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Evaluation of the quality of Aurantii Fructus by HPLC fingerprint
combined with multi-mode chemometrics
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Abstract:In this study,the high performance liquid chromatography ( HPLC) fingerprint was used to evaluate the quality of
Aurantii Fructus from different habitats. Similarity evaluation, cluster analysis, principal component analysis and orthogonal
partial least squares-discriminant analysis were adopted to analyze fingerprint data. The results showed that 11 batches of Au-
rantii Fructus have 16 common peaks with similarity ranged from 0.992 to 0. 999 ,and the content of 13 chemical components
has been determined. According to the cluster analysis and principal component analysis, the samples of Aurantii Fructus
could be divided into four types. The comprehensive principal component analysis scores evaluated the quality of different bat-
ches of Aurantii Fructus. Orthogonal partial least squares method was used to screen out 4 components with quality differ-
ences , including naringin , narirutin, hesperidin and poncirin. In this study,the method combining the HPLC fingerprint of Au-
rantii Fructus with chemical measurement was simple and accurate, which could provide references for the quality control and
evaluation of Aurantii Fructus.

Key words : Aurantii Fructus; HPLC fingerprint; quantitative analysis ; chemometric analysis
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Table 1  Information of Aurantii Fructus

i g R BB At
No. Production place Mesocarp thickness( cm) Variety
S1 TLVEHT T 0.6~0.9 ELRE
s2 pAw] 0.4~0.9 R
33 WL 0.5~1.0 FARTE
S4 Wi 0.5~0.9 ferede
85 IR UEIT. 0.5~0.8 el A
$6 R DCIL 0.4~1.1 i
S7 ) e oA 0.6~0.8 B
S8 ) B U 0.7~1.1 fRAeTE
89 IR A 0.5~0.7 0 i TR
S10 187 P 0.5~0.8 o iy s
St1 iRk 0.7~1.2 2 R R
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Fig. 1 Pictures of Aurantii Fructus
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Fig.2 HPLC fingerprint of Aurantii Fructus
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Fig. 3 Control fingerprint of Aurantii Fructus
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Table 2 Similarity evaluation results of Aurantii Fructus

B it ARRLEE R b AL
Sample Similarity Sample Similarity
S1 0.997 S7 0.992
S2 0.993 S8 0. 996
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2:5% 2 ( Continued Tab. 2)

FEih AR i AHABLEE

Sample Similarity Sample Similarity
s3 0. 997 9 0. 997
s4 0.997 S10 0.997
S5 0. 998 s11 0. 995
s6 0. 999
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Fig.4 HPLC for reference substance (A) and samples (B)
T 2R BT 5 2B U 36 BT s 3-25 A Ml T s 4 -l KT 5 S BT s O3S BT 5 7- MR T 5 8 Al B2 3% 9-ME BE 3R 5 10-#8 B N 5 11N R B3R
124 fz ;13-4 f2 i & . Note; 1-Eriocitrin ;2-Neoeriocitrin ; 3-Narirutin ;4-Naringin ; 5-Hesperidin ;6-Neohesperidin ; 7-Poncirin ;8 -Naringenin ;

9-Hesperitin ; 10-Meranzin ; 11-Nobiletin ; 12-Tangeretin ; 13-Auraptene.

2.6.2 KMHXFER R AAFBERRIE  C R T AR . LA o0 14 o
B2 27 U MR G B ROE  RE 2 A, WRBEEONRRARAR (X)), EAINAS A I IR AR AR AR (Y)
4 5 8 £ .16 fi5 32 5 .64 £5 128 fi5 #%“2. 17T F  IHATLRMERIATTR, 25 R 03K 3,
®3 HUEREFEREXREY

Table 3 Linear regression equation and correlation coefficient

% EcdulEpigis e MG
Ingredient Equation of linear regression Linearity range( mg/mL)

L ERH Eriocitrin Y =13 845X-3.2842 0.999 9 0.001 ~0. 165
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213% 3 ( Continued Tab. 3)

%y MmNy R LM
Ingredient Equation of linear regression Linearity range( mg/mlL)
Bk 35 & 5 Neoeriocitrin Y =15 977X +46. 495 0.999 6 0. 008 ~0. 985
257 Rl Fz A Narirutin Y =16 287X +77.587 0.999 6 0.011 ~1.400
11 J2 F° Naringin Y =18 299X +530.23 0.999 8 0.034 ~4.296
18 iz H Hesperidin Y =9 276.3X49. 304 0.999 2 0.013 ~ 1. 685
18 iz - Neohesperidin Y =22 929X +209. 22 0.999 8 0.024 ~3.038
MEF Poncirin Y=17 133X +27. 143 0.999 9 0. 005 ~0. 700
Hili 2 & Naringenin Y =31 517X +36.234 0.999 4 0.002 ~0. 254
18 Jiz 2% Hesperitin Y =35 358X +14. 308 0.999 5 0.000 8 ~0.097
¥ JZ g Meranzin Y=7136.6X-3.121 4 1.000 0 0.004 ~0. 477
JII ¥4 H¢ 2% Nobiletin Y =12 406X +18.319 0.999 6 0.004 ~0. 454
1% iz 2% Tangeretin Y=15514X-3.916 4 0.999 9 0.002 ~0.208
¥ 12 i 2 Auraptene Y=6503.6X +4.320 4 0.999 7 0.002 ~0. 231

2.6.3 MHEERXE

WRFEZTRRE i (S5) , #4262 37 T9UF il 8 ik
EOVATR L HE 2. 17 I Ak S SLE A 6 I, HEAT
R AT, IE SRR AR SR B SE R
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TR 2R R PR R WS R B
TH P T 04 T AR A RSD 43 i A 0.21% . 0.17%
0.17% .0.09% .0.16% .0.15% . 1.48% . 0.12% .
0.13% .0.12% 0. 11% 0. 08% 0. 08% , < W] (Y #&
T R A
2.6.4 EHMRE

BAHGEZT ML (S5) Ky K 6 4y, BAR PRI 1 g,
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FE2 17 TR A5 S5 I, il Sk ik A, S 2%
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T BT R MO il R R IR R R
B R R ER R R il N TR U4 T AR Y RSD 430 R
0.97% .0.53% . 1.79% . 2.78% . 0.46% . 0.33% .

0.59% .0.67% .0.40% . 1.44% . 1.42% . 0.33% .
0.34% , KW ZITEEE MR
2.6.5 AR

BUARSE 2R (S5) BER SRR, 40 51 0.2
4.6.8.10.12 14 .16 .18 20 22 24 h ikff, JE47 (0 1%
SHT, iE SR L A S R BT AL SE S AT
AR M R A R OB B A MO A
R AR IR R R R Rl R T
PG I T R A RSD 430514 0. 78% 0. 35% 1. 14% |
1.27% .0.34% .0.41% . 1.76% .0.41% . 0.44% .
0.74% 0.45% 0. 40% \0.23% , 3B i i W 7E
24 h NERE T R
2.6.6 AekbEDKFXIE

R B PR 8 O H & 1 AR SERE L (S5) 6 4, 2
0.5 g, 70 A2 I AGE 52X BE VAT, 422, 37 Ji il
AR AT, H 2. 17 TR s S R 5, 3
SRR DR (AT ) BRI 4, 25 Rk
A2 s B4 TSR R

F4 HEERERAWER(n=6)
Table 4  The results of recovery test of Aurantii Fructus(n =6)
- HUEES RO ES
W5 LR VAL AR Vo IR %]fz
. ; Original amount Addition amount Recovery RSD(% )
Ingredient Sample size(g) (mg) (mg) amount e (%) recovery
" " (mg) et rate (% )
X EYRAT Eriocitrin 0.500 0 0.732 0 0.747 0 1.456 5 96.917 1 100. 624 3 2.97
0.500 1 0.744 0 0.747 0 1.468 5 96. 820 2
0.500 2 0.748 5 0.747 0 1.504 5 101.217 7
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%3¢ 4 ( Continued Tab. 4)
W R B R ARt Vo I %ﬁﬁf?
grdint Sample e () O amount Ao amount S T Reeoen gy RSDOR)
g mg (mg) rate( % ) rate( % )

0.500 3 0.750 0 0.747 0 1.5180 102.902 1
0.500 4 0.753 0 0.747 0 1.5195 102. 661 5
0.500 5 0.754 5 0.747 0 1.5255 103. 227 4

FHidb £ X B Neoeriocitrin 0.500 0 1.420 5 1.4100 2.761 5 95.148 5 97.762 9 2.22
0.500 1 1.4235 1.410 0 2.779 5 96. 133 2
0.500 1 1.423 5 1.4100 2.8230 99.1323
0.500 2 1.428 0 1.4100 2.829 0 99.349 3
0.500 3 1.431 0 1.4100 2.848 5 100. 508 7
0.500 4 1.452 0 1.4100 2.8110 96.305 5

ZEF R B2 Narirutin 0.500 0 3.798 0 4.084 5 7.810 5 98.257 5 102. 183 8 2.09
0.500 1 3.8520 4.084 5 8.034 0 102. 380 4
0.500 2 3.870 0 4.084 5 8.064 0 102. 686 7
0.500 3 3.996 0 4.084 5 8.1525 101. 780 7
0.500 4 4.0350 4.084 5 8.266 5 103.597 9
0.500 5 4.0515 4.084 5 8.316 0 104.399 3

il ass Naringin 0.500 2 32.5875 32.6655 64.113 0 96.512 0 96. 570 2 0.15
0.500 0 32.518 5 32.6655 64.071 0 96.594 7
0.500 4 33.070 5 32.665 5 64.3125 95.562 5
0.500 3 32.754 0 32.6655 64.224 0 96. 342 1
0.500 1 32.529 32. 6655 64.090 5 96. 622 2
0.500 1 32.529 32. 6655 64.144 5 96.787 5

& 4 Hesperidin 0.500 5 3.268 5 3.2625 6.688 5 104. 802 4 102. 767 5 1. 16
0.500 3 3.262 5 3.262 5 6.6150 102.739 8
0.500 0 3.256 5 3.262 5 6.5715 101. 609 6
0.500 3 3.262 5 3.262 5 6.6150 102.724 8
0.500 4 3.264 0 3.262 5 6.579 0 101. 564 5
0. 5002 3.2610 3.262 5 6.628 5 103. 163 8

i Bz Neohesperidin 0.500 2 14.910 0 16.177 5 30.898 5 98.833 7 98. 807 4 1.76
0.500 0 14.895 0 16.177 5 31.009 5 99.614 8
0.500 1 14.907 0 16.177 5 31.072 5 99.920 6
0.500 3 14.917 5 16.177 5 31.029 0 99.583 7
0.500 4 14.934 0 16.177 5 31.041 0 99.557 5
0.500 5 14.940 0 16.177 5 30.363 0 95.333 9

A% Poncirin 0.500 0 2.4015 2.428 5 4.924 5 103.865 1 101.787 2 2.92
0.500 2 2.404 5 2.428 5 4.878 0 101. 807 6
0.500 2 2.404 5 2.428 5 4.839 0 100.243 0
0.500 4 2.428 5 2.428 5 4.897 5 101. 670 0
0.500 3 2.416 5 2.428 5 4.806 0 98.338 1
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%% 4( Continued Tab. 4)
s b EAR AR Mo I %ﬁﬁf?
Tngredient Sample size(g) O”g"(“i :;10””‘ Add"?’;;’"””"‘ amount Ef:gj;ri recovery RSD(% )
(mg) rate( % )

0.500 5 2.430 0 2.428'5 4.975 5 104.799 1

H % Naringenin 0.500 2 0.156 0 0.171 0 0.334 5 104. 467 1 99.946 5 2.31
0.500 4 0.163 5 0.171 0 0.336 0 101.103 1
0.500 3 0.162 0 0.171 0 0.3315 100. 107 1
0.500 5 0.165 0 0.171 0 0.334 5 99.468 6
0.500 2 0.156 0 0.171 0 0.3255 99.007 6
0.500 2 0.156 0 0.171 0 0.3195 95.5259

15 7 % Hesperitin 0.500 2 0.063 0 0.060 0 0.120 0 95.5110 97.250 4 2.92
0.500 2 0.063 0 0. 060 0 0.120 0 96.780 3
0.500 2 0.063 0 0. 060 0 0.120 0 96. 043 3
0.500 3 0.064 5 0.060 0 0.1215 98.417 7
0.500 3 0.064 5 0. 060 0 0.123 0 98.711 9
0.500 3 0.064 5 0. 060 0 0.123 0 98.038 0

1 7 S Meranzin 0.500 3 0.100 5 0.0915 0.189 0 96.877 8 98.007 5 1.37
0.500 2 0.099 0 0.091 5 0.190 5 100. 166 8
0.500 2 0.099 0 0.0915 0.187 5 97.514 3
0.500 2 0.099 0 0.0915 0.187 5 97.368 1
0. 500 0 0.097 5 0.091 5 0.187 5 98.390 9
0.500 0 0.097 5 0.0915 0.187 5 97.727 3

JI B}z 2 Nobiletin 0.500 4 1.300 5 1.2810 2.628 0 103.597 5 104.159 3 1.19
0.500 1 1.276 5 1.281 0 2.604 0 103. 688 0
0.500 2 1.278 0 1.2810 2.619 0 104. 634 7
0.500 3 1.2855 1.2810 2.622 0 104. 268 4
0.500 0 1.2750 1.281 0 2.620 5 104.961 9
0.500 0 1.2750 1.2810 2.605 5 103.805 5

1% fiz 2 Tangeretin 0.500 0 1.3290 1.3290 2.628 0 97.819 4 100.292 5 0.53
0.500 2 1.3410 1.3290 2.707 5 102.827 2
0.500 4 1.350 0 1.3290 2.676 0 99.833 0
0.500 3 1.348 5 1.3290 2.6835 100. 447 8
0.500 1 1.3380 1.3290 2.652 0 98.917 5
0.500 0 1.3290 1.3290 2.683 5 101. 909 9

18 32 Auraptene 0.500 2 0.5235 0.478 5 0.987 0 96. 546 7 98.332 4 1.01
0.500 0 0.516 0 0.478 5 0.988 5 98.468 8
0. 500 0 0.516 0 0.478 5 0.990 0 98.715 2
0.500 1 0.519 0 0.478 5 0.988 5 98.155 2
0.500 1 0.519 0 0.478 5 0.990 0 98.533 6
0.500 0 0.516 0 0.478 5 0.993 0 99.575 1
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2.6.7 HBAHTMNE
FREC 1T (AR SERE SR A, 22 2. 27 T 5 ¥+l
M ST R W A A W 10 L, F

“2. 37N @A AR FREATINE , TR A P A
B i (R TR AT AR IR S .

£S5 HEGMEHSSENESER

Table 5 Results of multi-component content determination of Aurantii Fructus by HPLC

&1 Content( % )

%
Ingredient s1 2 3 $5 $6 7 S8 %9 810 ST
X ELYRATF Eriocitrin 0.002 0.183 0.013 0.019 0.163 0.162 0.110 0.015 0.133 0. 152 0. 002
Hrdb 26 X HAF Neoeriocitrin 0.053 0.372  0.598 0.639 0.314 0.355 0.253 0.457 0.262 0.195 0. 130
Z= 7Rl K2 Narirutin 0.411 0.872 0.053 0.061 0.854 0.682 0.979 0.039 0.721 0. 857 0. 248
i Ji2 - Naringin 5.143 6.171 5.303 5.291 7.096 5.729 6.424 4.844 5.968 5.754 5.936
18 245 Hesperidin 0.595 0.477 0.619 0.531 0.704 0.662 2.042 0.236 0.766  0.909 0. 454
i Bz H Neohesperidin 3.525  3.061 3.262  3.300 3.241 3.253 4.675 3.208 3.070 3.054 4.227
i1 Poncirin 0.520 0.454 0.083 0.099 0.523 0.487 0.716 0.087 0.444 0.454 0. 196
il iz % Naringenin 0.004 0.034 0.053 0.041 0.034 0.023 0.012 0.018 0.055 0.023 0. 005
¥ Fz 2% Hesperitin 0.008 0.013 0.029 0.022 0.014 0.012 0.004 0.009 0.018 0.013 0. 003
¥& 2 i Meranzin 0.056 0.032 0.077 0.091 0.022 0.019 0.203 0.056 0.074 0.074 0.015
JI| 5 Bz & Nobiletin 0.196 0.224 0.103 0.138 0.289 0.239 0.317 0.086 0.248 0.316 0. 038
% fz & Tangeretin 0.250 0.228 0.054 0.065 0.304 0.249 0.147 0.050 0.219 0.310 0.034
¥ Hz il 2 Auraptene 0.029 0.116 0.115 0.080 0.158 - 0. 153 0. 154 0. 166
- TR T R
Note: “-” means below the limit of quantitation.
2.7 EFUZEHEFHARFHARFZES 3L 2.7.2 ZxosoHE R ZFHH o4
ERAMEERE S0 F 453 BT 5 (principal component analysis ) &
2.7.1 RE5H(HCA) —Ffif i B AR AR 2 AR A D BULA F 5

DAL AR FE 250 v 13 A2 0 & 1 o 78
35 ] SPSS 22 Bl G A, 2R 4 1A 2R 2607
VA, W g~ T k0 B A o ) B 8 R AT AR G IR 2
ST (UL S) o S2RERIT, LIFEES/INT 5 Jobni, 1%
11 yRA5E25 41 73 4 28, S1.S3 .54 S8 O HE—K;
K S2.85.86.,59 ,S10 ROEHE —2;S11 RNH =K,
ST RO,

)
S3
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BS HENREREDN

Fig. 5 System cluster analysis of Aurantii Fructus
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AR IERN R M A 1E 3 O B /D 3 0 ) 43 BT
(orthogonal PLS-DA, OPLS-DA) J&—Fl A W& i) |
BIAHTGEIT I i, Hodme KA A mT DAk [ AR i X
T 53288 Y R AR & 2R 5 B %
SETE—AS RSy, (AR AL B ] SR TR, HLH
ISR e 3 A A5 PR B T AR A R B i s

FEARTE T 13 Bl il s & i 5 A SPSS 22 %
PG, LA RE B RRAEE 5 BT BTk 20 0 H)
SEMCHE X 1L A BGE 2 M E T 805 30T o AR
18 >2 AHRBGRE, 11 ST A 3 A E s, H
FRAF(E A1 =6.315,12 =2.974 A3 =2. 013, 4% fF
AL B TTRR N 48. 576% A2 T TR K 22. 878%
A3 WY TR R N 15. 486% , BRI TR % K 86. 940%
>85% , LT 3 A~ E M TN, HAR AN 5
H 13 AN B 86. 940% (5 B, FLA BLEFIY
RN, 7T DR ARG 255 T i .
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A3 ) = 1o T 2 Bk RO AR R B, R 11
I RGEETM E AR5 LR B3 AT 0BT AR
Iy BB AT PCL PC2 \PC3 R ZE G154k
Rk LR,

PC1 = 0.116BX10.097BX2 + 0.152BX3 +
0.129BX4 + 0.113BX5 + 0.055BX6 + 0.15BX7-
0. 04BX8-0. 077BX9 + 0.045BX10 + 0. 136BX11 +
0. 113BX12 +0. 128 BX13

PC2 = 0.2BX1 + 0.152BX2 + 0.08BX3
0. 04BX4-0.077BX5-0. 272BX6  + 0.006BX7 +
0.273BX8 + 0.243BX9-0. 092BX10 + 0. 127BX11 +
0. 16BX12-0. 032BX13

PC3 =-0.048BX1 + 0.253BX2-0.012BX3 +
0.066BX4 + 0.318BX5 + 0.176BX6-0. 008BX7 +

+

0.192BX8 + 0. 192BX9 + 0.421BX10 + 0.073BX11-
0. 185BX12-0. 052BX13

L84 (F) = 0.48576 x PC1 + 0.71454 x
PC2 +0. 8694 x PC3

BX1 BX2 .BX3 .BX4 BX5 BX6 BX7 .BX8 .BX9 .
BX10 .BX11 BX12  BX13 43 548 3% & B AT Bk
FER BT SRl B AR R R B R
MO Al R 8 R B NER N BR = A
R MBHOMERMF A

W DL R IR U 45 M X 2R B A 4, TR XA
SREERMATHEY (W3R 6) o 155015 D0 R LA 1t X A
ST BTG O, o AT W RO R . A IS
o, W R R 2 A AR B, TR AT

®6 MRERSBTD FEEIRHAE
Table 6  Principal component score ,composite score,and ranking of Aurantii Fructus
'S Ty 1 Fgr 2 F 3 Latar He4
No. Principal component 1 Principal component 2 Principal component 3 Composite score Rank
S7 1.649 3 -0.984 3 2.013 8 1.848 6 1
S5 1.390 1 -0. 496 4 1.3193 1.467 5 2
S10 1.309 1 0.4519 1.230 1 1.382 4 3
S9 1.269 4 0.454 4 1.239 8 1.369 8 4
S2 1.274 2 -0.386 0 1.159 5 1.3512 5
S6 1.224 0 -0.487 8 1.213 2 1.300 7 6
S3 0.916 6 -0.588 5 1.3157 1.168 6 7
4 0.9153 -0.584 4 1.306 6 1.163 0 8
S1 1.120 3 -0.692 6 1.1452 1.044 9 9
S11 1.134 7 -0.900 1 1.304 2 1.0419 10
S8 0.8226 0. 600 2 1. 098 4 0.925 6 11
Retze b 13 Fifb el & A SIMCA 258 3 itig

G, 15 5] PCA 1543 8] OPLS-DA 13435
FVIP B, 4550 WK 6.7.8, 455K, R PCA
H1 OPLS-DA W44 i 1) H AR SR 4, 11 {3 4 it [
FERER R 4 28, HAr B om i 3 , 5 HCA 45—,

GG R EEAERGE (VIP) 3, DL VIP HK T 1
SARAE , TR E R R B Gt X 4 AR bR &
Yy, o i Al B SRR R R AT MAE T T
W13 k2 5 s e R B R B0/ MK Sy < A 2
> AT > AT > MG > B A > Bt
FHAT > BRI F > BRI > iR R > X 5K
T > B NER > B R > iR,

3.1 RENEMMIERE

AL g % 5% T O Rk B WO (50% | 55% |
60% . 65% . 70% . 75% . 80% . 85% . 90% . 95% .
100% ) FEHUSCR , 25 R R W 75% HBESE A i
RO BORBFIE 5 75 % W s R $ U 771 o
3.2 RBMEERFEHIERE

ARSI T L 0. 1% W R K7 WD 2 -
0. 1% WEf/KE W TS R 50, 25 R R 0. 1% B
TR 7K VR Ry T sl P R e Ot P €, 3 W DR T A e, 4
B, AR A9 % FH 285 -0. 1% B FR /K 7 T
A TSN o
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3.3 HERGHMREFMEZHITIE

2 N I 7 vk S 8UE E TS G
REVHEAM 200 AR SRR & 2 ] 9 22 52, T LARIEAE R
LRI EGH R AL BRI AR e o A
FASELRAE S 13 b2 o & 45 R T
A VTN S5 W0 s S B 1P 3 o N T NI o
11 AR FE 25 AR S IR — . AR SR 2 4G
AR TR = ot 5 R — 28, BB AN [R] 7= b 1) A1 5% Jo
AN — A A S s | X B TR YT
WHTLERE TR VLI ARG o X, o S | 4
ARl MRPESR 6 5 G130 HERA M Es AT,
A 1) SLAE R0 B O T B R R R T B R R A
Pl AL TFAARAE , DA R B i Bz 1 (2 B
FIFEAR A7) T 43 7 4 R o] 1, AR ST AN [R]
TROBIRE Kz 7 0 8 1 0 o B Ak — B, B R A R
SURS R A R T AR A e e TR, B
mn AP AR A M T N R 2 —, Bk
VA 3 2 AR G AR Rl SRl ELAR S F 24 D7 s fR A
A 1700 4F R RAE DT s, 248 07 22 YR A AS AT, SRR )
E T DR LG 5 %, 3 L it ol ) SO i 25 S AT
e S KM ARIEBFEMA TIRE A L,
4 Zig

ARSLEG R HPLC SN T 11 A Fe 25 4 B
mn R SRS JT 456 € oA AR LR PR L 5L
G353 BT SRS BT XE 11 3 4550 24 B A iR 4 T o i
VEMY 27 L R AER , ] P AR FC 250 1 256 T i
VA o ANTRD ™ HAR 72 35 A A Rz 5 B RS e 1 o
g3 o HPLC 8 80 EE A 16 AN, 11 i1
FCETA AL R, AN )7 ik Y5 AR 58 24 A T fR 3
R s NER G50 HE2 25 R PTA, W90 ma R Pl P AR 5
CEAAR R, Ul B BT A N VIP (B 25 2L 1]
AL UL VIPAER T 1 bR, 0 e 15 200 2 1 57
1R R R AT 4 D TERAR R .

S 30k

H oo

1 Chinese Pharmacopoeia Commission. Pharmacopoeia of the

10

11

People’ s Republic of China: Vol T (Hr4e A R ILF0E 2
.25 — &%) [ M]. Beijing: China Medical Science Press,
2020.:257-258.

Zhao WL, Guo ZX,Zhang WT,et al. Study on original plant
species and geographical distribution of Aurantii Fructus
[J]. China J Chin Mater Med ( 77 [& Fr 2§ 4% ) ,2018,43;
4361-4364.

He Y]J. Construction of fingerprint and analysis of bioactive
ingredients from Hunan Aurantii Fructus[ D]. Changsha; Hu-
nan Agricultural University (i 4\ k%) ,2018.

Su MS, Shyu YT, Chien PJ. Antioxidant activities of citrus
herbal product extracts[ J]. Food Chem,2008,111:892-896.
Tan W,Li Y,Wang Y, et al. Anti-coagulative and gastrointes-
tinal motility regulative activities of Fructus Aurantii Immatu-
rus and its effective fractions [ J ]. Biomed Pharmacother,
2017,90.244-252.

Guo ZX,Li WT, Li ZK. Determination of naringin and neo-
hesperidin in Aurantii Fructus from different habitats [ J ].
Chin Tradit Herb Drugs( 1 &L24) ,2012,43:1347-1348.
Chen H,Gao M, Luo XQ,et al. Principal component analysis
and discriminant analysis of 12 effective chemical constitu-
ents in Aurantii Fructus from different areas[ J]. Chin Tradit
Herb Drugs( H1%124) ,2019,50 :3433-3437.

Tian F,He XF,Tan ZJ, et al. Study on characteristic chro-
matogram and quantitation method of six components in Au-
rantii Fructus[ J ]. J Pharm Anal ( 254 5308742 :5) , 2020,
40:1090-1096.

Liu YL, Deng GZ,Xian MH, et al. Changes of HPLC finger-
print and main flavonoids content of Aurantii Fructus before
and after processing[ J]. Chin J Exp Tradit Med Form ( [
SH RSk ) ,2020,26:113-118.

Li D,Feng JW,Chen HP et al. The quality evaluation of Psi-
dii Guajavae Folium from different areas based on finger-
prints and hemometrics[ J ]. Nat Prod Res Dev( K&Kk =¥ iF
5 K) ,2021,33.899-912.

Zhao Y, Xie PS, Liang YZ, et al. HPLC fingerprint analysis
and chemical pattern recognition of Aurantii Fructus [ J].

Chin Pharm J( #1[E 22424 75) ,2005,40:812-815.





