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Effects of different processing methods on the contents of the pharmacodynamic index components and
antioxidant activity of Citrus aurantium

WANG Lu', WANG Lixia*, WU Tingting"*, ZHAO Siqing’, ZHENG Meiyu', LU Shengmin' (1. Institute of Food
Science, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 2. Changshan County
Agricultural Characteristic Industry Development Center of Zhejiang Province, Zhejiang Changshan 324200,
China; 3. College of Life Sciences, China Jiliang University, Hangzhou 310018, China)

ABSTRACT OBJECTIVE To study the effects of different processing methods on the contents of the pharmacodynamic index
components in Citrus aurantium and their antioxidant activity. METHODS According to the general principles of 2020 edition of
Chinese Pharmacopoeia (volume IV ) and the relevant processing methods in 2015 edition of Processing Specifications of
Traditional Chinese Medicine in Zhejiang Province, the samples of C. aurantium were prepared by steaming with water, boiling
with water, stir-frying with vinegar, stir-frying with wine, stir-frying with bran, processing with bran and processing with honey.
The contents of moisture and ash in different products of C. aurantium were detected. The contents of naringin and neohesperidin in
different products of C. aurantium were determined by high performance liquid chromatography. The antioxidant activity of different
products was investigated by DPPH and ABTS" radical scavenging experiments and the total reducing power test. RESULTS The
contents of moisture, ash, naringin and neohesperidin were in line with the relevant requirements in 2015 edition of Processing
Specifications of Traditional Chinese Medicine in Zhejiang Province. The content of naringin in descending order was as follow:
unprocessed sample>>sample processed with honey>sample processed with bran>>sample boiled with water>sample stir-fried with
vinegar>sample stir-fried with wine>sample stir-fried with bran>sample steamed with water. The content of neohesperidin in
descending order was as follow: unprocessed sample>sample boiled with water>>sample processed with bran>>sample processed
with honey>sample stir-fried with vinegar>sample steamed with water>sample stir-fried with wine>sample stir-fried with bran.
The samples after boiling with water, processing with bran, and stir-fried with bran had better DPPH radicals scavenging ability

(ICs were 7.49, 8.37 and 10.22 mg/mL, respectively). The samples after boiling with water, steaming with water, and processed

~ — N . with bran had better ABTS " radicals scavenging ability (ICs
A K I T A AR TR PR B IR fE )T i E _ iy
were 1.76, 2.03 and 2.72 mg/mL, respectively). In addition,

(No.2020XTTGZYCO03)
S BYEURRIE B 1L BEE07 10« 26 RO B 14 B9 5 0T compared with sample stir-fried with wine and processed with
% . E-mail: wanglul286@163.com honey, unprocessed sample and other processed products of C.
SRS S5 WS T RS PR T 5 aurantium had better total reducing ability. CONCLUSIONS
I . E-mail: lushengmin@hotmail.com After processing, the contents of the main pharmacodynamic
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index components in C. aurantium have been reduced, but they were also in line with the relevant requirements in 2015 edition of

Processing Specifications of Traditional Chinese Medicine in Zhejiang Province. The antioxidant ability of some processed products

has been enhanced.

KEYWORDS Citrus aurantium; processing; content determination; antioxidant activity

e =B RHAY RS Citrus aurantium L. 5 HA%
AR TR SR S0 PO VLR VL e L
PURARFEH 771, IR O 5 AR SE RIS L
58 S AR 5T 1 32 2L S RLAS . AN SE C. aurantium
Changshan-huyou, PRSI F, &5 LLARAS (9 Tk
BRI (B LAl /N SR )©, T 2015 AR 2% T (il
VLA P2 FITEN Y, S W LA i Nk R 25 b 5
PRz —, FE 7 AL M R L B
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i) U 2015 48 g CHT VA8 H 24 M TR ) M e B A DG
FRAE , 25 SN [A) J i Ty 32 ) s B e 2 8508 s 1 43 (Al iz
RS K1) 52

TSP A R AR R BRI —Fh A
PR3, HLAAR st i 0 M A B R S S0 3 F S A i
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1.1 FEUEE

ME204E #4543 Z — 4 B KV A Mgl -FE 7] 2
RS () A PR W, LG-01 78 25 3 vh 25 b LI [ Hit
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LIR 7w B AL A 38 B R B (b =D A R
F), SX2-2.5-12 R L g Jr i [ b i R Sl A FR 2 H
KQ-500DB RUE #7875 i i e el B B 1L Tl s (A AT
RN ], LC-2030C 3D Plus B i 850 AH (%A ) [ 55
A A5 B () AT BRZA ], UV-800 Y25 Zh-1] DL 4356
FEVIIE B SRR LR A PR A
12 FEHRS5KF

T AR A A R S 0 R Ll B R Tk A AR
3 T (L EARF B = 12% ) W B WiVl e 111 49 0%
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WG g e A el 1 AT PR s Al B T A (4l =
98% ) JHTIE B2 11X BE i (213 =98% ) IR iR (4 =
9% ) ¥ B LRt AR AR AR L, 1- 208
Feo2- =AY KA (DPPH) L2, 2- 6 AL - — (3- 2 KL -FE e
M -6l iR ) — iR (ABTS) 30 | BT T 370 (g ) A7
FRN F] 5 R A (bral) = SR (rbral) =&k
Bk (At ¥ 8 K H T B b 2A R A BRAS | 5 2848
KM= A
2 FiEE&R
2.1 FRERETIHE

AHIEFE BT R F R B AR S M i)y vk 5% 2020 4F
s ) 2 L) (DO ) A it 368 U=V 2015 4 i (T T L48 v
200 RIS ) B AR S AR DM i vk AR IR B
2.1.1  Z&Hfl R SRR L A AL 5T 56.0 g, BT
ZEIR I 25 ESIEER AN 1 000 mL ZE48 7K , Z& 1 £ 300
min, FFE NG TE 225 IS BUH HAE 45 CHUF P T
2.1.2 Eil  REFRBCRZMH AT 100.0 g, ITA
700 mL ZZH /K , K KW SO P2 120 min, 7]
TR N TJC LIRS , JFAE 45 CHERE T4 .
2.1.3 WS R FRBCRZMEHI AR 150.0 g, A
600 mL K, SRR Ui 60 min, REgARILT S,
SCKID B AR TR EGH P, 5
2.1.4 WK RPEFRBORZMHI AR 150.0 g, A
B 200 mL, Fif P 2] )5 3 60 min, B SC KIS EHS
i TR 250 Bt AR TR R B, R AE 45 CHEFE R
T4
2.1.5  EkKb>  OKEEEFRIBGE fit Bk R B IR TR Bl T LT
TRAC BT, ARG AR TE (k2 S AR SE I
R 100 1) HE B S A A ST R R IR Al i
AR RIS, 0 2k K, e, 25 H
2.1.6 Ekifil 171200 g &k PN AMRE 60 g, 0 T EA
KT HAF B B R . IS 5 5k B I R B, 1
HLIF 4R B AT, B AR 200 i i AR 58 (B8 Bk F S5 7
FUSE A T e A 102 1), T3k B> 2l AR 576 3 T 2 TR
(B (0 AR URINT IR | 7 2 8 S Bk e, e, 45 .
2.1.7 EW BUEEIMAGE ER KRR, R IMARZ
T A AR e (e 8 S AR e M T Lol 10 4) B kY
75 PRl 60 min, FSC KR M AN SE R AR 9 A HLASRY
Tt B s, £

AR TR 2 A ] A TR R ST N 2 N [ K 9 o A
P AR S S an L TR . R L] L AR S R A
TR i S 2k ek Bk i e i i 5 2020 4R R
Crp [ 24 L) T 2015 4 i G VT4 Hh 28 K 1l R ) v X iy
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A ARSEARIRTIRE b s B AR TCZE MR & 5 C . MEARTS AL bty s D MEARSERE SR b s B MEARSTIE SR by s F A RSCBRAD A B 5 G AR E 2k
Rt s H A AT B R i

1 ARSI I E

YR FUHLE b B AR — B BRI IS B ARSI ] i
AN, (A A5 5 Bk 4 A il it 2 T AR X
Bk, SR T, A A AL O AR 0 BERS BJ@ il it
R HR 0, B HOLTE, BONIEIE . AT, Be
LRV 5 (XA [ R b IR, 2R e I s 2
AR R AR R, DTS rh B N R
LTS AT fit 8 R i R 2 TR i 816 1 38
XA RESE th T PR AR ST kA nkad 72, B
TR A AN [ S B0 0 P S R ] A AR e AR
G IR TR, AT REE T M R T B &
T 75 D) TR AR e 3R TR BURE I A0 LS H vh IR s A2 2
HAEI G R, £ 575 ) ol Al A 40 0 g 7
»efl

2.2 KoERSSENRN

22,1 JROMERBKI R BT ORI R b
il it 23 S50 PR B ML 4F , 26 40 H 0 3 07 i o) 4549 AR
ity IR G 3 BIAG AR HCEERIAE ARy AR 45 5.00 g, BT TG
T AR (B A S B9 S 25/ T 0.005 g) BB
Frag LA, 752 T (100 £5) CHERH T h AR5 ET
THRAR VR A0 0.5 h, 10 SRR d B4 BT 5 FRUCORE 8
il A AU T 1 SRSV A R, R R
ERLREETREEE, TR R K
K5 (%0 ) = (Mo—M)/Mox 100, JEHF Mo JERE L W)
U o (FEASHIF ST P EUE 5.00 g) , M T8 a5 FE
b i . BELRE AT N RE 6 UK, BOP-II4E, 45 2R I
x1,

222 JOPERMKEN 2752020 4EARCHP E 254 (1Y
T8 ) IR 5300 R G Al AR S E R ML T i B L ) i o
BBy o 5 Rr AR S BRGS0, R AR A A
AR 2.5 g, BT TR R IEE AR, AROE B CRS B
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F1 ARAHAEHEOELERE SBKD KD
CENELER(x+s,n=6)

MEBSERE KA/ % A/ %
ARAMHIRE 10.500.54 3464021
RTHIRES 6.05+0.32 4794029
IR, 5.9240.11 469+0.19
TSR 494+0.05 3.09+037
NPz 6.700.19 3744051
BRIOHES, 2.76+0.09 5.0340.60
BRI 8.28+0.07 3774055
HIRE 5.60%0.39 5194030

£0.01 g); FRER R IR B F O g BRI E
600 CAHFE S 58 4 h Al PR FEE FE Ot F v bt fe i
BRIRBE) o MR R AL R i SR A B T B R AR 43
T KA (% ) = (Ho— Hy)/Hox 100, Hod HyJ2 k¥ i
FIRIHG T (FEARIF S BUE 2.5 ) , H R kb B H 5
FE BT . ARSI A 6 Uk, BCF-SAME, 25 S WL
1.

2.2.3 MPELERSHT 2015 45 RRCHTVTAE b 24 4 il B
NI 2020 4 FzCH [ 25 ) X AR ST A A R i K H
Tl PR e - T A S AR B TR A 5 B L ] it R 7K o
WA T 12.0% , KAy G WART 7.0% . HER 1AL,
AR FE A ML i S LM & i K o AR 2015 48
FiCHTTTAE HR 2 96 S ) TP A DGR, 2l ),
FRAFEH T 0 7K 43 B B AT I RARR , o 225k J5 BAIR
W 2 S5 A, AT BB R T A Tk Bz AN AT AR o —
FEIKSY I REM AN S R RIS I 5 o FE IR A3 K]
HR BT S R I A B e v T AR R o A At A
il i, FTRE R T i i sl R 25 H B B Ko & R
150 ZR IR LR R 8 B A — AL K o, DT B 25 5 A
BTSRRI, R &

hEHERE 200 EEIEETHE



2.3 HEHFMHEERENSENE

2.3.1 g A&ME 40 #F  Waters SunFire Cis (250
mmx4.6 mm,5 pm); FEhAH N 0.1 % BRI -2 (80: 20,
VIV) s K3 4 Sk 283 nm; 3 3 R 1.0 mL/min; A 3N
30 °C; HFRER M 10 L.,

2.3.2 IRV RES VAT RS B AR EURN B A AUE
8 Bz 155 BE 51 4% 5.0 mg TRl — ki i, i 90 % 21
BRI 2 2 10 mL, BPAS 3R 2 Fl sk oy it ik B 20
0.5 mg/mL FIR A0 B SRR

2.3.3 MK AL H] R AR ST R A i S
] it o0 Sl PR R ML B, 3k 100 H 0 i, R B PR ISR
A 10.0 g, 23511 100 mL 90% ZESEAS (L)% 200 W,
A% A0 kHz, T [A]) A H4 h, 1398, BB 90 % L
252 100 mL; B 1 mL Iz A JoK s B 2 65, FELA
0.45 pum GALUERELLUE , RIS S A

2.3.4 AEHEEIRK  H2.3.2" 1 NIRG AR A 6
By, B0 2.0 mL, 4351 F 0,24 .72 hBF4%42.3.1 73 (3
SAIERE BT, I SR T AR, FE A H PR 5 A H ]
KB EMRSD, Z5 R BoR , A Rz 1 BT Bz 0 H RS
B BE RSD 4398 1.19% . 1.23% , H [P %5 B RSD 43 3]
H72.01% 1.97 % , T2 TR R R AT

235 EEMERE  HURl— R HIE SR 0.1 g, 26
By, 43 45 “2.3.37 0T Jy il A A i v U, R
“2.3.17T T GG SRR AT HIT , 10 SR TR R I SR
T R AT RS B AT o i . S5 oR Ml R TR R
F S 1 RSD 40 3k 2.31% . 2.53% , e B )y e 1 &
EYERLT,

2.3.6 FAEMERE K e2.3.27 30 R IR A X IR AT
90 % T4 53| o Fo J JoT 1t ¥R B2 4 5.0.2.5.,0.5 mg/mL
VR, TR TR B 0T HR S VAV S AR BRI T — 80 “C 4% A4
TRCE 30 dJE , HEKMREME . K RIS X B
T HAR R TT 25 CAF NLE 8 hin , 8 iz
FEPE o B R TR A XS B A T R AR R T 2 3 IRV TR
(—80 C)-fif% (25 CHIEI G, BEcrmfaEtt. 4508
TN AE ARSI AR TR A R HE S U TR R LR BRI
FRORl Ez R RS B A R RSD /T 159% , KB |
IR it A Bz TR R R e M R AT

2.3.7 ZNEXRRMFE AFEREC2.3.27 0 MRS X
RESHIES I 5 mL , FHIC/K & P 1 B Rz 1 A B 1 o
U 3443 514 0.500,0.250,0.125,0.063,0.031.,0.016
mg/mL LM TR, 32 2.3.17 T T 33 511 R 43
M, 5% 2 R A A G TET R . A 45 B 40 o o YR Ry i A
b () T B AR () AT LA o 2558 hh
A B )5 R y=67 774 134x— 171 433(+=0.999 3),
LRI R 4 0.016~0.500 mg/mL ; 7 #8 K 1 8] ) Jy i
Jy=41 914 299x+134 326 (+=0.999 0) , £& V470 [l
0.016~0.500 mg/mL. X ik 2 Ff 4376 45 A Kl
Jo TR S R N A M S R L

HEEZG 2022455 33 B T

2.3.8  JFEABCRIRTE BRI AR 0.1 g,
L6 003, 4 5 A Al Rz R R R R R Y
0.125 mg/mL TR A XF BR i (i “2.3.27 0 F 1R A %
HE S VR WOR BE A5 ) 5 mL, B A5 #2104 h i, FH 0.45 pm
L ek i, BB VR 3 2.3, 17 3 (833 45 14 A A
BT, i SR T AU AE iR, g5 R Bon  fl R
RS K 7 A~ 2 I T 532 43531 R 99.52% .99.47 %
RSD /35149 1.06% .1.37%

2.3.9  FAINE 43 B AR ST A R i S AR
mb, P B 2.3.37 Ty il A s VA U, PR 2.3.17
TR 6 1 25 A ERE AT, 10 S T AR Fe AR T 5 4%
BT i BRI ST ATHERAE 3 IR AR LR 2,

R2 AEMEHF % &R BR 55 K 5 h Al R E I

BEREHNESENEL R (x+s,n=3,mg/mL)

) A R
HRIGTIRER 4924053 4824021
TIRE M 4034072 400£0.26
AR, 4314084 439+0.67
R 430%0.50 4.08£0.86
T SR 4154029 3584043
FRAPRE 4134046 3184022
HkilRE A 4.61£0.74 410£0.80
FHIRES, 4831037 4.09+043

HR A 2015 45 R CHIN VT A4 H 256 R ) v 1 7 AR
FCIFH DGR  F T S T H 5 AR e 24 68 B LM il
Hfh A DT 4.0% B AT 3.0% . H
32 2 T UL AR e A B A ot B B ) ot v e Rz T FBT
B AT () B R A i ek, L rpohl J 1 1) B o D )
TR R AT it > B TR ity > BRI o > 2T
i > SR it > TR S iy > BRI i > ZE A i s B
B 1 A 3 BIMIAR IR A R it > & I i > %k
T ity > TR i > S SCAE > ZE TR ol > 09 S >
ERIOAE L o B AT RN, AR e i S A Bz A RN
AR B A 04 2 S AT T REAIR, 3 5 SRR [ 30 T4 ) 25 5 AH
—50, FEFTATIE T T AR g kA T A A e
JELT ot R AR R T BITRS B T 2 o A R A, 3R
W3 3 FfAa il 5 VAR AR 5T 2380 o3 A O BR AR B0
24 AREAEFHIFERERFT RN E R RN
241 FFRIRE S EI A ) B RS A I A i A L
il R R I A TG K 2 TR e, 35943 S i) o vk
2.0,4.0.8.0,16.0.32.0 mg/mL Y R HTR W, T iR %
P FREE 8 24 h )5 #8745 20 min, 285 L 5 000 r/min 5
AL 5 min, BCEIEW, BIFS R 5
2.4.2  A[E AR AR ST BR DPPH A H 5L RE 1Y
S A EC2.4.17 TR AN AE & 1.5 mL, A 80
pg/mL DPPH-Z [V Wi 1.5 mL, )37 30 min, 5% 48 4h-
Al LA SE YT 517 nm B K AR A I W 6 FEAH i8N
Av; LJC/K SR AR RS & Sy 25 P2 [R] Al i >
JEAH 0K Ao B SZIEATARIN 3 9K, PR AR5

China Pharmacy 2022 Vol. 33 No. 7 - 833 -



R TR i R L ) i DPPH A H L3 14 %, HLIK
P15 A3 DPPH A H 3L BR % (% ) = (1 — 4/40) %
1008 %8R Ji5 P 3 GraphPad Prism 9.0 3R {F 15825
IR (1Cs0) o &5 5 WoR , AR ST A AR b S HoM
il i X DPPH H H 3 1Y 1Cs L A1 DL 1, 04 R 50y
KF0.90, T35, MR FEEH] R EBRIDFE 5 Y 1C 38
BEARG, F B 3 Rh i) i X DPPH [ Hh 0915 B RE 1 8%
. SIS
x3 AEEHIFENERT B BEFRENHNRIT

e 1 DPPH [ i T ABTS™ F Hi
TACHE N 7 N "
1Cy/( mg/mL) WAEN IC;g/(mg/mL) WA R

AT 16.78 09737 6.94 09820
TR 12.75 0.966 8 2.03 09757
A TIRE 749 0.963 9 176 0.9830
B RES, 1830 09705 8.99 09321
NP 1048 0.986 4 470 09951
BREPRE i 10.22 0.948 1 571 09827
HRTIRE A 8.37 09749 27 0.997 5
HHIRE, 13.40 09525 8.88 0.991 1

2.4.3  RIEV ]y 0 AR FE 3 bR ABTS H H 2L RE
(520 % 7 mmol/L ABTS VAR 5 2.5 mmol/L i #i ik
BIERWLL 1 TUARRL ) IR S, B T4 e A T IR
N 12 h, BIA5 2] ABTS 1R & % W ;s H 28 18K ik
ABTS W &5 ¥ W B 10 7%, BI13 ABTS  T/E# . B
“QA4.17TH R FRIAE S 4 1 mL, A ABTS' TAEW 2 mL,
TRAT, BT IRAME T R 10 min, SR8 40-71 1205
SERETTTF 734 nm P KA ARSI H R SEEEAE L 1C K A s LA
TooK AR RFIRE i, R AG IEE M, IE N 4 55
PLIE/AK & AR ABTS TR, [Rv A e BE A L il
H A o R SZIR ARG 3 YR, TS AR A M i R
il S ABTS H H 8 BR R, BRI A U
ABTS WBr% (% ) =[1—(Apy—A ) /A 55]x 10057 F
T ICs. G55, M A5 2 ] L 2% Tl Ak R 1
ICs B3I, B 134 3 FP A AR Sk il i Xt ABTS' A 2
WU, PTAE R T AR BR ABTS H iR H
o 253,

2.4.4  AS[RVL T o0 AR A SR SR T R sZ I 43
B“2.4.17 00 F A DUAE 5 OB R B2 40 16 mg/mL) 2.5
mL T 1, A 0.2 mol/L R iR h 2% vk (pH6.6) 2.5
mL,JR57 ;s B 1% 85 AL B 2.5 mL, & F 50 C
TR ZAE T O 20 min 5 , HUECE T ukoK A 10%
S OTRE W 2.5 mL, IRA], #E S I RIS 2.5 mL, il
A 1% =S Ab8kys i 0.5 mL FIZEHE7K 2.5 mL, 18457, LA
4000 r/min 0> 15 min, B3, SR 5817 WA
FERETETF 700 nm B AR I TG REAESY . DABTIR LR
AR R MARE G Ry X B, [RITEAG I . WO R (M g, 36
AFVRE ff (4 B0 ST B ™, A S A TR 3 k. R
H SPSS 17.0 G i # A4F % S5 %45 37647 Duncan’s 2 8
25 5 FE T K I K HEa=0.05, 455 GRS AR
FEAMDHIRE S HLE , P 52 RN 28 AR T RO FE (B (.
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F AR (P<<0.05) o HIL AT, 5 A7 P S 0 28 il Ao
At AR LG, R TE AN R i S AR ] a2 B B 1Y
SIEIFREST . AR A 4.

F4 AEMEHEFTENERET SDERENBRME (x L,

n=3)

TBSeRE, WO BT WOk
RIHRE 0.234£0.079' FRIDRES, 0.168 +0.065"
il 0.144£0.058' FRHIE 0.140+0.050°
A TlREM 0.146 £ 0.064' IR, 0.0860.019"
TSR dh 0.147+0.049" BN IlA 1.15940.039"
T 0.121+0.034"

a: SPOIRMAR HLEL, P<0.05;b: SARMGIAE S i, P<<0.05
3 itig

WA M b DX H AR S R BT AR 24
MEEE 45, 8000 H AT AR e e e B & i g i o5 £
BRA, HAR W 5 /0 . B2 AR R B, 78 2015 4
Jl I VT AS T 245 06 ) R ) e Si 1 i AL e A S T R
Ko FLHERHS R B AR 00 R vk RN R AN bR
WED, RIIL, ZEBESERE b AR I AR S R R a5 A
2020 A RRCH [ 25 30 ) o B A AR R ikt SR ZE I A
il B IS A TR I AR ST AR AR A T
I E I ] i B4 B

WS R oR RS 2 AN R 5 g il 5 AR
STHLTH A PR R T OBR R ) B HRM AE A
oI IR I (BT A4 2015 4 WR CHTVIA4 v 250 1 0
) I I AL SE A DGR o B Bk A S
V1) L M T TP bl R T R, 4 ) o (4.83 +
0.37).(4.61 £0.74) . (4.31 +0.84) mg/mL, 3 & Hl %k
il 7RI T AR S S )t PR B S R Ak
(4.39+0.67).(4.10+0.80) . (4.09 +0.43) mg/mL, iF—
AT AN R ] vk X AR e i R AR TG P A i, 45
RIL, MAR AN AR i B I o S 3 B — e s bR
B 1 JEBE 7 DA K EA R g, {H X DPPH F Hy 2 il
ABTS A H B ICo fFE R ZE S o WA Fe A IR
Je H i o ABTS H H £ 19 ICs0 /N X DPPH H
FE A 1Cs0, 3X FT HESE: T AR 50 Hh AR U PR N 1 i Bt
SR TE M B4 29 0T Bk ABTS [ py 3 3 B e 46 I, T
DPPH H H 3L i A XA LR FIA R0, g4
il K R R ) A AR e AR R o6 DPPH A H L9 7 B
BE 180 (1Cs0 50 1) Ky 7.49 .8.37,10.22 mg/mL) , iX 7] fig
JEH e L T Bk 3R el E AR TR PR
OIS R BES AR AL T 2 1 5 DPPH A LA P10 H
FREXT, (RO CRE R, 228 T ZEH RS i AR
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