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Study on quality difference of Aurantii Fructus Immaturus from different origins
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Abstract: Objective The quality differences of two origins of Zhishi (Aurantii Fructus Immaturus) were studied by comparing
their characters, extractives, synephrine, fingerprint and flavonoid contents. Methods The quality of Aurantii Fructus Immaturus
was evaluated and compared with that of Aurantii Fructus Immaturus under the items of character, extract and content determination
of Aurantii Fructus Immaturus in Chinese Pharmacopoeia (2020 Edition). Then, the qualitative and quantitative analysis of Aurantii
Fructus Immaturus was carried out by HPLC, and the fingerprints of different Aurantii Fructus Immaturus were established and the
nine main flavonoids were determined. Results There was significant difference in the content of extracts from different varieties
of Aurantii Fructus Immaturus, but no significant difference in the content of synephrine. There was no new hesperidin in sweet
orange immature orange, but the content of this component was the highest in Citrus Aurantii. There was a significant difference in
the content of flavonoids in the two varieties except for tangerine peel (P<<0.05). Through the pattern recognition of fingerprint, the
classification of the two origins of Aurantii Fructus Immaturus was consistent with the distribution of its origin. Three different
components, naringin, hesperidin and neohesperidin were selected by OPLS-DA analysis. Conclusion There are some differences
in the extract content, types and contents of the main components of different origins of Aurantii Fructus Immaturus. The quality
difference research and fingerprint comparison in this experiment can provide the basis for clinical drug selection, new drug
discovery and quality control of Aurantii Fructus Immaturus.
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RSAIGR T 2y, BABASIHER. IREL
SR ThRL. MRAE (hEZH) 2020 R, R
NZEFRHEYIRRE Citrus aurantium L. A Hik %28
T EGETFE C. sinensis Osbeck HIF1E4h A, AS[F) 3
R AR S 20 B S i MR o 20 . & B S T )
TEEZ S, T e 22 e ] 5 35 25 38R A AV
AR HAT, (hEZS) BER B S IR
RIS A M R E ) 2 A EESE AR, A
KU, R S 2R, RHFEE
IUsAy o DRI, AR 5838 G X A () 35 Ji AR S 2 44
2GR E S, B — 2 u il EE ik
R, AT AR O I AR F 24 (08 RO ERGE 2500 K 24
MR B i DR AR o
1 UESHH

sartorius CPA225D MY i 1~ R~F; HH-S8 R4 i
THIR KB QLIRS B RHA R 27D Milli-Q
Synthesis 108 #A4li/K{X; Waters 2695 7 = 20 A
4 KH-500DE AU A adve . JoK HEE.

ToKEE. PR, BEle A4, T b RN
VKBETR (orpral, B 248 BRI R A ); H
. ZfE (faikal, Tedia AF]); XTI M2 304K it
5 110727-201608, &5k 99.9%). HEEH (it
5 110721-201617, JiE %L 96.1%). MR (it
5 110722-201714, FiE5340 93.4%) . Hiks B (it
5 111857-201703, Jii &340 99.2%) FATH E &
AR E A EEMELE (#S
P11N8L48150). # & (b5 CO3F6YL). i &
(#'5 YJI0O603HAL3) . FEittE s (4it5 P14AMGR1).
& (b5 HOOM7K14409). JIFEE &= (kS
H22M8K32109) 1T~ Figii AW AR A w], s
3BT 98%.

S ZGA R4 B B PJOYT . T PURER . YO
27, TUNJEI 4 N, LarhlEzy ke
HERBERA AR EENEEREYMRE C
aurantium L. 2 HAREE AL Fp alEH#5 C. sinensis Osbeck
TR . s R ILE 1.

*x1 #FmER

Table 1 Information of samples

FFe RS R ! KUt | P RERgRS HEJR e SR ]
1 s1 Fers  ERLEAVDE 2018-06 17 T2 Fiip oy HIRITH AV H 2018-07

2 S2 Ters  ERLEAVDE 2018-06 18 T3 Fiipiox E ARSI 2018-07

3 S3 Fers  ERLEAVDE 2018-06 19 T4 Fiip oy HIRITH AV H 2018-07

4 S4 Fers  ERILEAVDE 2018-06 20 T5 Fiip oy HIRITEH AVWH 2018-07

5 S5 Ters ERILEAVDE 2018-06 21 T6 Fiip oy VLG AR 3t 2018-05

6 S6 Fefs YL PHRER B 2018-07 22 T7 Fiip oy VLG AR 3t 5 2018-05

7 S7 Fefs YL PR B 2018-07 23 T8 Fiip oy VLG AR 3t 5 2018-06

8 S8 Fers LU AR 2018-07 24 T9 Fiipioy VLG AR Bt 2018-06

9 S9 Fers  YLPEARA I 2018-06 25 T10 Fiipioy VLG AR Bt 2018-06
10 S10 Fers  YLPEARA I 2018-06 26 T11 Fiipicx LA H 2R T2 2017-05
11 s11 e LSl TR 2018-06 27 T12 Fiig oy VNIRRT R =) 2017-05
12 S12 e LSl TR 2018-06 28 T13 Fiig oy VNIRRT R0 2017-05
13 S13 e LSl TR 2018-06 29 T14 Liigiox VNIRRT a0 2017-06
14 S14 Fers  IiEH A 2018-06 30 T15 Fiipioy LA HZH T2 2017-06
15 S15 fers  IiEH A 2018-06 31 T16 ke WYHVENIPRS e=t 2018-07
16 T1 FrE ERILEAVDE 2018-07 32 T17 LS D91 JE L s - 2018-07

2 HEE%R 790.02 mm) P EHLBIEE LR DI EAT, THE B

21 ARIEFERRITHM KRR

WAL H 5 R AR S AR ()= M () S — G 5
P, STHEBHATHIR 0T, S5 RE 1, FFALE
G5 AL BEALIE Y 6 MUARSE, R R CHEE

SRR F b, S5 RIEE 2. RS, SHAEEL
T o5 L o B WL 20 YDA, 2 PR AR
KM 2 BRI, DBONERIE . BUBIAE, S
o AMINRZBEO R O EUR SR, SPRA I
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A~C-RRFERSE (3= A BRI VDB VLR B VEPE S T8, MBS ILEUN)  D~F-EBse (3 B ERILEA W
AL VCPERER I TLPE R, B S RO
A~C-C. aurantium L. (From Baisha Town, Jiangjin, Chongging. Huangtu Gang, Zhangshu, Jiangxi. Xingan County, Ji’an, Jiangxi. Proportion of pulp
sac is small) D~F-C. sinensis Osbeck (From Baisha Town, Jiangjin, Chongging. Huangtu Gang, Zhangshu, Jiangxi. Xingan County, Ji’an, Jiangxi.
Proportion of pulp sac is large)
1 FEEEMARZ AR
Fig. 1 Characteristic map of samples from different varieties and producing areas

R2 TEEFERRMAIHMUERRSEYVEERE S
Table 2 Percentage of pulp capsule area in cross section area of different varieties of Aurantii Fructus Immaturus

%5 PP EA2/mm R I ELAE/mm B [ 7R/mm? B T 1 A /mm?2 /% A%

S4 7.10 21.52 39.57 363.54 10.89 15.16
7.32 22.44 42.06 395.29 10.64
9.12 25.14 65.29 496.14 13.16
9.98 22.54 78.19 398.82 19.60
10.52 24.48 86.88 470.43 18.47
11.34 26.56 100.95 553.77 18.23
S6 4.50 13.18 15.90 136.36 11.66 13.83
5.38 15.78 22.72 195.47 11.62
3.98 10.26 12.43 82.64 15.05
5.16 16.22 20.90 206.52 10.12
5.54 14.62 24.09 167.79 14.36
6.16 13.72 29.79 147.77 20.16
S11 4.22 13.38 13.98 140.53 9.95 10.65
3.98 12.12 12.43 115.31 10.78
5.06 12.58 20.10 124.23 16.18
3.56 10.68 9.95 89.54 11.11
244 10.24 4.67 82.31 5.68
3.14 9.82 7.74 75.70 10.22
T1 14.36 25.06 161.87 492.98 32.84 45.63
15.44 22.64 187.14 402.37 46.51
14.90 21.36 174.28 358.16 48.66
18.98 24.64 282.79 476.60 59.34
17.76 23.02 247.60 415.99 59.52
12.02 23.18 113.42 421.79 26.89
T8 14.26 24.14 159.63 457.45 34.90 31.17
15.22 25.98 181.84 529.84 34.32
11.96 24.06 112.29 454.42 24.71
11.88 21.10 110.79 349.49 31.70
11.22 22.50 98.82 397.41 24.87
14.24 23.56 159.18 435.73 36.53
T14 8.62 16.22 58.33 206.52 28.24 30.13
9.42 15.72 69.66 193.99 35.91
9.24 18.56 67.02 270.41 24.78
7.66 16.12 46.06 203.99 22.58
10.86 16.64 92.58 217.36 42.59

9.20 17.82 66.44 249.28 26.65
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Fig. 2 Analysis on difference of percentage of pulp capsule
area in samples

g, HUCERARBERME, hREMEEZALEEA
(#) t, BIFEFRE. 2 PR 250 BRI IR
55 ([ 245 4 ) 2020 4F iz R AR S R R A — B
AN[E] = b PR ER RS A ot 5 AR A LA, ER A AR S
FESBIEE &5 Lhih, RO SRR AR R . X — 4%
W CIRIER T —5. FAh, AR = H
FASEFEPMRIR bR, i A AR S T = L A
[F R AR ANAS—
22 REPMIEENE

REVIEER (REZS) 2020 G R R
HYII s v GE I 2201 TR [R5 52 , I 70%
AR BB H A% GR 0832 25 DY7%) A
WA EIK Sy, HETERITER BN . e
RINFE 3, BHWEEZERMESH WE 3. 15 #ILER
PEARSEIIR A P35 0 58.19%; 17 HEFEHFEAH
SEHNIR T8 N 25.12%, B IFF 62 S s
RHEYIT R E (DT 12.0%), {EASFEEFASE
RHEVEEZESHE (P<0.01).
23 FHEMEENE
231 k%A iy Waters X-Brige C1s(250
mmXx4.6 mm, 5 um); AN FEE-BEER S
TR (50 1 50) (EIEERR —E4H 0.6 g, |+ )edbfis
FREN 1.0 g, UKBEEZ 1 mL, /KIS @IEFRE 1000
mL); KK 275 nm; AR RSN 1 mL/min;
FEIE )9 30 °C; BERER 10 pL, FISEEHRE (B
MRIETHED REAMET 2000,
232 NHE SV AE S HUSE IR AR R
&, FWEEME. KEE 30.8 png/mL FIE R,
HIFE

233 PlmiEms g PRSI | g, K

#=3 AREEFEALHMHREMEENE
Table 3 Determination of extract content of different kinds
of Aurantii Fructus Immaturus

FEfhgR 2% FEmdR S 2 1%
S1 56.07 T2 25.38
S2 57.81 T3 24.81
S3 59.22 T4 26.70
S4 64.36 T5 25.12
S5 59.57 T6 26.48
S6 65.26 T7 29.81
S7 65.08 T8 32.23
S8 66.71 T9 25.68
S9 53.08 T10 27.31
S10 54.13 T11 22.09
S11 57.89 T12 22.00
S12 53.42 T13 22.83
S13 53.84 T14 22.54
S14 54.66 T15 22.38
S15 51.81 T16 21.41
T1 27.46 T17 22.79
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Fig. 3 Analysis on difference of leachables content in
samples
Mg, BEHIEHEEMT, R PR 50 mL, #x
EJRE, MIENE 1.5h, A, ERERE, HE
BEAh R IR BTR, FRS), R, HSE ISR
10 mL, ZF, FRIEIIK 10 mL fEvAfE, @id R
etk (60~90 H, 259, W 1.5 cm, Fik3EHD),
FI7K 25 mL Bl WOPEBEIR R, HeRe 2 25 mL 2l
H, IKZEZIEE, R, B
234 JiESEHE O REEWA “2.3.37 BUF il
V10 L, SELEHERE 6 Ik, FFEA — (Ll R v i,
FEHIS IR 04 24 4. 8. 12, 24 h bR, 45
FRIETAR ) RSD B34/ T 2.1%, 1 BAXE A 2 5L
P B T R AT RS BRI E —FE SRy 6
fir, $% “2.3.37 WUT Tyl & sl iw o E
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45 RS AR B RSD AE /N T 3%, RWZTTE
HEMERE; MBI IS B R S
KK 6 47, B:4r 0.5 g, FEE NN S MO R S A L
2 “2.3.3”7 THHAA Sl VAR ) 9% 77 2 AL B S RERE RSN
2R M R Rl %y 98.3%, RSD {H /)
T 2.2%, RYNZITEMEM R G EK .
235 FERIESSR  HUEHARSIRE M, $292.3.37
TRFCH ARSI B “2.3.07 T ig &4k, 0l
G5 RPN B At S SR VRS 10 pl, TR
BB, e IBARIETIA,  DAAMRIETT R
MR . B -FAT 3 17, BREZAEW AL Gill
) 0832 £ Y% Frill 45 A7k 73, 421 vt SERE
PR S R, ARIE 4, FINSGEERNE
AT 4. RIS B, 15 SRR S 9k
WRF35) 5 A 0.490%; 17 HLEH ARSI 2 b AR T
By 0.647%, 7T G 24 SR S5 Sl e 0T A
5E (AT 0.30%). 2 Pk JFAR S b 32 SR AR IR & &
BEEEEER (P>0.05), HAVTrmEm st K
AR AR S AR S B RO A ™ sy
24 HEIERSSENTERYEIENEL
241 @ik BiEHA Waters X-Brige C1s(250
mm>x4.6 mm, 5um); M ALEE (A -0.1%H
BRI (B)s BAFZBEME 26179 0~10 min, 10%~
19%A; 10~25 min, 19%A; 25~27 min, 19%~
30%A; 27~50 min, 30%~53%A; 50~51 min,
R4 FEEFRREGMREHRMNSENE
Table 4 Determination of synephrine in different varieties
of Aurantii Fructus Immaturus

RS FERGS Vi | S OFERGS 2R IAK%
1 S1 0.429 17 T2 0.463
2 S2 0.434 18 T3 0.893
3 S3 0.410 19 T4 0.442
4 S4 0.429 20 T5 0.445
5 S5 0.501 21 T6 0.863
6 S6 0.577 22 T7 1.132
7 S7 0.579 23 T8 1.139
8 S8 0.514 24 T9 1.176
9 S9 0.363 25 T10 0.600

10 S10 0.555 26 T11 0.448
11 S11 0.520 27 T12 0.407
12 S12 0.416 28 T13 0.519
13 S13 0.750 29 T14 0.533
14 S14 0.374 30 T15 0.524
15 S15 0.496 31 T16 0.456
16 T1 0.453 32 T17 0.508

1.04 Hoke

0.81
0.6+

F HpRI%

0.41
0.21

04

~P<0.01
4 HRFEBMIEBERUEONE

Fig. 4 Analysis of content difference of synephrine in
samples

53%~75%A; 51~56 min, 75%A; 56~57 min,

75%~10%A; 57~62 min, 10%A. &l KA 330
nm; EFFEN 1 mUmin; AR89 30 C; #EREE
10 pL.

2.4.2 XTI SER B BCEE AR AR
PR BB R . Ml ER . B ER . ERE R

B R 9 e d =, K#iE, H
FH I P | o AR 2 40 ) 4 103.57..596.00,335.47
968.53. 22.55. 22.97. 6.67. 33.07. 23.34 pg/mL
(PR A5 0t HEL Bt VR

2.4.3 HHASIERIIHIS  BURSSRRY 0.1 9, K%
FrE, BT 25 mL &, A 34 AR,
FEALFR (ThER 250 W, #5i% 40 kHz) 45 min, HUH
A, HEEER, BAE, WEHERE 0.45 um
JERE, BI75.,

244 RMERAREE B “2.4.27 TR ISR
W, AE bR Zed s i KT, KRR G
XTHE AR L mL, & T 2mL &, o EER R
ERZBZE, B KB LRREE, Rk %15
FIASA R IR VR A 6 R SR VA, $% “2.4.17 T
ERE SRS, DUEIAUCAIAAAR (YD), XIS
BIREENRALER (XD, bR h 2 & 8l )3 7 FE,

SR 5.

245 TRFEFFEEE KRR “2.4.37 TN HEAAE
W10 pl, LR 6 Ik, IR — AR, 75
HFI IS 04 24 4. 8. 12, 24 h HEKE, 455 9 Ry
IETHAR ) RSD (/N T 2.8%, RUULISFEHE., it
AR T T R s SRR —FE SR 6 4

& “2.4.37 TN & pea A, R E, o
HAF 9 PR B RSD (YT 3%, KEZITiE
HE MR AEERRECCIE RIS K 6 4, B
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®5 IMMOHLMEXRER 0.05 g, 7 HlFEE I SFER & BAH A 9 Mo
Table 5 Results of linear regression of nine components SHAWE, ¥ “2.4.37 TR TR AR, FEREN R,
s r BV BTG (g mL ) THEAS R P BRI e RSD, S55REEH] 9 4>
EEMEH 09995 Y=2999.1X—1460.3 1.62~103.57 A SEIARE [l R AE 103.5%~94.7%, RSD {347\
Rl 0.9999 Y=3760.9 X410 262 9.31~596.00 T 2.6%, FEHHZ T VEUERG T
BEEH 09999 Y=3458.1X+3604.4 5.24~335.47 246 FEAPEEAES S S EMELS R &4
WK 09999 Y=41116X+19473  1513~96853 VR EE “2.4.07 T (0 G & AR,
&S 0.9999 Y=10943 X+500.67 0.35~22.55 O 5% 25 B R W TR AR, M A v o 2 1 B
BEE 09999 Y=11487X+8658 0.36~22.97 HBAVREE . RS TAT 3 . B2
AN 09998 Y=25816 X—445.27 0.10~6567 GEI 0832 5EPUME) FHIEHIK S, BTt
JIREE 10000 Y=12673X+1354.4 0.52~33.07 ERE N TR R S, SR E 6, T
& 10000 Y=25796 X+1779.8 0.36~23.34 KA 2R LE 5. BiER R, %
*6 ARERERMNIHMHHIRIER A FLR TENE
Table 6 Types and contents of flavonoids in different varieties of samples
FEGS SR AECTR/% RhECTF/% BEECTYI% HRE BT % RS 3/% B8R I% ETRESRII Y JIFRE 3% H5 K 3R /% A%
S1 0.356 9.166 1.152 14.980 0.018 0.016 0.007 0.076 0.018 25.788
S2 0.276 8.416 0.482 14.495 0.026 0.022 — 0.068 0.018 23.804
S3 0.314 9.187 0.733 15.685 0.019 0.016 0.004 0.082 0.021  26.059
S4 0.319 9.501 0.490 14.015 0.016 0.008 — 0.073 0.021 24.443
S5 0.306 8.003 1.082 20.123 0.037 0.036 0.006 0.093 0.023  29.709
S6 0.999 9.895 1.715 13.829 0.159 0.102 0.016 0.285 0.149  27.150
S7 1.099 10.260 1.350 13.854 0.157 0.087 0.016 0.323 0.176 27.321
S8 1.056 9.942 0.990 13.794 0.146 0.103 0.019 0.382 0.202  26.635
S9 0.486 7.212 0.519 13.313 0.047 0.025 0.014 0.208 0.084  21.908
S10 0.476 7.110 0.514 12.704 0.036 0.017 0.014 0.213 0.089 21.175
S11 0.729 4.204 2.857 16.707 0.045 0.073 0.023 0.130 0.073 24.842
S12 1.082 3.841 3.874 17.215 0.044 0.056 0.023 0.126 0.073 26.333
S13 1.138 4.418 3.083 16.418 0.059 0.096 0.026 0.160 0.085 25.483
S14 0.626 3911 2.324 16.956 0.044 0.061 0.026 0.146 0.080 24.174
S15 1.073 4.152 4533 16.218 0.054 0.199 0.030 0.136 0.077 26.472
T1 2.376 0.130 18.176 — — — 0.094 0.232 0.029 21.036
T2 2.188 0.266  19.436 — 0.017 0.026 0.051 0.361 0.154  22.498
T3 2.185 0.123 18924 — — 0.019 0.081 0.198 0.026  21.557
T4 2.138 0.094  18.607 — 0.008 0.012 0.076 0.181 0.024 21.139
T5 2.364 0.127  19.824 — — 0.015 0.087 0.212 0.028 22.657
T6 1.676 0.424  24.400 — 0.021 0.043 0.022 0.471 0.257 27.313
T7 2.167 0374  21.298 — 0.013 0.045 0.026 0.477 0.250 24.651
T8 2.460 0.433  18.267 — 0.009 0.024 0.026 0.527 0.260 22.007
T9 1.744 0.426  23.949 — 0.010 0.054 0.021 0.486 0.265 26.957
T10 1.947 0.405  23.303 — 0.010 0.045 0.025 0.484 0.263  26.482
Ti1 1.755 0.088  18.283 — 0.011 0.038 0.060 0.141 0.020 20.396
T12 2.096 0112 21.322 — 0.013 0.041 0.065 0.152 0.023 23.822
T13 2.565 0179  26.061 — 0.014 0.073 0.085 0.194 0.026 29.198
T14 1.907 0.074  18.689 — 0.011 0.018 0.061 0.143 0.021 20.924
T15 2.002 0.092  20.580 — 0.012 0.041 0.066 0.152 0.022 22.968
T16 2.006 0.318  14.069 0.154 0.017 0.016 0.083 0.201 0.028 16.892
T17 1.978 0310 13.710 0.140 0.017 0.016 0.082 0.197 0.027 16.478
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Fig. 5 Analysis of difference of content of main flavonoids in samples
PERASE LS T 9 M e B 2R B s T AR AR S A 12
Brr= B VU JE PR B 2 MFERAL, HoRr i ‘
PR R AR S rb AL 5 T RGBT B I 8 A e 2 R 10
7r. HERPEARSZULWTRE Bt mh B, BB “
SRR LS AR, A l .
e = AN 1 [ 19
FEE L IR 2 b A B . 2 A BB AR HINEI L R v
B AL B A B AL, HAR T K B & B A7 5 w [P
HERENEZR (P<0.05), &¥HEEHSEFAESR
EME2R (P<0.05). ‘1'1 6 102
iy » IR ALY N 7 13 »” 8

247 JROURHITEEEE ETIL “243” T “ [ A
PRI 10 pL LR 6 X, FRILR]— bl i 0 10 20 30 40 50 60

W, HERRHIIG 0. 2. 4. 8. 12. 24 h HEFE,
FRE S FREL A —FE SRS 0.1 g, 1% “2.4.37 TR 7k
[ )45 6 40 B IR IR, LIRS R 2
FRUEE, U5 A U ) R XTI T AR R St 0 T A 1
RSD. S5 EIR, MRS 9 MO 5
) AT PR B I ] & A WA I I AR 1) RSD
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Fig. 13 Cluster heat map
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