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Quality Evaluation of Aurantii Fructus Based on Fingerprint Qualitative Analysis,

Multi-component Quantitative Analysis and Chemometrics
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[ Abstract] Objective: To establish an integrated method of fingerprint qualitative, multi-component
quantitative analysis and chemometrics, and to evaluate the quality attributes and differences of Aurantii Fructus
from different production areas and origins. Method: Analysis was performed on COSMOSIL 5C,-MS- I
column (4.6 mmx250 mm, 5 wm) with the mobile phase of acetonitrile-0.2% phosphoric acid solution for
gradient elution (0-4 min, 19%A; 4-5 min, 19%-21%A; 5-18 min, 21%A; 18-19 min, 21%-28%A; 19-
27 min, 28%A; 27-28 min, 28%-40%A; 28-36 min, 40%A; 36-37 min, 40%-50%A; 37-42 min, 50%-
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60%A; 42-46 min, 60%-95%A; 46-55 min, 95%-100%A) , the flow rate was 1 mL-min"', the column
temperature was 30 °C, the detection wavelength was set at 320 nm, and the injection volume was 10 wL. High
performance liquid chromatography (HPLC) fingerprints of Aurantii Fructus from different production areas and
origins were established. Then, the quality of 26 batches of samples was evaluated by cluster analysis (CA) ,
principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA). A
method for the determination of 12 components was developed and verified, and a thermal map-based CA of
Aurantii Fructus from different production areas and origins was carried out based on the content difference of
samples. Result: The fingerprint and determination methods were well verified. The similarity of HPLC
fingerprint of 12 batches of Aurantii Fructus was 0.85-0.996, 20 common peaks were calibrated and 14 of them
were assigned. The resolution and linear relationship of 12 components in quantitative analysis were good. The
recovery rates were 99.2%-101.0% with RSD<2.0%. The results of CA, PCA and OPLS-DA indicated that the
differentiation of Aurantii Fructus in different production areas was great, and there were differences among
different cultivars. Conclusion: The qualitative analysis of fingerprint and quantitative analysis of multiple
indexes based on the same chromatographic analysis conditions are convenient, accurate and reliable, and
combined with chemometrics, the identification and quality analysis of Aurantii Fructus from different

production areas and origins can be realized, which can provide reference for quality control and evaluation of

Aurantii Fructus.
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Table 1 Origin information of 26 batches of Aurantii Fructus

R ol e T
S1  VLVEEER 2018-07 #FfE | S14 #HIHIPLiL 2018-07 F i
S2 TLVYHI T 2018-07 Al 7#&| S15 WIF ML 2018-07 7k
S3  VLPGRER 2018-07 Al | S16 WIRIDLIT 2018-08 Al
S4  JLVYH T 2018-07 il #| S17 W% H 2018-08 7k
S5 VLVERER 2018-07 RAE | S18 PUJIIJHLL 2018-08 SHLfE
S6  VLVEHIT 2018-07 WM | S19 MW 2018-08 # i
S7  VLVEEE 2018-07 M | S20 PUJIJHLL 2018-08 S
S8 VLPEEAE 2018-07 A | S21 HKEEIT 2018-07 R
SO VLPGEA 2018-11 SR | S22 HPKEEIT 2018-07 FHHE
S10 #IRPEIL 2018-07 GLiE | S23 HKILEE 2018-07 Al 7#
S11 WIFPLIT 2018-07 KA | S24 #iiT&4E 2018-07 KA
S12 Wi ULVl 2008-07 A | S25 WillL4:4k 2018-07 S
S13 WIm LA 2008-07 R | S26 WilLs4k 2018-07 ik

2 FEE4ER
2.1 WA
2.1.1 IRA XRG4 BRI X BE O
KR E L o3 B T B BC R RE R ; A i
W I b R A5 B RO e T TR R L 36 R R B
6N TR 2535 Al K A R R R BB K
G AR SR R R IR R R .
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5 min, 19%~21%A; 5~18 min, 21%A; 18~19 min,
21%~28%A; 19~27 min, 28%A; 27~28 min, 28%~
40%A ; 28~36 min, 40%A ; 36~37 min, 40%~50%A ;
37~42 min, 50%~60%A; 42~46 min, 60%~95%A ;
46~55 min, 95%~100%A ) , JEFE & % % 10 WL, H i
30 °C, i 1 mL-min™ , & 9% K 320 nm.
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Table 2 Similarity evaluation of 12 batches of Aurantii Fructus from different production areas
i S1 S2 S3 S10 S11 S12 S17 S18 S19 S24 S25 S26 X MRAE LA i
Sl 1.000  0.982 0983 0.943 0.975 0983 0987 0983 0979 0984 0.965  0.951 0.994
S2 0.982  1.000 0.976 0.900 0.977  0.968 0.992 0968 0942 0953 0973  0.973 0.987
S3 0.983  0.976 1.000 0914 0.993 0.989 0979 0983 0947 0959 0986  0.962 0.993
S10 0.943  0.900 0.914 1.000 0.891  0.943 0914 0945 0951 0975 0873  0.850 0.935
Sil 0.975 0.977 0.993 0.891  1.000 0.988 0.977 0.985 0930 0938 0995 0.972 0.990
S12 0.983  0.968 0.989 0.943  0.988 1.000 0976 0996 0956 0.965 0.977  0.955 0.993
S17 0.987 0.992  0.979 0914 0.977 0.976 1.000 0974 0948 0.960 0.972  0.978 0.992
S18 0.983  0.968 0.983 0.945 0985 0.996 0.974 1.000 0955 0963 0977  0.950 0.992
S19 0.979  0.942  0.947 0.951 0.930 0.956 0.948 0955 1.000 0.984  0.907  0.882 0.961
S24 0.984 0953  0.959 0975 0938 0.965 0960 0963 0984 1.000 0.920  0.900 0.972
S25 0.965 0.973 0.986 0.873 0.995 0.977 0972 0977 0907 0920 1.000  0.980 0.984
S26 0951  0.973  0.962 0.850 0.972 0.955 0.978 0.950 0.882 0.900 0.980  1.000 0.971
AR LS 0,994 0.987 0993 0.935  0.990 0993 0992 0992 0961 0972 0.984  0.971 1.000
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Fig. 1 HPLC fingerprint (A) and reference fingerprint (B) of

12 batches of Aurantii Fructus
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Fig. 2 CA of 26 batches of Aurantii Fructus
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Fig. 3 PCA score of 26 batches of Aurantii Fructus
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Fig. 4 OPLS-DA score matrix of 26 batches of Aurantii Fructus
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Fig. 5 VIP values of components in Aurantii Fructus samples
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Fig. 6 HPLC chromatograms of Aurantii Fructus
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®3 BEFLAMERESSEVNENLRESH

Table 3 Linear parameters of 12 components in Aurantii Fructus

& mlE oy 2 R ZMEWEH/mg L
Bt XA ¥=2.3573X+8.6714 0.999 5 0.756~24.2
TE AL M R Y=64.874 1X+1.7922 0.999 4 0.191~6.12
AN AT Y=6.950 6X+2.659 6  0.999 1 0.581~18.6
il B 1 Y=2.938 7X+15.2456 0.999 6 21.5~688.8
A Y=3.041 6X+1.6670  0.999 6 1.35~43.2
B B Y=3.442 6X+10.242 4 0.999 7 17.5~560
KA NEE  Y=34.386 6X-1.3437 0.999 8 0.900~28.8
R A Y=43.560 5X-1.484 9 0.999 9 0.425~13.6
BN TR Y=14.402 6X-1.8374 0.999 9 1.30~41.6
NI B % Y=22.640 4X-1.1995 0.9999  0.659~21.1
1 B % Y=49.837 8X+6.656 7 0.9994  0.275~8.80
LA RIEN Y=14.441 2X-8.402 6 0.999 9 0.700~22.4

0.6%,2.2% , < WAL 505 % B R AT

255 EAEMEIRAE HBOEES SUE R, P 6, %
2.1.2 R J7 ik il RS R, e 2.2 0 AR
FE TP RO AL L X HAY RIS E
1R R BT ORTRS B KGR R TR L R
BE RN TR R B 3R A e 32 RIS Je it 3R 1 19 o
S0y ) A 8.453,0.412,1.335,57.01,3.389,51.03,
2.806,0.388,1.297,2.425,0.753,0.247 mg-g"', RSD
I3 9 2.5%, 1.3%, 2.2%, 0.6%, 0.8%, 0.2%, 0.3%,
0.4%,0.4%,0.6%, 1.0%,2.2% , ¢ W] % J7 1% & & 1
Rt

2,56 FREMEEE PRECHE S S1iE &, % 2.1.2 30
T 5 kA A W, A T A )R 0,2,4,8,
12,24 h#% 2.2 W0F 454000, oH 5 p b 6 £ vy 4
TEAE N R 2575 hil K HF Al R R R A BT R
KGR BN TR B R R BN TR TR B R A
MRS Bz 9h K & 1 B AY RSD 4 Bl 2.4%, 0.8%,
1.1%, 0.5%, 1.8%, 0.8%, 0.7%, 0.8%, 0.6%, 0.5%,
0.5%,1.7% , % WA F I W TE 24 h INERUE PE R 4F
2.5.7 AR EIGRES  FRICHE AL S13R 6 1, A 4y
0.25 g, K& % PR a8 , 43 i ¥ & JU A8 bR A &
100% Jim A H7 A6 & 28 FAF AR TE AL N BR 25 B il 2
T Al R AT R R HTRE KT KA R MR L E R
B RN NFRE R R B ERIES XS
RS R, #5212 00 7 1 o A A R R, R 2.2
B 3 o e = M BB = s (R e < | B = S I
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Fig. 7 Cluster thermal analysis of 12 components of 26 batches of Aurantii Fructus
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