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HPLC fingerprint and multi-components determination combined with chemical
pattern recognition to evaluate quality of honeyed Farfarae Flos
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Abstract: Objective To establish the HPLC fingerprint and multi-component quantitative analysis of honeyed Kuandonghua
(Farfarae Flos), and chemical pattern recognition technology was used to evaluate the quality of honeyed Farfarae Flos. Methods
HPLC and Similarity evaluation system of traditional Chinese medicine fingerprint (Version 2004 A) were used to establish the
HPLC fingerprints of 53 batches for honeyed Farfarae Flos, at the same time, the contents of 14 active compounds were determined.
chemical pattern recognition technology was applied for evaluating the quality of 53 batches for honeyed Farfarae Flos. Results
The HPLC fingerprints of honeyed Farfarae Flos were established. A total of 24 common peaks were calibrated and 14 of them were
identified. The similarity were 0.763—0.997. The samples were divided into two groups by cluster analysis (HCA), principal
component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA). PCA analysis indicated that the
cumulative variance contribution rate of the six principal components were 82.457%. Six quality differential compounds were
presented in the fingerprint by OPLS-DA, including isochlorogenic acid B, isochlorogenic acid A, isochlorogenic acid C, chlorogenic

acid and rutin, and so on. The content determination results showed that there were obvious differences in 14 chemical components
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of honeyed Farfarae Flos from different batches. Results of cluster heatmap analysis showed that 53 batches of honeyed Farfarae

Flos could be divided into two categories. The contents of isochlorogenic acid A, isochlorogenic acid B, isochlorogenic acid C,

quercetin, rutin, chlorogenic acid, cryptochlorogenic acid in the first group were higher than the second group and isochlorogenic

acid A, isochlorogenic acid B, isochlorogenic acid C, rutin, and chlorogenic acid are all different components of OPLS-DA screening.

Conclusion In this study, the established HPLC fingerprint and multi-component quantitative analysis with chemical pattern

recognition technology are stable and sensitive, which can provide a reference for the quality evaluation of honeyed Farfarae Flos.

Key words: honeyed Farfarae Flos; HPLC fingerprint; chemical pattern recognition; quality evaluation; isochlorogenic acid A,

isochlorogenic acid B; isochlorogenic acid C; quercetin; rutin; chlorogenic acid; cryptochlorogenic acid
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Fig. 2 Control fingerprint of honeyed Farfarae Flos
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Fig. 1 Fingerprints of 53 batches of honeyed Farfarae Flos S27 0.984
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Table 3 Results of a linear relationship investigation of 14 chemical components
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Bk R IR Y=2X10° X+31 145 0.999 3 0.217 5~1.522'5
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Fasp )5 Y=3X10X+1577.7 0.999 4 0.752 5~5.2675
It iy Y=4X10° X—81 480 0.999 4 0.156 2~1.093 8
T Y=1X106 X—168 902 0.999 1 0.829 5~5.806 5
A7 S Y=2X10° X—129 677 0.999 2 0.453 5~3.1815
R BE PR Y=3X10% X—310 608 0.999 3 0.528 0~3.696 0
FEER B Y=2X10°X—276 910 0.999 2 1.0125~7.087 5
FEREIR A Y=3X10°X—489 884 0.999 4 1.6125~11.2875
SRR C Y=3X100X—424 161 0.999 2 1.2550~8.7850
i Rz 3= Y=6X106X—178 391 0.999 4 0.267 0~1.869 0
IS Y=1X106X+19 072 0.999 3 0.520 5~3.643 5
AT Y=1X10°X+45 003 0.999 0 0.747 0~5.229 0
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t/min

26.6 FEMEENE % “2.17 BUF 7S AR
MVATR, 1% “2.37 TR kSRR RE, 53] 14 A4
FRATVETHIAR, THE & R B g . o HR R RS i £
WL 3, SrEe st R IE 4.

HH3% 4 0] 5, 53 HLERAIET SR B TR,
N 0.015% ~ 0.174% 5 H7 2% J5 R i & 43 N
0.004% ~ 0.055%; %% J5L & i & 70 08 0.003% ~
0.639%; FRsrFRi =408 0.006%~0.054%; Wil
HERR 57 B0 H0N 0.006%~0.036%; 1 T BB Hh
0.094%~0.550%; <22 Bk 1 it & 73 20N 0.026% ~

IR ETER: 2-MGRER: 3-BHIR: 4-FRRGER; 5-IHEEg; o
PTG Tk S-BTELER: 9-FAJEME B: 10-FEEE A;
V-SRI Cs 123 13- 2R W) 14-30%

1-gallic aid; 2-neochlorogenic  acid;  3-chlorogenic  acid;
4-cryptochlorogenic acid; 5-caffeic acid; 6-rutin; 7-hydenonoside;
8-ferulic acid; 9-isochlorogenic acid B; 10-isochlorogenic acid A;
11-isochlorogenic  acid  C;

12-quercetin;  13-kaempferide;

14-tussilagone.
E3 EMEEHR A) EEXERMA (B) HPLC
Fig. 3 HPLC chromatograms of Farfarae Flos sample (A)

and multi-component reference substances (B)
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T4 EREUESENELER (X£5,n=3)
Table 4 Content determination results of 53 batches of honeyed Farfarae Flos (Xt S, n=3)
. & KU %
HETIR Hrak A iR 2R Fagk i iR DnHERR T BT

S1 0.093£0.008 0.0154+0.002 0.412£0.014  0.03630.005 0.006+0.001  0.40340.025 0.096+0.012
S2 0.068+0.005  0.0454+0.002  0.301£0.017  0.0263+0.003  0.007£0.002  0.2984+0.023  0.074%0.012
S3 0.095+£0.006  0.013+0.002  0.353%£0.018  0.036+0.002  0.006+£0.001  0.343+0.027  0.091%0.013
S4 0.094+0.011  0.0124+0.001  0.288%0.012  0.03140.002  0.006+0.001  0.3034+0.023  0.082+0.012
S5 0.085+0.008  0.0154+0.001  0.385%0.015  0.0304-0.002  0.006+0.001  0.3654+0.026  0.084+0.013
S6 0.070£0.006  0.015+0.002  0.393£0.014  0.030+0.002  0.006%£0.002  0.321+0.027  0.073£0.013
S7 0.092£0.008  0.043+0.007  0.333%£0.014  0.027%+0.004  0.006%£0.002  0.325+0.027 0.074%0.013
S8 0.067%£0.005 0.0174+0.004 0.419£0.011  0.03340.004  0.007£0.002  0.40140.028  0.090+0.012
S9 0.051£0.006  0.035+0.002  0.520%£0.013  0.0544+0.004  0.006%£0.001  0.413+0.024  0.108£0.014
S10 0.051£0.005 0.0124+0.001  0.277£0.012  0.023+0.001  0.008£0.001  0.2194+0.011  0.067£0.013
S11 0.060+0.005  0.040+0.002  0.541%0.015  0.04740.005 0.007£0.002  0.55040.023  0.144+0.014
S12 0.081£0.008  0.055+0.003  0.260*0.015  0.026+0.001  0.017£0.004 0.2814+0.015  0.068+0.012
S13 0.082£0.007  0.010+0.001  0.304%0.014  0.026+0.002  0.008+0.001  0.235+0.013  0.064%0.012
S14 0.022£0.003  0.006+0.001  0.174£0.012  0.016+0.001  0.007£0.001  0.156+0.014  0.047£0.012
S15 0.066+0.008  0.0324+0.005 0.339£0.013  0.0394+0.002  0.007£0.002  0.296+0.017  0.079£0.011
S16 0.053£0.002  0.013+0.002  0.351%£0.013  0.025+0.005  0.009£0.002  0.230+0.016  0.067%0.011
S17 0.039£0.002  0.0274+0.005  0.313%£0.015  0.036+0.003  0.012+£0.003  0.3324+0.017  0.101£0.013
S18 0.174%0.015  0.0384+0.007  0.199£0.012  0.0214+0.002  0.007£0.002  0.18040.015  0.048+0.012
S19 0.028+0.003  0.0164+0.002  0.269%0.013  0.0284+0.004  0.007£0.001  0.2724+0.012  0.074%0.014
S20 0.042£0.002  0.015+0.002  0.330%£0.003  0.0214+0.004  0.008+0.001  0.2374+0.012  0.066+0.012
S21 0.069+£0.005 0.030+0.004 0.273£0.013  0.0164+0.002  0.007+£0.001  0.1804+0.013  0.052+0.012
S22 0.096+0.004  0.009+0.002 0.051%£0.012 0.016%£0.002  0.008+0.001 0.208+0.014  0.055+0.011
S23 0.096+0.004  0.004+0.001  0.058*£0.013  0.015+0.002  0.009+£0.002 0.1734+0.015 0.048+0.013
S24 0.035+£0.004  0.005+0.001  0.136%£0.014  0.017+0.003  0.006%£0.001  0.178+0.015  0.047%0.014
S25 0.030+0.002  0.018+£0.002  0.192+0.013  0.026*0.005 0.011+0.002  0.344+0.017 0.110£0.015
S26 0.061+0.003  0.012£0.002  0.122+0.013  0.017%£0.001  0.015%+0.002 0.212+0.015  0.062+0.016
S27 0.061£0.005  0.007+0.001  0.262%0.015  0.021+0.003  0.008+0.001  0.332+0.016  0.079%0.016
S28 0.094+0.008  0.018+£0.002 0.337£0.016  0.029%£0.001  0.008+0.001 0.303+0.016 0.074%0.016
S29 0.111£0.015  0.005£0.001  0.024*0.011  0.006%£0.001  0.009%£0.001  0.094+0.012  0.026+0.011
S30 0.059+£0.004  0.009+0.001  0.003%£0.011  0.008+0.001  0.013%£0.003  0.147+0.026  0.036£0.011
S31 0.126£0.007  0.0284+0.003  0.239£0.016  0.026+0.003  0.013£0.003  0.347%+0.015  0.100£0.015
S32 0.050+0.002  0.006+£0.001  0.061£0.012  0.014%£0.002 0.013%£0.001  0.168+0.024  0.051+0.005
S33 0.053£0.002  0.015+0.002  0.235%0.015  0.025+0.003  0.007£0.002  0.303+0.026  0.073£0.006
S34 0.081£0.005  0.011%£0.002  0.164%0.002  0.020+0.002  0.014£0.003  0.25440.023  0.065+0.005
S35 0.063+0.006  0.013£0.002  0.247+0.012  0.024*0.004  0.010£0.002  0.307%£0.025  0.081%+0.015
S36 0.122+0.011 0.017+0.003  0.639+0.017 0.028+0.004 0.036+0.004  0.336+0.027 0.104%0.015
S37 0.043£0.003  0.010+0.002  0.327£0.017  0.017+0.004  0.028+0.003  0.2354+0.025 0.077£0.014
S38 0.055+0.005  0.0184+0.003  0.180%£0.012  0.0214+0.002  0.007£0.002  0.2184+0.025  0.058+0.005
S39 0.081+0.010  0.006+£0.001  0.168+0.012  0.018%£0.002  0.006%+0.001  0.222+0.012  0.056+0.003
S40 0.106+0.013  0.009+0.001  0.238+£0.017  0.0214+0.002  0.006+0.001  0.2554+0.022  0.063+0.003
S41 0.055+0.008  0.0094+0.001  0.136+0.016  0.015+0.002  0.009+£0.001  0.1714+0.022  0.050%0.002
S42 0.015+0.001  0.012£0.002  0.332+0.016  0.028+0.003  0.007%£0.001  0.370%+0.023  0.106%+0.016
S43 0.027+0.001  0.019£0.003  0.417£0.017  0.032%£0.003  0.007%£0.001  0.441%+0.025 0.122+0.012
S44 0.038+0.003  0.021+0.004  0.428+0.016  0.036+0.002  0.007£0.001  0.4534+0.022  0.127£0.016
S45 0.028+0.001  0.009+£0.001  0.295+0.015  0.022%£0.004  0.009+0.002 0.208+0.028  0.061+0.004
S46 0.028+0.002  0.010£0.003  0.268+0.015  0.022+0.004  0.008+0.001 0.211£0.015  0.063+0.004
S47 0.033£0.001  0.011£0.003  0.293£0.014  0.0224+0.002  0.008+£0.001  0.1984+0.013  0.057%0.004
S48 0.026+0.001  0.0094+0.003  0.346+0.014  0.0234+0.002  0.008+0.001  0.2084+0.014  0.062+0.003
S49 0.016%£0.001  0.006+0.002  0.191%£0.023  0.018+0.003  0.008+£0.002 0.179+0.012  0.054%£0.005
S50 0.025%£0.002  0.009+0.002  0.293%0.013  0.020+0.003  0.008£0.001  0.179%+0.012  0.054%0.002
S51 0.026+0.002  0.0104+0.002  0.320+0.014  0.0244-0.002  0.008 £0.002  0.2234+0.013  0.064+0.003
S52 0.024£0.001  0.008+0.001  0.275%0.014  0.020+0.001  0.008£0.001  0.180%+0.015  0.054%0.003
S53 0.022£0.003  0.007+0.001  0.275%0.015  0.021+0.004  0.009%£0.002  0.208+0.016  0.063%0.002
FHME 0.062 0.016 0.275 0.024 0.009 0.268 0.073

P 0.549 0.000 0.222 0.098 0.000 0.009 0.014
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x4 (8
o) JRE %

P BRI SRR B FLRIR A FLRIR C Wit & 11 ZE iy ARACT
S1 0.033£0.003 1.403£0.122 0.590£0.027 0.461£0.025 0.017£0.003 0.078%£0.013  0.073%0.003
S2 0.034+0.003 1.024£0.130 0.465+0.026 0.351£0.031 0.015£0.003  0.054%0.011 0.072£0.004
S3 0.035+0.003 1.285£0.229 0.590£0.026 0.425+0.037 0.018+£0.003  0.047%0.011 0.076£0.003
S4 0.034+0.002 1.137£0.208 0.476£0.025 0.374£0.025 0.017£0.003  0.048+0.012 0.071%0.003
S5 0.033£0.001 1.308 £0.211 0.548+0.025 0.425+£0.033  0.015£0.002 0.102£0.024  0.070%0.003
S6 0.034+0.001 1.256£0.310 0.553+0.035 0.422+0.025 0.015£0.002 0.056%=0.012 0.070%0.003
S7 0.037£0.001 1.185£0.213 0.484+0.025 0.400£0.035 0.015£0.002 0.062%0.012  0.060%0.002
S8 0.035£0.001 1.462£0.211 0.631£0.036 0.487£0.025 0.016£0.003 0.080%£0.014 0.075%0.004
S9 0.037£0.002 1.729£0.314 0.665+0.025 0.565£0.033  0.019£0.003 0.069%£0.012 0.090%0.013
S10 0.041£0.002  0.850%0.049 0.412+0.025 0.276£0.021 0.013£0.002  0.028+0.002  0.071%0.004
S11 0.041£0.002 1.223+0.150 0.723£0.037 0.437£0.027 0.015£0.002  0.04340.011 0.059+0.002
S12 0.033£0.002  0.854£0.107 0.406£0.035 0.315£0.022  0.013£0.001 0.070£0.014  0.070£0.002
S13 0.032+£0.002  0.884+0.108 0.436+0.046 0.294+0.023  0.013£0.001 0.069+0.014  0.071£0.002
S14 0.037£0.001 0.616£0.098 0.315£0.035 0.203+£0.023  0.010%0.001 0.035+0.011 0.070£0.002
S15 0.039£0.001 1.603£0.123 0.459+0.025 0.479+£0.025 0.018£0.004 0.058%£0.012 0.081%0.013
S16 0.038£0.002  0.891£0.088 0.487£0.016 0.291£0.027 0.011£0.002  0.029£0.005 0.078+0.002
S17 0.035£0.002 1.408£0.111 0.569+0.026 0.462+0.025 0.017£0.003 0.051£0.002 0.071%0.008
S18 0.038£0.002  0.695£0.087 0.309+0.005 0.250£0.024 0.012£0.002  0.048£0.001 0.066£0.002
S19 0.033£0.001 0.869£0.097 0.425+0.024 0.3114+0.027  0.011+0.002 0.047£0.002  0.072£0.003
S20 0.037£0.001  0.760%£0.097 0.497+0.015 0.246+0.023  0.012%0.001 0.038+0.002  0.073£0.002
S21 0.040£0.002  0.655%0.098 0.388+0.022 0.202+£0.022  0.012£0.002  0.029£0.003  0.088+0.008
S22 0.034£0.001 0.472£0.086 0.213£0.026 0.184+0.011 0.010£0.001 0.043£0.008  0.054+£0.005
S23 0.032+£0.001  0.432£0.087 0.220£0.024 0.177£0.025  0.011£0.001 0.047£0.005 0.070£0.002
S24 0.035£0.002  0.605£0.097 0.279+£0.022 0.210£0.025 0.011£0.001 0.052+£0.003  0.057£0.002
S25 0.033+0.001 1.008 +0.088 0.4434+0.022 0.358+0.027 0.016+0.003 0.036+0.002 0.041%0.001
S26 0.035+0.002 0.667%0.087 0.31440.021 0.2394+0.028 0.013+0.002 0.031+0.003 0.081+0.003
S27 0.032£0.001 0.790£0.079 0.449+0.022 0.283+£0.027 0.012%0.001 0.064+0.008  0.037£0.001
S28 0.034+£0.002  1.045%£0.109 0.479 +0.023 0.361£0.025 0.015£0.002 0.069+0.008 0.080%0.003
S29 0.031%0.001 0.15440.108 0.128+0.022 0.0924+0.026  0.009+0.001 0.007%0.001 0.036+0.001
S30 0.033£0.002  0.230£0.105 0.138£0.022 0.1194+0.025  0.009+0.001 0.052+0.004  0.034£0.004
S31 0.034+0.001 1.033£0.107 0.486+0.044 0.387£0.028 0.015£0.003  0.052£0.004  0.04240.005
S32 0.032+0.001 0.44740.086 0.21340.041 0.1844+0.023  0.011%0.001 0.0424+0.004 0.02340.003
S33 0.036+0.001 0.89740.088 0.378+0.022 0.2844+0.027 0.011£0.002 0.048+0.004 0.064+0.002
S34 0.032£0.001 0.689+0.047 0.353+0.061 0.266+£0.027 0.012£0.002  0.039£0.001 0.070£0.002
S35 0.033+0.001 0.99240.088 0.4161+0.042 0.3444+0.028 0.015+0.002 0.061+0.003 0.071%0.002
S36 0.032+0.001 0.87410.088 0.82540.047 0.4274+0.028 0.012%+0.002 0.014%+0.002 0.114%0.014
S37 0.031%0.001 0.6341+0.057 0.5701+0.044 0.3161+0.027 0.01440.002 0.086+0.004 0.121%+0.015
S38 0.03310.001 0.79110.057 0.34140.053 0.2721+0.028 0.01340.002 0.03940.002 0.057%0.001
S39 0.035+0.001 0.906+0.087 0.3334+0.052 0.2934+0.024 0.012%+0.002 0.078+0.002 0.075%+0.003
S40 0.033+0.001 0.960+0.088 0.38440.052 0.324+0.029 0.014%+0.003 0.088+0.008 0.075+0.013
S41 0.034+0.001 0.5601+0.077 0.268 +0.052 0.2154+0.022 0.0101+0.001 0.02940.001 0.0901+0.014
S42 0.034+0.001 1.020+0.079 0.5354+0.082 0.368+0.014 0.014%0.001 0.060+0.002 0.071%0.003
S43 0.034+0.001 1.17240.108 0.6431+0.003 0.4224+0.025 0.015%0.001 0.071+0.004 0.071%+0.013
S44 0.035+0.001 1.313£0.109 0.6661+0.083 0.468+0.039 0.0154+0.003 0.071+0.004 0.077%+0.013
S45 0.034+0.001 0.86410.089 0.4571+0.073 0.275+0.023 0.01240.001 0.044+0.001 0.076+0.013
S46 0.035+0.001 0.9244+0.089 0.4541+0.084 0.288+0.022  0.012%0.001 0.03340.001 0.0771+0.013
S47 0.036+0.001 0.89240.098 0.44240.085 0.29140.021 0.01240.001 0.04240.001 0.0721+0.013
S48 0.036+0.001 0.86910.096 0.4871+0.075 0.278 +0.022 0.011£0.001 0.028+0.001 0.084+0.013
S49 0.036+0.001 0.7461+0.058 0.3831+0.071 0.2334+0.022 0.011%0.001 0.027%0.001 0.079+0.014
S50 0.036+0.001 0.770£0.087 0.4434+0.072 0.2471+0.026 0.011£0.001 0.04240.001 0.0741+0.013
S51 0.03740.001  0.923+0.079  0.486+0.082  0.289+0.002 0.01240.002  0.036+0.001  0.087-+0.013
$52 0.032£0.002  0.825+£0.069  0.436:0.087  0.257£0.025 0.011£0.001  0.020£0.001  0.076%0.003
S53 0.0324+0.002 0.78240.088 0.435+0.086 0.250£0.027  0.011£0.001 0.027£0.001 0.077£0.003
FEMHE 0.035 0.913 0.444 0.315 0.013 0.049 0.071
P 0.003 0.122 0.076 0.028 0.000 0.279 0.000
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0.144%; [l ZREL T & 73 20N 0.031%~0.041%; 4%
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2.7.1 K Hr (cluster analysis, HCA) ¥ 53
LA S 24 AMIF RS SPSS 26.0 #H47
HCA, WK 5. HECFI7EEE Y 20 I, 53 #UAf:
mm AT AR A> % 2 2%, S1~S9. S11~S12. S15. S17.
S25. S28. S31. S36~S37. S39~S40. S42~S44
NEE 128, S10. S13~S14. S16. S18~S24. S26~
S27. S29~S30. S32~S35. S38. S41. S45~S53
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Fig. 5 Results of hierarchical cluster analysis of 53 batches

of honeyed Farfarae Flos

—EZE ST
2.7.2 FE 41450 #1 (principal component analysis,
PCA) ¥ 24 ML IEIETIF S SIMCA 14.1 i
1T PCA, FRUIMFHIEAE e BAR T Z kR MR 5.
BT 6 DERr RARTTRRAIAF 82.457%, FEHHT 6
AR TE R R S S AR 5 R SRR, R
PR A AL R A AR R =

6 ATA1, 2 1 EMr EEARR T 1~17.
19, 23~24; 32 F i FEARK TIE 1. 6. 8~9,
11~13. 16~18. 20~22. 24; % 3 T/ FEAR
FTIE1~2. 7. 9. 13~19; % 4 Tl FEA
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=5 EREZUHERERTFEERBER S ERBKE
Table 5 Eigenvalue and cumulative contribution
N PIUGEHHEE PR A 177 A
Mt T % BT Z TR EY% Bt FHEB W% B E TR E %

1 9.286 38.694 38.694 9.286 38.694 38.694

2 3.711 15.463 54.157 3.711 15.463 54.157

3 2.241 9.336 63.492 2.241 9.336 63.492

4 1.730 7.208 70.700 1.730 7.208 70.700

5 1.657 6.904 77.604 1.657 6.904 77.604

6 1.165 4.853 82.457 1.165 4.853 82.457

<6 EREZEHPVIEETFEHEERE
Table 6 Load matrix of factors of honeyed Farfarae Flos
[lE553 b & W 4 FR . 5 3 2 p p

1 REIES 1 0.967 0.066 0.002 -0.070 -0.074 -0.018

2 SRR 2 0.933 -0.081 0.029 -0.026 -0.14 —-0.074

3 WETER 0.914 -0.060 —-0.234 -0.026 0.226 -0.034

4 IR 0.913 -0.009 —0.087 -0.162 -0.070 0.108

5 R 0.909 -0.171 —0.137 0.022 0.193 -0.073

6  FagERR 0.899 0.139 —-0.016 -0.247 -0.170 0.065

7 UnuER 0.884 -0.041 0.073 -0.019 -0.222 0.152

g8 AT 0.868 0.055 -0.078 -0.351 0.002 0.206

9 ELpkT 0.861 0.127 0.178 -0.017 —0.180 0.022
10 [ugREs 0.749 -0.184 -0.031 0.360 -0.016 —0.349
11 R4JHEEE B 0.633 0.552 —0.044 0.146 -0.033 —0.048
12 REERA 0.313 0.798 -0.115 0.276 0.031 -0.028
13 REEG 3 0.158 0.758 0.121 0.289 -0.080 -0.024
14 REKS 4 0.186 —0.740 0.352 0.104 0.235 0.322
15 REERC 0.283 —-0.708 0.442 0.118 0.171 0.278
16 s 0.083 0.476 0.401 -0.271 -0.075 0.066
17 iz 0.057 0.451 0.737 0.013 0.269 -0.112
18 RENESY 5 -0.154 0.285 0.708 -0.049 0.349 -0.250
19 RHES 6 0.531 -0.047 0.564 0.073 0.089 0.181
20 REIKS T -0.060 0.229 -0.076 0.630 -0.206 0.583
21 EHATR —-0.412 0.439 -0.061 —0.486 0.080 0.436
22 REIKS 8 -0.016 0.497 -0.291 0.103 0.662 0.330
23 REESY 9 0.403 —0.146 -0.261 0.451 0.594 -0.093
24 RETESY 10 0.223 0.021 —-0.284 -0.499 0.536 -0.069

LTS5, 10~15. 17, 19~20. 22~23; %5 &
W FEAR T 3, 5. 8, 120 14~15. 17~19.
21~24; % 6 Flr FEARE TIE 4. 6~9. 14~
16\ 19~22, H PCA 1377 BRI 50, 53 LA S K2
IR, HAER S HCA 4531 EA—5, WHE 6.
2.7.3 1EXMwWA/N 3% (orthogonal partial least
squares-discriminant analysis, OPLS-DA) A T4
UEZH R 7> PR 2= 25 5, FIF SIMCA 14.1
A 7E4T OPLS-DA 43 #7«

##AL[) OPLS-DA % R2X 2y 0.838, R’Y N

0.835, 0?4 0.744, R*HA1 Q> KT 0.5, %M BA
B TRINGE 7. B 7 WA, OPLS-DA 4535
HCA H1 PCA —F. LA VIP>1 JFrutffikd 6 N
BESVEY, AN FRER B. TR AL
REEFERR C. SRR 10 S, 2T, FH 6 ik
SR EEEAFRIRER LA E R, BR4
JRER By FLRRIR A REEERE C. SRR, T
5 AN H R R B SRS AR 2 T 2 S R
A REFZ 0 ILAE VAN SR AL R R R AR R s 45
RO 8.
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A SEIGXF AN Al €8 1% 4 Agilent 5 TC-Chs (250
mmX4.6 mm, 5pum) F1 Waters symmetry Cis (250
mmX4.6 mm, 5um), 4 FRIMHRG (FEE-K

FFEZ-0.1%EER K . ZHE-/K. ZHE-0.1%BERR /KD, 4
A K (2200 240, 254, 365 nm) A1 3 FikE:
I (25, 28, 30 C) AT 785, mA&HE GBIk %&
45 Agilent 5 TC-Cys (250 mm X 4.6 mm, 5 um),
BN CIE-0.1% B R AW, Rl 240 nm,
FEIR 30 CR, MiliediE®, K. o8RRI .
FEINEGREY, FERELALTE & B
BER, HhRaER B Sk, HIKNREE
g A FEJRIR C. SRR 7T, a2,
AT WETIR. LM, PIEER . Fask iR .
W RER . MY R, UNHERR & Rk A SCERiRIE
T FEE T I PR e 5 DR ST, s Bl S L OV ) 45 5
T I o U PR T v LR PR 1 EE AU PR A . 3K
KL FE /KIS IR T, P RE S SO MERR & 2
I, DRI EE SO AR A R g, DARR Ak
BRI Al 45 G RBIE T, FEMTR2 2K, 2
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