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Differences in chemical components and precise discrimination between Aurantii
Fructus Immaturus and Aurantii Fructus based on maximum information entropy
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Abstract: Objective To achieve precise discrimination between Zhishi (Aurantii Fructus Immaturus, AFI) and Zhiqiao
(Aurantii Fructus, AF), as well as to analyze samples from different geographical origins, using the maximum information
entropy principle combined with total statistical moment analysis and entropy-weighted TOPSIS method, thereby providing a
scientific basis for their rational clinical application. Methods The UPLC fingerprint conditions for 15 batches of AFI and 15

batches of AF were optimized based on the maximum information entropy principle. Total statistical moment analysis was
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employed to compare the two, combined with multi-component quantification and entropy-weighted TOPSIS for systematic
evaluation, the key chemical components that distinguish the two were obtained, and comprehensive scores were calculated to
classify AFI, AF, and samples from different origins. Results Under the maximum information entropy principle, the optimal
UPLC fingerprint conditions for AFI and AF were determined at a detection wavelength of 245 nm. Total statistical moment
parameters revealed significant differences in overall chemical composition between AFI and AF (P < 0.05), with the total
chemical content of AFI being 2.26 times higher than that of AF. Entropy-weighted TOPSIS analysis ranked the contribution
weights (W) of nine quantified components in descending order: neohesperidin > naringenin > hesperidin > eriocitrin >
tangeretin > synephrine > narirutin > naringin > nobiletin. AFI samples generally scored higher than AF, with those from Ji’an
(Jiangxi) ranking highest among AFI and those from Changde (Hunan) ranking highest among AF. Conclusion The established
method effectively distinguishes AFI from AF with high specificity and demonstrates robust discriminative capability for
samples of different geographical origins. Comprehensive scores showed statistically significant differences (P < 0.05),
providing an objective basis for the precise application of these medicinal materials.

Key words: Aurantii Fructus Immaturus; Aurantii Fructus; UPLC fingerprint; maximum information entropy; total statistical moment;

entropy-weighted TOPSIS; neohesperidin; naringenin; hesperidin; eriocitrin; tangeretin; synephrine; narirutin; naringin; nobiletin
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Fig.1 Information entropy (H) of Fructus Aurantii Inmatu rus (A) and Fructus Aurantii (B) at different wavelengths
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Fig. 2 UPLC fingerprints of 15 batches of Fructus Aurantii Immaturus (A) and Fructus Aurantii (B)
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F2 15 HAASIHN 15 fIRFIRYEEN D ERIUTESHR PE

Table 2 Total statistical moment parameters and P values of fingerprint profiles from 15 batches of Aurantii Fructus

Immaturus and 15 batches of Aurantii Fructus

HER HEEME/(uWV-s™) S H/min S5 B HE/min?
ZS1 29 621 553 11.28 40.24
ZS2 31 444 598 11.46 44.06
ZS3 29 667 481 11.37 42.70
754 25705 525 11.20 4595
7S5 27 554 194 11.95 50.22
ZS6 22 813 568 10.65 42.32
ZS7 30526 072 11.88 46.17
ZS8 28 934 952 12.28 55.07
ZS9 30 096 499 11.86 43.19
ZS10 29171 522 10.09 29.84
ZS11 29 665 737 10.16 31.57
ZS12 25 871 999 10.44 31.76
ZS13 21519273 11.13 50.99
ZS14 16 668 946 11.40 53.30
ZS15 21365212 10.39 44.04
ZQl1 10944 615 12.35 60.96
7Q2 9293 748 12.22 56.08
7Q3 6170 084 9.75 37.89
7Q4 11997 361 12.20 50.26
ZQ5 12 280 898 13.34 57.52
ZQ6 13 365 788 12.59 59.63
7Q7 9623 861 12.66 57.91
ZQs8 12 455 216 13.25 57.52
7Q9 11293 795 12.98 53.86
ZQ10 10904 768 10.78 37.08
ZQl11 13101 864 11.75 40.27
ZQ12 12 318 829 11.24 36.24
ZQ13 9 509 968 12.30 51.50
ZQ14 7901 747 12.94 64.05
ZQ15 6956 959 13.13 60.79
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Fig. 4 Similarity spectrum of total statistical moment parameters of different batches of Fructus Aurantii Immaturus and

Fructus Aurantii
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Table 3 Linear investigation of nine components in Fructus Aurantii Inmaturus and Fructus Aurantii

E =275 Wax LR MRl a R R? LR MEVE FE/(ug- mL ")
e N Y=1000 000 X+11 775 0.999 5 75.4~1 508.0
EEIRHE Y=839 104 X-14 875 0.999 3 37.8~378.0
SEA 0N Y=1750 773 X=6 872 0.999 9 78.4~1372.0
il 57 F Y=743 584 X-18 362 0.999 8 722.0~7 220.0
P& R A Y=832 794 X-13 153 0.999 6 59.0~1 180.0
B Y=1783 613 X+16 652 0.999 8 98.4~2952.0
itil-& Y=2 000 000 X—4 282 0.999 9 28.6~715.0
DR R 3% Y=9 000 000 X-113 290 0.999 7 18.9~189.0
& Y=5 000 000 X=24 079 0.999 8 14.8~148.0
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Fig.5 Content of nine compounds of different batches of Fructus Aurantii Immaturus and Fructus Aurantii
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mg/g Al 21.69~52.79 mg/g, FHHAR5E ZS10. ZS11
A ZS1 B B =, N 184.96. 184.59. 179.82
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KUWAED) SRR FEE R &Y &R 2.53
o WL TIPS &, ARSBTiE B
S B B ARG B T S B 3.43 s RS
B R P35 B B AR ek B 1P 408 I 2.90 fi s
FRSIEA B 373 B 2 AR el B 3R T3 & 21 2.79
5o AV I7 3 SRR S 3 & BN AR SR
237 fi5.
2.7 15 #ARL5 15 HARF A KEI TOPSIS 7347
271 BLEIFE Pl m=30, n=9 #EH 30 MFE
A, 9 BIPPNFEAR AR SEAR 52 R VP AR RS, VRO
FTRFRBINIE RS, THESTaP H AEABEE REUE
(W) 12, JE% 4,

H AR WHEAR B BORE RS, MEEN, WK,
T8 B A FE AR 0T T 1% 4 SR 1Y) B B 1=y« BH SR 4RI,
9 AN SE BL53 1) W AR o b R >l e 2 > 165 1
H > EROE > M R > 3 IR > E A B E >
MR > BRI 2R o $Eafbe B vl e 22 PR 12
HEF TR X o3 AR SRR S ) S B 22 S 0
2.7.2 TOPSIS EZREVAT 15 H LR AR 2
TRE (Co, CBR, ZiM mEse, Wk s,
BPERI, ARSZRER (ZS1~ZS15) 1) CfH ik v

x4 IMROHIHE W,

Table 4 H and W of nine components

D% H w;
F IR 0.966 193 801 0.101 507 827
ERIRH 0.940 894 023 0.110 978 531
ZEAMR 0.926 150 230 0.087 256 724
il B 0.911 565 534 0.081 729 858
R R 0.924 892 741 0.125 495 454
Wire 0.898 017 966 0.168 396 490
il B2 0.901 496 513 0.156 696 278
JER B 2 0.892 695 695 0.061 679 514
LSS 0.925 030 666 0.106 259 325

TG (ZQ1~ZQ15), X H =% CiHFTM
SEFEA ¢ /556, P<<0.001, LK 6. i FISEAIASE
THEZ AR R ZE S, X 0] RS SR A]
AR AR 7= P A0 A A 2 D) A oG o [ IS 6 AL
TOPSIS 73 HriZnl X o AN A = Hi 2644, K AN [] 7=
NS SRS G TR R i, S5 WK 7. Hh
USPE o3 i i B P2 ORIV P 48 5 e T T B e,
FRFEVE A3 5 5 107 H A g 44 A Tl v L b
3 e

R 55 “F R g v . S, HE Ry
JoT B il = B T B W S gy (o B L R B ED
(37 THE AR 2 MR T3), SRR T 5 AR R 4y
S 35RO B BB EES 2 D DA R U B R IR
PR S R B R 2R AR R B o B B T AR e .
T HERNE R PR HFELGHR A
Wiz H L&A mE . ARSI HET T iER
PEFEHO FR L 5 AR 58 “ [FUR S 8807 14 o kit gt
17500, 15 B E SR AR s R
REBAL; FEIRAF . W RF . /M. M
TR HTR R Ml R R O~ 8y 4
B 5 R SR S S B B Oy~ 8y HE B ARALLBE =y,
M X 28 153 7] e 2 T E 245 2084 1S, RHR T B
Mg B RE . IR, A
A R T T 35 AT R B R D619 R AR A
EI 5 I 288 Bl B0 45 T I G CRel B2 RIS B 3%,
WA MR &M BRI Bk
WA EE IR, 2 WA I 5 B A% B & AR Y
KRy RT3 HT

e SC B B BT H T A BB RN AN o T
AL, BEHEREFEHE I EEENEEEE. 1f
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x5 MALERZTTIHF

Table 5 Ranking of scores of Fructus Aurantii Immaturus and Fructus Aurantii

fit5 D* D" Ci 4
752 0.161 025 415 0.241 315 052 0.636 544 496 1
753 0.136 427916 0.238 935 546 0.605 225 981 2
ZS1 0.164 069 105 0.251 533 485 0.599 778 227 3
759 0.299 342 257 0.067 468 950 0.574 801 547 4
ZS8 0.314942 116 0.041 912 332 0.567 454 446 5
7S5 0.332 594 049 0.017 407 166 0.563 732 516 6
757 0.177 919 165 0.204 333 587 0.547 330 870 7
754 0.164 595 750 0.212 685978 0.534 550 990 8
ZS10 0.185371 576 0.190 801 539 0.528 797 864 9
ZS11 0.272 414 575 0.091 972 245 0.520 559 348 10
756 0.286 070 983 0.085 103 293 0.507 217 372 11
ZS12 0.272 717 441 0.103 756 588 0.426 754 381 12
ZS15 0.177 280 635 0.214 353 393 0.380765 117 13
ZS13 0.176 883 367 0.232 052 444 0.362 594 979 14
ZS14 0.173 382 701 0.234 386 189 0.318 317 740 15
7Q6 0.305 327 065 0.057 532 387 0.275 600 918 16
7Q4 0.282 122 330 0.092 315 824 0.252 402 776 17
7Q8 0.287 508 403 0.085 321 680 0.246 544917 18
7Q5 0.199 707 305 0.224 117 821 0.229 281 225 19
7Q9 0.201 710 035 0.219 009 473 0.228 848 700 20
7Q1 0.226 690 413 0.168 760 342 0.183 933 721 21
7Q7 0.325 953 008 0.030 935 494 0.158 552 813 22
ZQ12 0.310 511 321 0.048 896 803 0.142 875 188 23
ZQl11 0.311 278 197 0.051 887 345 0.136 048 128 24
ZQl13 0.246 868 090 0.140 433 675 0.120 907 643 25
7Q2 0.258 861 523 0.120 877 746 0.117 449 376 26
ZQ10 0.241 038 100 0.148 213 389 0.086 681 117 27
ZQl4 0.308 904 704 0.042 485 797 0.065 008 223 28
7Q3 0.329 001 030 0.022 874 824 0.049 734 586 29
ZQl15 0.336 233 377 0.016 641 059 0.047 158 585 30

A ok B ok
081 F 0.8 —— 04 o
L $ %
- { 03[ ** «
0.6 I f
02 T
S oal
= 0 0.1
02 T 0
Woe s g 2 ¥ o® 5 @
8 E K K o X &
0 S L H B £ E B 2 oE R OE =
s A H B B B B H B B B B
*P<0.05 *"P<0.01 *P<0.001. *P<0.05, "P<0.01, **P<0.001.

E7 AR~HAE A) 5R%F B) iFSHNERMESH

Fig. 7 Differential analysis of evaluation scores in Fructus

6 15IMELE 15 HRFTFoNERE ST
Fig. 6 Differential analysis of evaluation scores between 15
batches of Fructus Aurantii Immaturus and 15 batches of Aurantii Immaturus (A) and Fructus Aurantii (B) from

Fructus Aurantii different regions
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AR S T 4 1) &, RS BE R = S4E
H, fEE, B EE ez G RREE. #
b, AT LA B S SR B A SR i B R i
Ao AW FLHEETAE BB R N RGe Ak T 15
HEARSEAN 15 HEARFE 256 I FE SO SR DU 26 R . 45
RER, DGR R 245 nm, 2 /5-0.01%F R K
TRBCNTBIAH, KRR 35 °C, ABUR 24 0.3 mL/min
IS SR, AE IR RO S BURE b R AL 2
N B A TH B URRAE A 2 AT 84k 22 v o #r, R
W R A B ESTH TS, KR OMAET T
HE AR I M 5w R R AE B K AR SUE B 1) A AL A
B, KRIARSE, #1158 =& 2 [8] AUCT. MCRTT Fl
VCRTT AR R EMZE S, B ES M EAUE 2
SRR, ATRES R AAC P 4 R A B R,
A 2 AR, (HEN VRS ) BAR 2 R )
JE 4k SR FH 2 38 bR B B E AL TOPSIS 43 #i:
T X AR S S AR ) 2 Ry, A e E
SERATIOL ¢ AR5, S5 AR IARR )1 MR R 22 R0 B
Rk, R 7 PR TEAR S R S EE R AR,
TOPSIS 73 A gk — 20 BR BB RG B2 o At B 2 FRE 12
T S5 552 1 1R 70 A2 (X 43 AR S5 R A 1R G
gy, G633 MRS FEM AR S S AR FE RS HELX 43
(U

HH UG AT D, AR SR FE RSO AN [ S 350 1
B2 TR B IR PRI AU G R 2%, T e
ZE AR IR T AR AR K AR kA AR = P
BIASTR B0, YR AAC A i A S 1A TR 2R
FIIREE R RO iz, B e M, RILZH)
2SR, B AMNARASTE; MBI, AR
M TEHRRIE, EIZAEZNASPERT . A= H AR
SRR TR SRS (g g IRERDGIREE) %
S, B MR B AR X 46218
b2 &0 E A TOPSIS 23#fr: 78 5 MR~ HuH,
TP 2 T EAR S i & B, R
Fe e P HIRRAE , 5080 R o A L = M A AR B 2
it (P<<0.05), 591 R 2 WU M AN B ML SRR
FH 7= A7 AE R L B35 22 57 (P<<0.001); 9 /e 44
1S B E  Er A, WIR R BH YLLK Z,
BRI b ERAT B, BUE AR SR A MR I Ak
FRAE, MECABEATWIRAIX 2 o HH 5 HoAl = s S 774
BN R .

RS SRR S AR B N R EmE R =
PCEE PR 38 R 2R A OB R o Al R 38 MR e

5D, [ H i 2 R PP R R, 25 BACHL SR A
M “RIRAER” B CHHRIKED” R . AT
FOTRE T IAMEYE . AR R VL, 4URTTEE,
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