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Abstract: Citrus is the largest fruit in the world, and a large number of citrus processing by-products are produced every
year. These by-products are rich in limonoids, which have many physiological functions such as anti-tumor, anti-
inflammatory and anti-virus, and have been used in food, medicine and agriculture. It is of great theoretical and practical
value to develop efficient extraction, separation and purification technology of limonoids, and to develop rapid analysis and
detection methods of limonoids. In this article, the structural characteristics and content of limonoids in citrus are
introduced, and the extraction, separation, purification and detection techniques of limonoids are emphatically summarized.
It is found that emerging technologies such as ultrasonic-assisted and supercritical fluid extraction has better extraction

efficiency, and the combination of macroporous resin adsorption, high-speed countercurrent chromatography and
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preparative high-performance liquid chromatography has better separation effect. In terms of detection technology, liquid

chromatography is the most widely used analytical method for limonoids in citrus, which can accurately detect the types

and contents of limonoids in citrus. However, efficient, green and rapid pretreatment technology and convenient and high-

throughput detection technology need to be developed. This paper would provide a reference for the in-depth research and

comprehensive development and utilization of limonoids in citrus, and provide a basis for promoting the utilization of citrus

by-product resources.
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Fig.1 Structural features of limonin, the most representative

limonoid from citrus
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Fig.2 Structures of limonoid aglycones(1~10) skeleton
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Table 1 Main structure and sources of limonin aglycones (1~10)

P E2) n n” 43 R, R, R, R, XYZ A5 EZ PG
1 g 2 1 CyeH;004 o} €2 0-CH=CH il [13]
2 WA 2 1 CyH3,00 SR3WH  0Ac  SRUEH  H 0-CH=CH ENGETAL [14]
3 BRI 1 1 CyHy0;,  HRIWHA - HRIEA  H 0-CH=CH Fris [15]
4 HERHE 2 1 CyeH;,0, OoH OH A 0-CH=CH Frig . i [16]
5 SR 2 1 C,H3,04 0 H H 0-CH=CH A [17]
6 B BRIERAR 2 1 CH;,0f  HR3WH  OH  HRUA H 0-CH=CH % [18]
7 Frig 2 1 CyeH3010 o} A CO-0-CHOH H A B [19]
8 SRR 2 1 CysH30040 0 782 CHOH-0-CO e BTG [4]
9 Mg 2 1 CyH;, 0,y SR3EIH  OAc  SRUEHF H  CHOH-O-CO #hF [20]
10 BEMEER 2 0 CyeH;00, o} A e} 0-CH=CH i [21]
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Table 2 Main structure and sources of limonoids S-D-glucosides (11~15)
s R " n” A R, R, R, R, SR 22 30k

11 Fri5E 752 17-R-D-glucoside 2 1 CypH,0,, o WOR e [22]
12 KR 17-R-D-glucoside 2 1 Cy3,Hy g0 6 OH OAc H H H A2 it [22]
13 Jit L BEHK bRIR 17-R-D-glu-coside 2 1 CuH,O OH OH u H ks [22]
14 SEHMIBRIER 17-R-D-glucoside( 2 1 C3,HyOy4 0 H H GaEait [17]
15 511 1 7-R-D-glucoside 1 1 CyH,0,;  FRIFEF - HRUEH  H Fris [22]
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Fig.3 Structures of limonoids f-D-glucosides(11~15)skeleton

57 . BEAVESER AR, LU S5°0 e AR R WAH
WA GBS . AHAG . VERE . 7. A7) BT p 2Shy
BT O i, S LR HEIRS | AHAR L PO, Rb . AR
AR AT T E SRS 0.10%~2.36% .
0.01%~1.76%.1.50%~3.09%.1.22%.0.53%~1.90% }li
R ITVE RS R EZORIE . RUSSO &1
B T HFEA RS IS = & i, a5 3R
M S A, N 6828.1 me/kg, FLURE SR B FIR
P, Rt bl I AT G h R AR R S A [H]
FROL, AT R S ST >R > I —
o MRS R EYR T EE LI OCAE, A
R T, HooH Wi, HUANG 451
HRIE T Orah & PP A KR & 2 70 B IR S8 LA o B
K B ARk, FEVE SR AL SR B m B A, 43BN
0.42 F1 0.45 mg/10 g, SRJZ I HIIR 18.88 mg/100 g,
T ZRIH B ARSI L KA R . HUANG 25012 BIF5Y e
oAl MEFTIA . P TTAR AR A DU R P RE TR SO
FIAERK A BB R IR, 4501 3= W, IR
T B AIYE T AR IR SE v 2 P AT T = S R
HEJE 90~170 d Z[AIGhN, FE4E/S 170 d BB EmKR,
43914 65.5. 85.4 Fl1 116 pg/g, EJ5 170~230 d ZZ[H]
TR, TR R AT R S R AR AR B A SR S
KEHFIIGES 90 d) i, o 66.7 ng/g, W3 e T
flib A, TEKAR S AR S AT R S = AR b
FILTAHIE]
2 ITIEERLUEYRRE

A RO TR AT I R I G K
PE o MIRSREE S P32 B 2 S W i I,
AR E AR BRI I SRR XUKAH
PRELEE, SEGMIETNEEE . AR . 2R ICHREL

L, DU ARSI R A . H AT s A A A
FEARG EFHZERC . 43T B2 R . QUEChERS 454%
AR 3 MEA T BRI IF AR AR BT R T
T PEELS HEAR

2.1 LEITHEERENLIZEA

2.1.1 B EEEL B A5 5 B 25 B (Ultrasound
assisted extraction, UAE) J&) 72 W JH T M &9 FA
L/ o L RE 7oy N 2311 0§ O 500 N =02 XU 2 8
YA R, SRR AR iR R S, (TS
PER ST B 25 50 P ORI e Rl 230, SCiEagER)
T8 F IEAS S B AA E T PN i i B h BR BT ASE  3R o
AFHE A 5 F: FETR 0.2556 W/em?, AT 70%,
BHE L 30: 1, $2ERFE] 30 min, #7882 HR 0GR N
60.90 mg/100 g. HONG ZE>1 P2k b HE B
T ER, T = R E =P a3 RS A 7
BhHRE, SRS B AR B T 25 A HATE] 56 min, #& R
56 °C, AU 300 W, S 2318800 6.02%+
0.07%(n=3), H HAG B FHPEILE . s 5Eh
RO TR L PO, BT R s R e AR 1Y
AT, 5 HA R AR, F45 il B B D 5 A s (A R
AT

2.1.2 HIEFRAREPEE  Eiln A A2 E (Supercri-
tical fluid extraction, SFE){E —Fh a1 B¢ &% @ HE HL
T3k O PR R R, H TR R4
4= JoEE . AR E R CO,. JUN 509 SR A Il 5t
= A SV X NI R A RE P R S e
B A BBIG A RN 577 48.3 MPa, /% 50 C..
10% Z % . Bf[E] 40 min, #ii A 5.0 L/min B9 2514
T, ER 0.61 mg/g. A ST 3@ A i B R T
IR CO, (LB Ry Iy 7)) FEH A R S b ik Ase
TR I T RS, Frir 21558 (1.19 g/kg) B
AT G B BB P IR s, (ELPIE T 2L WK v AR 7
Pio FEJIANERE ESE i IG A CO, $RIUr e KA
%, HERRERA %8P [V 5T SFE FIA HLE IR BUH
SCRP AT R ACEE, RN EREEEL 8 h F=3R 5y
oA 1.650 mg/g A1 0.779 mg/g, MiFEE ST 44.2 MPa,
MR 333 K USRI T, FPEay 227320 0.388 mg/g,
FERLTF A YRR, HAFE 2 he SFE 7T LIFEE
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Bf 1] P9 SEER PR BRI, (H AR R IBGE R Hh F i i v v =
JE, 5 REEATEN R A b, Ik, RE IR AL
FARA HoAth B AR TCI: LU 5, ARIZE ARG HET 18
T A R L ] L i i P 2 3 43 1) B R A A A
A% BN Tl AR A F= R4 )R,

2.1.3 RUKAHPEEL  XOUKFHEEEL (Aqueous two-phase
extraction, ATPE ) EARYERF AL B A R /K AHTE], 75
HFPSIIEFEWERT, HoA R8O8R A ke sk
PESFECIR RSy B8R . B AT T MR ERAE S
R BT R I SUK AR 22 L - TlREE DK AR
REZR BT WARSUKAIAR ZR . LT A SR -
L IR i UK AR 22 AT AEFT rh S AT 57 3R, 60%
ZE, 12 g BRFREY, BHE L 1:15 g/mL, 60 °C T H#2HL
3 h, SPIFERN 1.2535%. TETFHAEDY LR T puFp
SR ME B T AR SUK A 22 WA h S U AR
IR, ISR 1.50 mol/L[TMG][C1]/1.35 mol/L
NaH,PO,, M i a5 5, Fr 8 R AR BOR
12.126 mg/g, ZEHUERIL 97.59% . RMUKAHIAR ZATSR T
TUEFHREGYLIER, &R —E W5 YL, fEE A
fIIxTER A 2A TR, RS LA PRI R A
BRI R A

2.2 EITIEERQMEICIEREAR

2.2.1 [EAHZFEE FEAHFEHL(Solid-phase extraction,
SPE) J&—Fh Al A M ZE B (Liquid-liquid extrac-
tion, LLE) J712%, BB ICRR L Hbak /55 7] A A 1 74
FEo NI ZEPY R Sep-Pak C,q FAFZEBUER T 745
TTEL L MR R -7-O- A NE T . A E A 2, Ehi
A ZNEF 60% LG PRS44I 2 B B Y el
i 60%~100% A9 2 mL A ZNE W2 LABERR 1 mL
it TR ST, 456 HPLC sl e b ik
G, ok g 224 S BR AN BB 4591 A 95.1
317 ng/mL, [ %4 102.4%~103.9%, LIU %552
{#i FH Oasis HLB 30 mg /MEXF AR FRAESET 7 [EAHZE
B, ml R R A HAMZL T T, 456 LC-MS/MS A1)
ABFRFIMIE T REET IR 2R, 245 T AR AR 2
R, S 0.0783 ng/mL, & J7 ik RA&L . Pl | ek
=, Bl HF ARG IR ST . BT, ki

PRI 78 [T AR B RS T 42 HH SR, B2 e [ AH HE B4
3R, E AR ZE B N RN, {H R A, SR
FAETE 0 T e R B AR S5 A fR i —
222 SFTEREEAR 43 FERH AR (Molecular im-
printing technology, MIT) J& LA4REAE 1 H AR5 A
M, TEAE AT FH iz FEAFRR RS
Y. ZHANG 285 DL RED iR fl £ —FE LN
SRR 53 FAVE DI BB ARSI, il 45 T 3F 4
ACHERL T4 53T BN SR -G, B UK LN FH T A
BT ARG 2R, 5 IR, IR G R Ieh s
TR RAFEREEE T UNVE T, AT 22 L oMo
BB B S0 20,88 1.87. 4.31 mg/g, SR
I 53 FAE BN R & ) R B 25 519 3.3 £i%, & HPLC
SIATREA RHLE A PSRRI I Sk, 12257
FERIIE R G W v T LA AR IS R T e e 56
2.2.3 QuEChERS ¥ IT4FH & Rk AY QuECh-
ERS 72— peadt | 7R AR, MrAs IR i i b 2
Tk, JIZ R PR 2R | FER SR AR,
R FH FAE )15 P A S 1) B A R AR 2D Aotk
Z5134 ] 900 mg MgSO,. 450 mg PSA Fil 50 mg GCB
VEGFAT, AR08 TR RS bl APLR . AR
SETPELR I, 454 HPLC [A) A 52 A2 SR S A
TR WOKR, BAAER 3 FATEETE R EY), %
BAE 0.10~200 pg/mL £kt B 4F, FHXT 4w HE i 25 4
1.0%~2.1%. QuEChERS k#1255 FH =
2L, R AR ARG, (EE: 5 32 3L Oy, 4, 73Tt
AR
3 ITEEREFUEYN BT
3.1 B4R

4 R EARA ML S L8 ik, 3
i 235 25 43 S A b ) 25 2 IR 3R R A B P B A
FIEIFPZE . HONG 452 SR FH 8 75 4l B Biukyigs o
MIZSATAE S 2R, A9 2R 2R (715.40 mg/g) | KK
(277.20 mg/g) FIEEFAMRN (47.40 mg/g), ilid LY 1S
B4l N 93.21% FlI 82.53% HUATHE T 2 AT AR .
LAY T A R, A T $E alifers

3B RIME YR BRI AR Lt

Table 3 Advantages and disadvantages of modern extraction techniques of limonoids

BRI s s 5% ik
B s e e I EL s e rarF ] B A SE BE A R e S T
UAE 85577 AR HLA L I I, SRIBCRIE G, 5 T 1)3m4%%@%%%%’%??;@%?%@%@?}-:uﬁg‘tﬁgljf R [24-25,35]
SRR, RS . SRBUE R, 11 Jiiﬂ‘é‘\ S A2 A JU L H S o R
SFE BRIER T B e TR PR S B, T, A AR EERS 26-27]
ATPE L. PRI RE A, RS 5E  F SRAAEER, TFR GTES TR O o, T [29-30]
LA SR ., ARG RE B>, e L et B s
SPE AP L RERE, F S LB S, TALELS., i [ A 31-32]
R B f
W RS l:I‘l iy My HEME NV ISEN ‘mﬂ_’\ 7.9 | 5 . P 5 ap

MIT PSRRI LR TN thi, B ARES A, FE T KRR [33.36)

QuEChERS PRAERTR ., P HA AR FEJFRAON B | AR R TR T [34,37]
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R, LR AR L i o AR A= B8 SR 2 45 vk
Al fb AR EOML A, —Ralfb e T E Ay R
FEXm 4s TS T 15.6%., E&E Sy iR as al
AR EE Ty vk, B I I | S L it
S (X R A Sl A ER
3.2 KFLWIASOR R

ALK A B S HAT Z2FLPE RN R L R AL
— ISR m TR A, AT AN R D,
WA . PESLAERT 15T D-101 FKFL X Fris
TR A b B EROR, SR 80% B RAE DR,
FrAE T K B B 3R 15 88.53%, 153 82.75%, HPLC
IS BLRF)] 92.79%, I HAE B & i A g
W B RE A B SRR . DANDEKAR 250400 g~y 17—
e FH 53 PR A PR P 7K s B TR 285 - TR 2K 0 W oAt
g (SP700) S BURI 2l fb AT I & Ty
125, S /K BEUATE LABR 2ok BRI, SR FH FR -7k
RREEVRE, 2545 B L e ORARIR I 20 1 2
BEE AT DT . BRILZ A6, XTANG 25941 1857
W % 8 7 HZ-816. D4020 il Amberlite XAD-16
HP —Fif i % A0 3SR M W ISR, 75%
ZEEVERG B HZ-816 Fl1 80% Z BEYE AR i) D4020 Xif
FrAGEay 2 A K AR IR BE 1T Amberlite XAD-
16 HP, il it HZ-816 F1 D4020 # JE 14 2lifb 15 3% =~
Ja, FriETT R Ll 4352 19.80% Fil 7.75%, K
MREG &L 53518 61.70% FN 18.23%, {H D4020 £3[H]
B e AR 2 I BN IS A S ), B I BT ) 5 a1, AT
Bhnalifbi s . KL IBR I 2EErEar. 5/
A AR, 38 S H AL IR B AR A B AS AR
ESEAIE i i
33 EEREREE

YA (O3 (High-speed counter-current chr-
omatography, HSCCC ) J&— P32 £ =y 5 R - 19 €2
TSR, AT LUTHBRAL G A ot FH ) [ A A e o
XA S B AN AT 36 B A5 R M. XTANG 460 SR IE
Ok IE TEE: K (2:1.3: 1.3 R ES alifbZergse:
2, ZAEREA B K MHK rmonin=0-8 Kiomitin=1-8 o
4 T ¥ A R 2520 HSCCC BRI AR 22, (a3
FERFG I | G sh A Tl S5 S5 m o B R . 7F
LA 22T L ARRE  ANESEE AN N AR T, 45
BB R SR T 95%, I HAr B il el 4546 .
HSCCC HA#ELE, Yo . MRSt 2, ez EaT
SRR S 2P AT R B S alidk, HARAS )RR

2li AR, AR TR R 195 LLASHFERTRE 11, R iR
T XA FIMA Z2 B ST SE s ST SR & .
3.4 HIFRSHREGIE

hill £ Y 55 SO AH 24335 ( Preparative high perfor-
mance liquid chromatography, PHPLC) 42 il i3 5 11
2. o B A AEXT ARG A T3 8, S5E R
TrdAHLE, BRI 53 B R XIANG
AU 38 A e ) A8 1 S AU AE (2433 (Semi-pre-HPLC)
Xf 4 HSCCC KRB AT 4355 2 2= it th Wi ik
75 B, e - BE-7K (30:25:45, vivivV)VETRLS)
AH, BA 8 mL/min JiEEBERE, 76 45 min NP1 & HH
ik 95% WY EAAIH R FIE KAk . PHPLC BAT
eI, PSSR U 8 A sifk
FREE SR, T T AR AR A = i R R 2
VEM . 386 FH A rh s hrise sy R s alifb iy ik
PEBR S Y L3 DL 4.
4 IFIRERLZUESPRENEAR
41 seimEA

PP RS P SRR IR, T DIFE 4- W &3k
2K % (DMAB) 8% 3 Al 5 Ehrlich 32550/ F R A2 6%
MI25A ) (0, 38 FE 490~530 nm N HEAF ARG, It
J7 i AT R BB B 2 R AL S A am
ABBASI &M FH Iy 2 e dades i P AT 2
b, RPEVE N 9.9~21.8 mg/mL, [ L Fl ol
95.62%~101.79% . HALSCIEHE A, anHCHEM | 21
SN CRERZ RE LR G, T FH S AR T2y
BRGNS PTREIN . 2GRS AE— e S
TR S ERBR N, 460 nm AN RE, {EZ TS
I SR AR AR, ANIE THE) M, Lan 4507
FHEFN & 2T LLAM GRS 7 H A A= rhfeigs sy
= HORMORE AR, UHPLC-MS/MS #1756 1E, F
RN BB HERfA M S h sy 3R, (H 5 & AR, #]
FE B TAKARAN B AR, 3 Ay 2 2 G4
AT mE L RS IR AT ROR . B EL RO
1% #% R ( Nuclear magnetic resonance spectroscopy,
NMR) i T2 2 lAs | S22l e DL RS AR 25y
BT W ZER R, 38 A2 5 HAB BRI, 3R 5
S TR BRI A AR Ty R U
42 RHEEE

TEWAH OIS (HPLC) 70 #r b, (At 2e il | 31
B B R oy B BB R . B EH R

K4 B RIAE W BT R L AT

Table 4 The advantages and disadvantages of separation and purification methods of limonoids

Vit vip/N 0= B 22530k
T TR, B Ple PHERIAIG, X Bl 4l B A R [38,25]

AL i B AP, By, AR BHHLEFIEAER K, Sk AARAUR 22 [40—41]
HSCCC GBS, PSS, 1A WA R YRR RALFE R FE [41]
PHPLC PR RA LR, s R TR 5 R AL B BHEAR L, A8 IR 2%, A AR [41]
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Table 5 Summary of determination methods of limonoids in citrus
il _ — \ - . . P S%
Ly SRR Hir¥ S| KB EmBR R (%)  TEh SrHThE -
WiReS SCHR
Mt
JeRE gﬁ TR 9.9~21.8 mg/mL - 93 '62;101'7 - [45]
aR7S
ﬁ;;g Eﬁ el - 0.5 mg/L - - - [46]
) 3 mmol/Lf#
ﬁ;’%’ TR R 0.5~8 g 0.25~50 g - - Eﬁz-af, B (250 mﬁiiimcrﬁ 5 yum) [49]
Ve : ’
iﬁ*%: i 50 mg/L: L4 .. HPLC, Phenomenex Phenosphere-
Lt Kk 25-5000 me/L. 50 250 95.0~106.5 mmol/LH!fi§ Next-50-Phenvl column <
it WAL L B 2B me ne "8 100 mg/L: KA, S (ISOHmmXZyO mm) >0
WRARER . BT 96.7~103.7 Ve ’
HPLC, ZORBAX Eclipse
plus C,¢ column
+ (4.6 mmx100 mm);
Ei PR R | WK 0.015~0.5 mg/mL - O‘?O3L 97.2~101.2 égﬁéﬁﬁ UPLC-MS/MS, [51]
HPLC mg/m e HSS T3
(2.1 mmx50 mm,
1.8 um)
iR R s Dre s
MR e v 0.25 pg/mL 0.80 pg/mL ,éﬂﬁ'@;@‘i HPLC, Cyg
e PR WK 1~400 pg/mL ol 98.2~106.9 MR (pH3.5), (4.6 mmx150 mm, [11]
R WM KA 1.00 e p
030 S REVER 5 um)
.30 pg/mL pg/mL
_— FHE R
g R .
Sl EENE RRSETSwml Lespge 000 ok, UPHG Aeiy DRLC BER Gy o
R WK HORE: 1~1720 pgimL kAR o, VLB T 521
128 ugle v : 7 um
95.35~99.83
APCI-LC-MS: APCI LC- , :
P APCI- LC-MS (IEAHFI 5 AH) FIESI
A s ey 120 pg~6 ng MS: 60 pg F R I, )
sl TR DR ESI-LC-MS: ESILC- g C MS(%?E ). Luna 3 pn column (53]
240 pg~6 ng MS: 180 pg
. P ﬁ%?f 200-400 pg/mL . & F;ﬁfi‘;onfy?’fdﬁn).
LC- 1 B E WK R 200~400 pg/mL K-2. I, . I
Ms K Ak Bk HEA: - gy PO Inersd ODS-3 column - [25]
100~200 pg/mL TS ) ’
PR AR, "
Py Fef NI 0.1% HiRZ
oot ey FOETET R 10~500 pg/mL 4.3 pg/mL 12.98 pg/mL e HPLC-HR-MS, C,q
ﬁf AR R b, 10200 prmL. b Wofehke 982+1069 }if’((}% Qggg (RP-18¢ 50-4.6 mm) 2]
4.59 pg/mL 13.94 ug/mL e
ik i s g
%’& }fﬁﬁ PR 15~50 mg/L - - - - - [54]
117k SFC-APCI-QqQ-MS,
SFC M@ 12Fpbrig oo 0.5~21.2 mg/L 0.006 mg/L 0.021 mg/L 98 - Ascentis™ Cg [55]
o (250 mmx4.6 mm, 5 um )
MZRA C g VERSTESHUEL, EHREAN . RS FERS: Z TR RE AT PRI A A S R T PR R .
RN ER 55 . FEAE TR 0 & R, 8 = 0 AH (0 4.3 RELF

(UHPLC) B &) ¥z W H T2 krigi vy R i Pesi 41 23,
L G 245521 {fi ) ACQUITY UPLCTMBEH C, ¢ #F
(2.1 mmx>100 mm, 1.7 pm)FE 3 min PN43E5 H A
PR TE ZE IR AR, B BR300 1.65., 1.28 pe/g.
e 3 PR, I N G -7K . N5 -BEiR
Ko A4 RAFEPY O NE-BERR/KAVETBIAH, JSfriginy
O R A, FAORR L WERIGE . A, S T i —
Ak BRI 5 B R, 3R 2R — AR s AR A
CHEN %507 % ] i - DU & ki -7K (17.5:17.5:65)
TE 207 nm MEFTPE R, 43 B RCRES, 1.0~50.0 mg/L
LM R, LOD 4 0.07 ng, MIKE N 98.69%,

W BBk JH (Liquid chromatography-massspectro-
metry, LC-MS) &5-& T W AH (O 1958 K43 HERE J1 F1
SRS PARSIARE S, i R 2 A b sl A SR T Ik
SRS T R A TR ALY ELR P, 2 HRTRY
EWSIHTIT R o WO S BT I A s e ke agE oy
FH ETR A RAE A2 5 5 T R ( Atmospheric
pressure chemical ionization, APCI) F1H3, 15 25 & I
(Electrospray ionization, ESI) % i@ & APCI JH T
B E AP RT EAE T O IE, 1M EST TS B &R
FECBEAT, MANNERS 46 5% FH{ APCI-LC-MS (i
AHFNZAH) A1 ESI-LC-MS (S AH ) DR RS I AH 475 71 v
g R AL E ), 5] APCI ANIBREER 60 pg,
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LR AR AL B 58 A0 Ty R I i 1) 30 %5 DA |,
ESI 1 R HPLC-UV iy 10 1%L I, IEABFIZ
AP, MERRE 22 RN Ry 22119 LC-
MS S3rMTEERE, By R, 8 5 FH AR B B Py
FRIAAE IERE 2 o
44 1RELESE

AR, AL ke DRI H vy AU | A7 Bt IR 19
ks TR B AZ UG, JEHR AR E IR . R
A AL I DR RV (AT P (M | R R Al
FHPRE T 52 638, 40 PURIT 4554 SR A 3 5L AR A i )
G7 BREFRERPATL IS AR (lim+) ZEARARTT & —Fh el
TG A AR TR AR I R A T PR 22, AT
1B AR WA FH BB UR, 7EHREE 30 °C| pH6.5
A 10° CFU/mL XHEC P EHANIE S T, Frdsar
ZETE 15~50 mg/L Ju I N 241k, IF BT DL E & fl
o AL L A4E (Organic electrochemical tran-
sistor, OECT) 7E{IK Fi I AR DIHE T e BLH T P vy
ESHORRE 10 I T A AR . SARAF
SOV IR T —Fh DL AR AR A gl oK B0k T BE AR 1Y
OECT VLI AR MBI B AT v 38, Hof
v RS, LOD & 10 nmol/L, W B ] A s Ay 2a
7. DAS 5 JF & T —Fpfaj i Pt . Bl s bk
AT 2 I 7125, 12071 PR A G M R R B -
B 27 (MgSi0,-xH,OPV A) 1Y FEL 25 2 AL s AFH 475
FrgEit SR M B AR ZoR A PR 2R, R

U i 3] 2.392+0.3 pF/mg L', Wil 3 B[] 29 6 s,
AIPEHR 2 YAdH, SR HPLC SiiFANAEAE 0~12% 1Y
P2
4.5 EEmrsE

BR T RIS, JeRTEEE = ARG P RS I B
AIBA B FRUAEREZ(Supercritical fluid chromato-
graphy, SFC), B4 H UK (Capillary electrophoresis,
CE). SFC J&LLEIln FL At shAHSS & F5 e iR
P XA O T 2 A A T AT ARSI 9 — b (A vk,
5 HPLC AL, F5 X AisAt: | mahAHSE A Tk
ARAFHUF 14 5 BRSBTS A T A S 2 4t v R A
BE, ¥R¥h SFC AN JE . ZOCCALI 250555 %5 R [EI A%
A R R E T T AR R T e Sy
7, @57 SFC-APCI-QqQ J7 i, fdi /i A HLIE
FIH P (170 pl), 2 7 min BEATHLE RAE, LI 0E
LOD #1 LOQ 43 %14 0.006 F1 0.021 mg/L, ¥ I 715
o 0.5~21.2 mg/L, A5 REUE, 2N T 12
PP RIS . CE B s B . #5709
FE/D, XIE S AT BREL R AR A4S . BRADDOCK
ZEL0S] SR CE M 5E MG 4L A g 2, I
AT ARUER A ), RZead yB A3, 7 75 mmol Hlifb,
pH=9.4, 15 kV, 25 °C, 50 pmx57 cm 3 ¥4, 214 nm
51T, 5 s 3RS, KBRS 2.00+0.08 mg/L, iX
S FH T2 22 00 A P B AR A T e P b i
F3E 6,

o AW RIS PRI AR A

Table 6 The advantages and disadvantages of determination techniques of limonoids

A s B EZ BTN
T PR, BT HER PRI SEE 2 B BR ), TS RE RS HDRIE R (25 5 [45]
POLHAR RS TEIMPOCR ERE Ekk Tz Ve, ORI B8, T B SN, Ak BB [46,66]
NMR %ﬁ%?’é%ﬁfﬁ‘ﬂ{ﬁnﬁ@éﬁ%a%?ﬁ)‘ﬁ, Bz REUE . AEAE— 8 MUER EE R, ALARAS o | BRI RRE | [48.67]
Al AR AR 5, T SR Tk 2 >

e ELYEE (23R, fRTCR, R, JRfiinl &,

Ao Bk

R st BESRRSE | AR LR Ak, eI AT AR BRI RE Y [68)
S PRI, (B 2 B, T ARLA LA ARG X1
ppLc O PSHERMNAR AL, PRI, oo el T TR RE . AR TR AT [11.69]
I T B 2 0 5 s L iy
SFC RESEMGHUN S, WA, B APSVHIER A, TSP R AR B P (AR [55)
Loas CTRIUD GG o MOLE I e ge, b, R, (RS  BROTR (3270)
oAk RSSO 5 B AR AT KRR ke, KR b ORI [63—64]

5 Hit5RE

ACLEIR T ARG PR s ey R SR A T
5, GRS Bl A ARSI 7 v . AR ST r e At
AT7 i BEOMARIRE, A AL A i B e, (HRAL FE AT
[ A PLE T R [ISCRAR FasE P22, o
R AN AT SR o A A ZE AR 9O R I
VA S RSV R i NNE L O [N SNy NIV ST NS S SN
TRERYRITALERECAA A I Ao BEFE BRI 57, 40
I TENEEREGY) . DOKRAPBIESE A B A e, HFTE e
S AR A O 2 F ey 3228 S no U AT

SRR R . RIS, ITAER T A 3R i
BT HPLC, X 2R HBA S REUE . &
B I 3 B 00 A, AT B ZEB | 4347 A (]
K ANERYED 2 e, AR T a5 =, XELLN T EL
Yioiht o ARG R R AL AR I A e 3R
ARSI ST T AR RS A | PRSHE FIT R vy RS0 1) 38 1S,
WEAEIA ST BRI, sy (. PE. R
HIRENT T e s A B W T AR A T 1]
S 30k
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