmrERR 3.12 179.07 135.05 46 16
3 MELER 4.14 163.08 119.05 44 14
4 [ERRR 442 193.09 134.04 38 16
5 INZEEY-3-0-EFFELF 4.51 593.25 28495 60 30
6 LZ&Em 541 286.95 153.02 42 32
7 HEE AS) 3.18 415.14 267.11 62 34
2.1.5 ZAFTIEFRIE SHREZRYA N R EE
HF (Y oriERuER R ) 5 (P E 2580 2025
TR DY AR i E B A i AR T R UAH SR E , A
LJatkE. MR RFR., FEAL, M. JL Ak
N FEEENC R J R i R PR 22 /N 4 B T i UPLC-
MS/MS #7735 1) 7 1255 500
LR R, 25 MR P9 YR 2% ol
XT 6 FRAEI s oy ta i W o0, 120715 T SR T R
6 PPANIMIEVER SRR TE T R AL WIHERR . X
HERE R (LERM-3-0-= 8. (L&
LLOQ 754 1. 5. 4. 4. 1. 1ng/mL, 4T 1~
5ng/mL, il R B R EVIFEAR TR K. 6 Tl
N LG 8 2 T 2V (] UE 7 2 40 0l e Bk 4 4 o
BE A Y=0.003 6 X—0.012 2, R?=0.996 1, &Mk
6l 1~500 ng/mL; WIMERZ Y=0.002 9 X+0.033 3,
R*=0.992 4, £MEJEH 5~1 000 ng/mL; X &8
Y=0.0010X-+0.0049, R2=0.997 5, £ 4~800
ng/mL; FIZEER Y=0.002 1 X+0.009 8, R>=0.992 3,
LR PRV 4~800 ng/mL; 1L ZSM}-3-O- 25 HitF Y=
0.001 1. X+0.0030, R2=0.9917, ZityER 1~500
ng/mL; 1145/ Y=0.0009 X—0.004 1, R>=0.9995,
LTI 1~500 ng/mL; &4 7 bRk th Ze A0 ¢ R 4K
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R>90.9917~0.9995, LMK RMNRE, FFaEMHE
mE B MThRAE. EE RGP w4 E
WL TR FEAN E S R ER, 6 Fhssr H A HEm
¥ITE 90.77%~107.26%, HP RSD<11.15%; H I
TR A5 92.10%~114.30%, H [B] RSD<<13.83%,
FFRIK 7N 0.96~1.11, RSD N 1.21%~10.27%, #

B[R A 88.96%~112.28%, FEHUAIYZ A RSD
BT 10.60%; 4 MR EIRE T 6 Fiki o ik
AR e M IS 24 h L HARR e E &80 C¥A A
PRAF 28 d K Ra M, S AR A 2 RSD #)<15%
(£ 3), DLEZERRE, MERAFE S 2 AR N AERE
ARt AT E K .

®3 ARMIEF 6 FhoTHEI AR EIELR

Table 3 Methodological validation results of six analytes in rat plasma

, HA HiE (3 d) FEH[E . EWiREN  SUGARME  KiiRoeEt
it . . B35k I A , .

. . R B W /% (&, 24h) HEUEM (=80 C,48)

Ry JTREIRE — - - — o
. MEWIRE/ RSD/ HERARE/ RSD/ . RSD/ R/ RSD/ VEEHIRE/ RSD/ #ERfiEE/ RSD/

(ng'mL) Y2 RSD %l

% % % % % % % % % % %
f2ErTawiny: 1 9439 11.15 92.10 10.76 88.96 10.48 1.10 9.04 96.88 7.34 90.67 7.81 108.56 12.93
BEA 3 9244 537 9298 476 101.01 6.94 1.11 620 102.28 13.43 102.07 3.40 8599 825
250 9239 945 99.16 2.69 93.68 729 1.01 922 99.65 3.44 9884 496 90.58 10.96
400 9740 7.36 10442 266 96.61 6.16 097 292 106.63 459 9651 524 97.83 7.45
INHERR 5 103.91 3.85 99.38 3.92 102.80 8.42 1.06 1027 101.09 3.07 101.16 2.48 90.41 14.71
15 107.16  5.39 107.47 5.42 101.48 9.39 0.98 596 10291 10.40 101.63 3.05 96.54 11.33
500  103.67 6.33 113.60 13.83 97.39 3.73 1.02 4.05 89.87 9.23 100.65 047 111.80 7.65
800  101.78 3.07 100.99 5.82 104.24 10.60 0.97 1.32 90.78 7.22 111.99 9.68 105.74 9.08
A SR 4 103.50 422 101.55 6.77 101.69 1.23 1.00 6.80 109.95 5.62 9624 326 10470 12.34
12 10125 5.62 108.83 7.16 94.51 9.87 1.03 9.35 10442 272 9945 1.34 110.80 11.59
400 100.10  0.64 104.49 422 97.02 576 1.00 4.10 101.70 1.53 99.96 0.03 102.66 5.06
640 10294 223 101.43 0.82 100.00 2.85 1.00 3.25 103.71 1.90 9937 1.08 89.44 11.05
R B 4 90.80 8.04 9836 2.75103.08 2.38 0.97 8.00 9477 291 99.49 542 104.89 12.32
12 97.65 2.56 99.54 230 98.82 438 1.01 9.00 10630 3.96 92.65 7.53 8927 8.54
400 9550 2.27 10037 3.87 99.77 2.53 1.00 6.56 99.85 1.13 99.74 0.81 85.39 14.02
640 96.75 1.89 9931 2.08 9933 7.97 096 3.79 10478 249 9941 133 9670 5.92
i Z5W3-3-0- 1 94.15 5.01 10646 1031 94.16 6.94 1.08 5.83 106.94 13.60 10034 3.46 9333 12.61
EE R 3 10726  9.32 10827 522 9442 835 097 6.44 10231 7.59 9410 571 110.09 532
250 98.15 8.74 98.00 6.39 9895 281 1.00 4.40 9400 8.07 8798 9.09 96.66 5.06
400 98.51 5.18 9834 5.06 99.73 4.57 1.01 2.62 99.53 14.03 9458 3.85 94.18 10.06
Ll 251 1 90.77 6.69 9404 8.61 99.06 2.18 0.99 435 9951 1.95 101.79 6.51 96.54 10.49
3 100.57 1.93 103.62 2.71 99.73 3.67 1.01 6.97 96.05 1096 9241 5.86 101.55 11.88
250 98.98 8.80 93.09 1292 102.11 5.14 0.99 6.96 109.12 639 9270 7.45 101.87 3.14
400  101.34 3.83 9359 582 11228 9.13 1.00 6.66 10221 4.04 100.46 635 89.86 12.13
BHIRR 4 96.55 5.26 10544 7.52 98.47 220 1.00 121 103.17 3.64 95.17 5.62 105.87 11.04
(s 12 101.50  3.28 109.74 828 96.79 3.44 1.01 2.99 10475 225 9585 3.06 11023 6.51
400 97.17 230 9825 227 101.02 3.47 099 4.11 9860 132 9859 1.09 9594 9.57
640 101.55 123 11430 12.08 10243 6.74 0.99 1.78 9992 0.81 9720 3.15 113.48 13.24
2.6 LLAEMFRAY IONIRA ST R UPLC- 58, S yroREqi (). IF 6B TR TR

Q-TOF-MS FEANS L1 S K R 45 245 J5 25 2 LAY b
BT RO 08T o FLSE 5 16 MLy o i — 2B L
PR B B 18] SRS B T o L, 78 KRR i 2R e 3R AG 6 A
NG (B D, 5l IR e (g AL ik
B S EEIR. PR (L Em-3-0- =&/ 510

AN T 7 R 4 e 5 B LR 4. DA
1 A, fE S TR AR M —H] ST 3T
m/z 611.178 4, BSI-MSF Kl 2| F#8 F 28 743 3N
m/z491.120 1 [M—H—C4HgO4] "« 371.062 6 [ M—H—
C4HzO04—C4Hz04]+ 353.052 1 [M—H—C4Hsz04—
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A, B-total ion chromatogram of CF in positive, negative ion modes; C, D-total ion chromatogram of CF in rat plasma after administration in positive,

negative ion modes; E, F-total ion chromatogram of blank plasma in positive, negative ion modes.

&1

LI F R T TN MLAL 5 B RIS

Fig. 1 Mass spectra of chemical components and blood components of CF

FT4 dHRUERSFNIMKSEE

Table 4 Identification of chemical constituents and blood components of CF

L o®OEET O fET o AL . w EET RET e Nl
J£5 min () ) BEdR AT W 75 mn ) () BEdR AR W
1526 6131790 611.1784 BELIEHEQEA CoHnOw + | 9 738 - 1930539 f§E’ CiHiOs  +
2 534 - 353.096 0 4G5I CigHisOs = | 10 7.87 595.168 0 593.164 6 1L ZE]-3-0-EFHEH" CoyHxO1s  +
3569 627.1606 625.1535 quercetin-3,7-0-p-D-glucoside Co7H3oO17 — [ 11 8.00 625.178 4 623.173 6 FFRER-3-0-Fifes fi # CyHnO1 -
4 575 - 179.0371 WmERE" CHsOs  + |12 856 - 447.1020 WIZM-3-0-p-D-WIEEBH CulaOn -
5611 - 593.150 6 AfEHEEA CrHuOis = | 13 20.48 584.2776 582.273 3 safflospermidine A7} 3HIfk CauHaNyOs -
6 641 - 463.008 4 S B H CaHxOr - | 14 23.36 5842776 582.273 3 safflospermidine A7 #Hfk  CsHN30 -
7 683 - 163.0438 WEHELZR CoHsO3  + | 15 2377 - 285.0462 ILZERE CisHiOs ~ +
8 7.7 10452899 10432938 /K4 7% 4 £B' CusHnOx% - | 16 23.89 5842776 582.273 3 safflospermidine A[F 7 4415 CxHiNsOs -

* L5 X AT EXT

* compare with reference substance.

C4Hs04—H01, ZAMRI TN EE T 1 T
C4HgO4 (—120), gk F s 1 731 CaHsO4(—120),
AR 1 207 HO0 (—18) B2, [F i@
PRI AL LU, W 1 R e MR E R MR A

2.1.7  ZLARAE IR AR AR N 23t ¥
IGAUE Y UPLC-MS/MS J7 7% H T 1IEH KR AT ABS K
B IRELAERE it 5 B 6 PRI 53 25 3h W 9T, 1
By 25 - 1Rl ph 2R ILIE 2, 248242 4U0LER 5. M
BT IEEH, ABS BAKER AN MR AUC-
BEFE; ZW AUCo-—« AUCo-i2 E 1IN, TH
BREFEHE (hp) BRZEK, Z5P07E AR P BRs R il

T%o RILAAETOR A I B HIFE R A AT Py
A, WEEMRE Coax B2 FF(K. MRTo- ZEIE
K, B AUC RILEFZNL, HARMISEES
IR Z 5BV . BTERIR 5 111 22 )-3-O- = A B 1 24
BB HAE 2 B2 18 R E AR

e EIREHR VT IR, R RS e s 4R
THIHERR . L REy R A 2 e B, RN IR ¥
BT R A 5L A PRERR . 1L 22 8-3-0-
AR AR MR AT T 5 5 R A R, ey
FICII M, X AR LRI R N 2 KT B T
I ER P, 1225 2R R LFHIE A 4 3 11 25
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2 KR ig AfE 6 HEZEMDMZRE-RIEE (X+s,n=6)
Fig. 2 Blood concentration-time profiles of six major components in rats after oral administration of CF (X + S, n=6)
®5 AR ig4iE (1.05gke™) /7 6 MEBMRTHATNFSE (X+s,n=6)

Table 5 Pharmacokinetic parameters of six major components in CF (1.05 g-kg™!) after oral administration to rats (X £ s,

n==6)
S Y | AUCo-/ AUCo- MRTo-/h  MRTo-w/h tins/h Tmax/h Cnar/
(ngh-mL™") (nghmL™) (ng'mL™")
PRIELAEH IEH 573.301194.84 585811420348 5.35+0.68 5.85+093 3.86+1.74 0.46+0.19 185.86+70.50
BERA A 52777414791 553.48+128.50 5.54+0.81 7.35+1.80 6.93+3.78 0.71+0.33 145.74+48.28
Wi IEH 12.14+2.43 24.3449.61 827+1.66 14.03+3.02 930+3.74 1.75+1.01 2.41+0.75
R 27194444 31.17+7.87 6.86+1.07 1070549 7.44+287 325+172 4.83+1.82°

1EH 352.64+68.68 431.47+123.13

i 282.61 £65.77 442.334+201.75
R ZR TR IE% 462.51+177.58  556.50+260.28

PR 687.41 £234.18 1 069.10+429.25
I Z5/-3-0- 1IE% 171.64+75.89 374.861+94.54
EAFER BA 138.77+£57.19 223.72+73.60
Ll 2= 1IEH 248.42+57.59 292.44+87.01

R 441.54+67.00%*

kol
&

Xt

7.01£1.30 19.23£7.01 10.31£3.64 0.64+0.32 79.87+23.94
9.18+1.85" 21.23+7.33 1547+5.02 0.76+0.30 5226+15.43"
5961134 1232+4.14 991£3.81 0.40x0.15 149.71£54.92
6.141£1.24 19.86%=5.41 13.92£3.69 0.75%0.27 201.42£55.08
10.48+1.28 38.57+7.62 25.18+10.42 0.50+0.17 12.23+£2.75

11.81£1.78 22.504+9.85 17.54+6.57 0.58+0.14
7.86+1.48 12.06+5.05 7.76+£2.50 0.92+0.39 50.68+6.24

747.42+250.52" 8.38+1.78 18.97+7.02 17.06+6.22 0.88+0.24 77.25+12.61™"

9.42+3.06

SE®HAKE: *P<0.05 **P<0.001 **P<0.000 1.
"P<0.05 ™P<0.001 P <0.000 1 vs normal group.

ROV

T Q-Marker Fiiif ] “HReA 1 A RME 1Rk
S8 nrIE” BRI, S5 A ORGSR
WS ZER, R aiema® A MR,
WEGIR PR (1 2W-3-0- =&/ 1L &m
6 N ALLAETE MDA Q-Marker.
22 LB ERRTSENERR

K H UPLC-MS/MS FEARX 26 #LLLAEHE i Hh¥2
A a® A NEER. PSR, (LE5H-3-0-

AP A MIMERR 6 N Q-Marker T & &
M5E o

221 BEASIEBRE & OTEE Sl BRI
PN SRR, PREUTA] . FEE T F N A i v
il B, B 2 E B TN IR AE R R (G
=57, S6) £10.2¢g, FEME, BT 100 mL HE
T, KA 70%H EE 20 mL, 390 W TR
FEEE 30 min, A ZEER, FNEWRITRE, &
5], Yk, ERSRIEW, BB AfeHbREIA, 1R
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“2.1.4”7 TN UPLC-MS/MS ZAFHEREIHT

222 JREFEEAE LEME. K. ettt &
B MFERNER &R RAERER TR, %H
PR AE 70% I EEZS IR AP e T8, taalid s o
B R AT s R RS R A B S T VRO SRR 6
W, B A TR RSD 34<<3.0%:; S A WRALE 04
3764 9. 12, 24h NEENE R BT, 25 [A] OIS TRIAR
RSD 3<<3.0%; 6 {1471 it 25 52 P 0 (g 0 1D
R RSD 2J<<3.0%; Jne IR RE T, iaies
R A NEEEE. FIBEER. LI &MH-3-0-25F i
ULy 255 My 0 b0 M R 1 ~F- 35 [T WA 28 43 3l R 97.86%
98.31%. 100.94%. 102.66%-. 98.89%. 100.19%,
RSD 43514 0.96%- 2.45%- 1.27%- 1.81%- 2.34%.
1.96%. 6 PRl 53 BB At (B T2 3 0l e Bk 4T A 3
BR AY=11488X+7.0X107, R2=0.9991, it

JEHl 6.90~276.00 mg/mL; Xf&HFEER Y=113 761.0
X+5.0X10°, R?=0.9972, &M 0.99~3959.60
pg/mL; WIHEER Y=88 043.0 X+487 241.0, R2=
0.999 1, ZPEVEE]0.31~1244.30 ug/mL; FEEERE Y=
9260.6 X+49273.0, R*=0.9961, Zttial 0.11~
444.00 pg/mL; 1 Z5W}-3-0-2Z=FFEH Y=43516.0 X+
247 512.0, R*=0.999 3, Z&PEyul 1.78~7 102.80
ug/mL; 11Z5M Y=11 565.0 X—77 105.0, R*>=
0.999 1, Z&MEVEH 0.21~826.00 pg/mL; 45K,
BT AEF LR EIREEE NG R R R, DL
JE R G AT ER

2.2.3 246 Q-Marker S ElE K 20 LA AL A
6 L ARy ] A A, I R R
AACEMOER A NEER. FIER. 1L 2H-3-0-%
FHEE . I ZMAIMEER ) &8, R IEK 6.

&6 67h Q-Marker ERHURA RPN E
Table 6 Contents of six Q-Marker in each batch of CF

B B (ngg ™)

FESH/ (ugg™)

W e g O EEAAE gy WOREISO0- VR g 0 A ey WREES-O
HiR WEOERA EEPEE HiR HAEA P
S1 7.7 1.6 16.8 11100.0 940.0 493 S14  10.1 17.6 253 12300.0 840.0 41.4
S2 8.7 7.8 28.3 14000.0 1100.0 56.7 S15 104 14.5 222 13500.0 820.0 38.1
S3 5.8 7.8 13.8 13 100.0 960.0 57.2 S16  11.1 2.9 25.6 12600.0 850.0 41.9
S4 17.6 12.3 29.5 10600.0 1 180.0 89.9 S17 8.7 11.5 21.2 11600.0 860.0 36.2
S5 6.9 11.8 199 12300.0 1100.0 62.3 S18 8.9 2.5 19.6 13300.0 960.0 373
S6 12.5 17.2 31.1 11200.0 910.0 37.5 S19 7.3 13.0 21.5 14200.0 890.0 36.9
S7 9.4 2.8 28.1 13800.0 1110.0 43.9 S20 9.9 13.6 20.8 13300.0 840.0 30.7
S8 8.5 10.2 18.1 14700.0 1000.0 31.3 S21 0.4 0.2 40.9 334 0.8 1.6
S9 10.7 12.9 25.5 12000.0 830.0 33.7 S22 0.1 0.3 38.3 19.3 0.7 1.9
S10 113 14.0 24.1 13200.0 800.0 34.9 S23 0.2 0.9 37.0 33.2 0.7 6.2
S11 9.4 3.0 25.1 10000.0 790.0 39.6 S24 0.8 0.5 38.2 30.9 1.0 7.0
S12 9.8 17.3 25.5 12600.0 880.0 40.5 S25 0.3 0.4 38.2 333 0.7 1.0
S13 9.4 17.6 23.9 12800.0 880.0 40.6 S26 0.2 0.5 37.5 18.5 0.8 1.7

23 AHBEFESSMRABEFRERFURIE

WO (0 =ZHEORET RS (Lab i, &1 1F

A

NEMX LA IS, AR 6
HEH L e (S21~826) VENNTEREA, K
HL IR HL T B R 23 0] 8 i P AR A
T A R AR e S S 6 EE TE a5 25 AL
TEMBCE SR 257, LR, Al EAE 254 5 i
PRTECH) 51
231 TR CBOIER KB LT T RTERE
A L, SPARRRCE TS RS B X
1 e B EBOTPATRE 3 Ik RETMG RS
H AP RS R FRE (L) 48R (0™ 35

B EAARHIE . BT 2480 K Lab BESHITRE
E 5353 (principal component analysis, PCA,
3-A), AR, B S S HLIE S
FERHIEZE R8N B e B TR br S 2 RIEM AL
WAFAERZ X PR Horr, 85 1 sy PC1 5 %51
BRFE )y 68.8%, %5 2 FHI; PC2 J7 ZTTHAE N
29.1%, X F g BT 2 TUBR A P HE A7 o6 R
Pes EEAR A5 B SR HLALH 404 (canonical
discriminant analysis, CDA ) F&75%J 4= F0FE i (2 B 45
P (& 3-B), BIATSPUEsRIEmA e, =/
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®7 AUHRETR Lab &
Table 7 Lab value of CF electronic eye

s L a e L a b

S1 38.6953 21.2011 37.573 8| S14 38.264 1 22.999 5 41.023 7
S2 38.4402 21.088 6 36.455 1| S15 40.171 0 21.923 5 39.666 5
S339.014 7 21.298°9 37.293 7| S16 38.986 9 21.927 8 37.761 3
S4  33.189 8 18.4251 27.759 8| S17 39.0373 21.784 6 39.7319
S5 38.7253 20.904 5 36.116 3| S18 39.122 6 23.162 7 42.433 9
S6 40.100 5 22.298 7 38.901 9| S19 38.274 8 21.836 9 38.026 1
S7 413123 23.2275 45.098 5] S20 39.250 8 21.677 6 39.057 5
S8 39.5316 21.5455 38.423 2| S21 45.049 9 22.509 9 39.455 8
S9 39.041 6 21.978 8 38.189 3| S22 45.354 1 20.9257 37.082 0
S10 40.4513 22.282 1 41.088 4| S23 43.464 9 18.347 5 32.927 6
S11 38.729 6 21.429 5 37.146 2| S24 38.7357 16.091 2 27.610 7
S12 39.439 4 22.442 6 39.847 0] S25 45.7557 22.1289 37.712 3
S13 423027 24.115 8 45.450 2 S26 44.263 1 21.5779 35.782 5

A A EALE 1
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Fig. 3 Electronic eye analysis of PCA (A) and CDA (B) of
Lab color parameters of CF from different producing areas
and inferior products
IEMMALAE S FMhELAE 3 REEARA RIX 7, HETHL

AL B CURFIE BE 8 5 BRELAEAL 95 ™ A 5l o

232 HWFESHNT 7S LRSS B 10 M8
A BB RS, Fom RLREIE 7 55 2 R R )
Ji: WIC. W3C M W5C ¥t 5 HR MUK, H
tH WIC fla 22, W3C SR KIRA R, W5C il
HLETEHY, WSS THTEZE AN, WS
SHAA AN, WIS AT W3S 43 5t 46 4 Al K
FEle s, WIW 5 W2w 25l ksl e LR AL AA #L
ALYy, W2sS MIGTEE. Bk, B, B8 aG IR
. R AERE AR AR 0.5 g, B 40 mL TSl
o, DISUZ PREER S B, T4 60 min J5, 6
FEACPATHERE 3 IR M-S I S 3058 KA i
AR 1s, fRECES TR 80s, HE Ss, FEAMIESR
5s, BEFEVE 200 mL/min, J3H7KAE 60 s. I B
PUTIL RSBV R fae, B TSR vt
FE, C3RMINAE . LA Origin 2024 #AEHHT PCA %4
K. 255 (4 F1k 8) R, (R WIW. WSS,

A wiC
W3S w5S
S e
e
—— PR
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~ |
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Fig. 4 Electronic nose analysis radar chart (A) and PCA
(B) of CF from different producing areas and inferior

products
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Table 8 Results of different sensors of CF electronic nose

e

eI

WIC W58 W3C W6S WSC WIS WIW W25 W2W W3S

4%

WIC W5S W3C W6S WSC WIS WIW W25 W2W W3S

10292 47712 1.0491 0.9519 1.0469 12716 3.900 1 1.1002 3.386 5 1.0172
1.004 8 3.4779 1.0294 09592 1.028 8 1.408 5 3.4300 1.1650 3.156 2 1.043 4
10495 3.9415 1.0672 0.9413 1.0627 1.1250 4.0936 1.030 0 3.705 4 1.004 6
1.0551 3.080 0 1.0657 0.9415 1.0578 1.0034 3.1448 0.965 7 3.068 6 0.986 7
1.0356 3.9472 1.0525 0.9802 1.0474 12321 3.5049 1.088 4 3.2026 1.0130
10996 3.0235 1.099 8 0.9277 1.084 8 0.9532 3.1936 0.9023 3.2029 0.946 1
1.0283 4.7073 1.0535 0.998 7 1.0529 1.4645 3.926 5 1.1802 3.5121 1.021 6
0.9982 5.7108 1.024 7 1.001 4 1.0255 14322 44461 12120 3.8771 1.0483
10128 44949 1.0432 09769 1.0444 14360 3.7216 1.189 7 3.4139 1.038 8
009580 5.8290 0.97350.9908 0.9826 1.5194 47062 12057 43911 1.061 4
1 09644 5.0385 09781 1.0023 0.9840 14414 44936 1.1731 41877 1.050 6
209701 4619509807 0.9599 0.9850 1.3548 3.7593 1.1174 3.586 2 1.040 7
309726 5.8821 0.9819 1.0223 0.9857 1.566 1 4.804 8 12133 4.1054 1.038 2

§20
S21
2
S23
S24
§25
§26

09722 59379 09817 1.0193 0.9823 14241 4.626 4 1.164 6 4.0380 1.0323
0.9812 4.6368 0.9882 0.9934 0.9903 1.4069 3.8872 1.1383 3.5934 1.023 6
0.9885 6.3352 0.9893 0.9487 0.9893 1.3033 4.1821 1.086 2 3.854 0 1.008 5
1.0094 4.704 8 1.0217 0.9673 1.0205 1.3002 3.786 7 1.098 1 3.574 6 1.015 5
1.0098 5.1554 1.0196 0.983 4 1.0198 12718 4.0494 1.099 7 3.705 9 1.018 0
1.0119 42308 1.0206 0.983 6 1.0228 12296 3.5334 1.0772 3.3653 1.0124
1.0179 3.6826 1.0368 0.968 5 1.0356 12482 3.710 1 1.094 0 3.5354 1.0213
1.0396 3.309 7 1.064 9 0.9327 1.066 1 1.2304 2.9603 1.076 5 2.914 1 1.0309
1.026 0 3.2878 1.0506 0.9533 1.0493 12992 2.958 6 1.1154 2.639 8 1.034 8
09923 44833 1.0077 0.9347 1.0072 1.4207 39151 1.1414 3.1149 1.0276
10028 54529 1.0378 0.9095 1.0444 14755 49814 1.2142 3.8629 1.0642
10217 48995 1.0501 0.9232 1.048 7 1.3957 42210 1.144 0 3.4715 1.0397
1.010 8 4.0374 1.0457 0.9583 1.0483 1.4462 3.5584 1.2118 3.2292 1.068 4

W2W & X 7 FEAS 72 7 1 E E TR A 5. PCA &
KW, FriE 5 AL RERBUN. HRAKE
1E SRR .
2.4 Q-Marker & 25 KB IR KBEEIR
241 “Pil-SR-EET B RA
Spearman FHKZMHTAT 6 MLIAE Q-Marker & & 5 H
FHR L o'\ b"EFESE. 5 10 ML Y
TR R AT, R WK 9 A 5.
TR o ME B, WHERR & R 54 E
a’ BEPELH bR W E RS, RIUNMERR & bk e,
LAeAE A ], ORI, BREaEEOR
A 5 " RE LA, SRR EAAEAR A
TEkE, MR LEB. LEB-3-0-
EEEEHSRE URERENMEL AR -EFSE

R, MRS SRR PR (O EE
RS LR R EIEMR, W& SRS 2,
FER R S . ULRAIHERS . FRERA AR R
A RFMLACL. EEMSCRHER EEZY, Tl
B LIEM-3-O-EFRME R R BN, M0
SEREAG . PR

BT 2GRS E 55 6 Fi Q-Marker & & AH
KIA BT R I, WeS fE 2 SRR . FRHk4 e
R A BFEIEMX, 5XE GRS A
W3C. W5C 5P EEER 03 Tk W2W A 5%
HERETFETME, W3S 51128, 11 2H-3-0-
EERMET R E K. WIC, W5S. WIS, WIW,
W28 5 MEKER S 6 M Q-Marker 378 1 2 HH K1
ARSI R, /M. R SR

=9 e MREMREYSESHFIR, BF2/) Spearman XM D1
Table 9 Spearman correlation analysis of contents of six Q-Markers in CF with electronic eye and electronic nose
FH R HHRTE
R e gy T TEER gy WSO e g T PR gy WENSO
HR OHEERA AP G HORA =R
L* -0.334 -0.324 0411° -0252 -0.547" -0.669" |W5C —0.315 —0.450° 0.304 -0.300 0.159 -0.075
a* 0.394" 0.351 -0.047 0.338  0.048 —0.041 WIS 0.006 0.008 0.162 -0.002 -0.319 -0.216
b 0.441" 0.484" -0.321 0.532" 0.154 0.033 |WIW 0.097 0.109 —0.263 0.142 —0.118 0.013
WIC -0.209 —0.315 0.094 -0.197  0.305 0.084 |W2S -0.113 -0.038 0.123 -0.005 -0.280 —0.276
W5S 0.173  0.117 -0.269 0.199 —0.089 0.020 |W2W 0.365 0.381 -0.447" 0356  0.006 0.114
W3C -0.273 —-0.395" 0.233 —-0.274  0.242 0.029 |W3S -0.241 —0.177 0.314 -0.178 -0.491" -0.476"
W6S 0344  0.534™ —0.522"* 0.587"" 0.245 0.257
"P<0.05 "P<0.01.
*P<0.05 "P<0.0l.
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W R fgie  xEER REaLE  LER LEH-3-0-
BERA EEEE
Spearman’s
r
W 1.0
l 0.5
Ry B2 0
Ix
I -0.5
A IR -1.0
= = fuHRME

"P<<0.05 P<0.01
"P<0.05 "P<0.01

5 OiEd 6 MREFEMZESH TR, BFEM Spearman XM 2 HTE

Fig. 5 Spearman correlation analysis of content of six Q-Markers in CF with electronic eye and electronic nose

fibrts 6 Fi Q-Marker ZEAFERMNCEL, S
L b" e W6S\ W3S A Ias (5 5 A N R AL
ZRE ATE LS OGS R AR, DR A R BRI T
DU A i 2 1) TG A e DU B A B S 3
242 AW TEERHMES 6 B Q-Marker & &)
SERTRINEAR  RESLAAEH TRERHIES 6 M Q-
Marker & & )€ B INER, #f—35 R i/ —
Fe[a] ) (partial least squares regression, PLSR) i4T
ZARE R T T REARAR (20 fiLIEM AL
o6 M mate) HREEELERZ R (6 1 Q-
Marker), [Klth, ASEGRH 5 H AR B BIREE,
B OAEEDS Q-Marker 73 IR ST IF) PLSR 27 . F
R (O N BIMETREERE (BESHL. o
b I 10 AN HLT EAE BER A RAE D, FIARE (V) N
Q-Marker &% & . JVH RSN Z IR IR [ED RS
Ay g B EYE RS (variable importance projection,
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