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ABSTRACT: As a global issue, food safety not only affects everyone’s health and quality of life, but also affects the
economy and development of the whole country. In recent years, a series of frequently occurring malignant food
safety incidents, such as “poisonous milk powder”, “drainage oil”, “stained steamed buns”, and “tainted bean
sprouts”, have aroused great concern in the society, which cause people’s demand for food safety testing further
increasing as well. The variety of food, complex ingredients, and complicated processing technology also bring more
difficulties and challenges to the food safety detection technology and methods. Among the many detection methods,
capillary electrophoresis (CE) is widely used for its advantages such as low analysis cost, small sample amount,
flexible separation modes, and low environmental pollution. This paper summarized the analysis and application of
CE in pesticide residues, veterinary drug residues, various illegal additives, bisphenol A and plasticizer in food
packaging materials since 2015. In addition, the future development direction was also briefly prospected.
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WE N NS AT FIRt 25 i 20 B B 0 I il
TEAEE G PR G o R AR VS B H gs 4R, AT
TR R TR MEAER, i s AR E N
ANGF, AE G H AT B R EE, A 1]  h 2E A A
HORSR W T S R . A PR vER M T R R SR
R S BLE M E B AT, R BRI A A T B
z—M,

BN k3% (capillary electrophoresis, CE)J&—Z87E
FEERESERT, LB IKs ), B o
I, AR S b A2 43 (0 3 RS R AN R] T 52 B0 43 8 1R
RWAH B HAR, FEHEBHE . HFERE. SERLK.
i 2 e R CEE R g8 IO o . S R
AL, BRI ZE . e . s Em . FEA A
RFNHFEMR NS, BhfAER R 2, XAEmEN
Y BTHEAE B A BRI A SR R, e S AE R vz v T
T YN A BN AR ATRE T, A
SCKF 48 CE FER P25 R B L AR USR] B A ke
PORLSE 7 T R B AT A4, DUBXS A 5 2R TE R
2 ARSI A IO P AR ) — 8 A SEVE A

2 EBREREIKXHYIRE R DN

KEEADKE, A¥EHE RN T RER
B R R S S ER S A R B E, RARE
AWM. BRI AR R 2 gk, B B
AR Zy, SN EYThERE B, K. & KIGRENR
%, TEEW T NSRS, UL CE 7R
TR R AT TR A4 o
2.1 REFZREHF

RLFRE R EIRRAMEHIE, FREAEADIR. &R
PR BRI O R 2 AR, ARG . BRI R
RIS, BEM S RIFREZ —, fERE, Kb
O3 s — M LA S 475 7 (gas chromatography, GC)4
F, HEXTFHRREZE . HERNKEY, R GCHAR
BHLE R BAE b P R S, M2 T, CE HiE 4
FHR AT AR 20 5R B X T AR, oA B4 Rl
FEF L K HF, 0 B A 24 70 B 2 AR 2 AT RO AT )
8 i 218,

AL 2 B A ER R ALZ—, Eifn
VrRoRFR B EA 0.2 me/kgl, PSS O0_ A il iy v M R Y
T RS E A R Uk - 6 I S 2¢O (capillary
electrophoresis-laser induced fluorescence, CE-LIF)%: il 4}
RE5E, H T AR o HFAYLBEAR 25 5% 9 0 R
T ke FIAZIT 8 A 24 vh /K BBl . Xl . 2R

il

PR AE, A0 HBRAA 1.0~13.0 nmol/L, A{UHA Lk
ARG B AL TR L, W TE TR AR T R 2 ISR
€ CE " . Li %005 A A R M RE ) 43 BN
REW), SeJa AL T o1 B R [ RE A - 40 A8 UK
(molecularly imprinted magnetic solid phase extra ction —capi
llary electrophoresis, MIMSPE-CE)FI{ 4= a3 43 #1- B 41 &
i, ¥k (biomimetic immunoassay-capillary electrophoresis,
BI-CE) J5 ¥ 2k 52 B X it 3 Hh IR B Hu 3% B ) 7 420 #r,
S EE R AR ARSI S5 RS

e L ORI B B R ZEAAE W h A 5KIR
PRUSIFI CE #E4R & e H R R 2k [ A AE U R R, 52
BT XK . ANPRIG AN 4= MAEA 3 Al ZE s SR R 7]
FHEZR S B FNAG I, Oy vk R . PREERR, T
WEE . Al I RARR S 8 5 )5 1T . Lanaro 1Y
FENL T RORRFE S P E A R B ERR 3 R TRk
ERBR BT B A4S UK -8 71 7] I (capillary electrophoresis
ultraviolet and visible spectrophotometer, CE-UV )il 772,
Hp Al al B SINIGE, 5 2 MRz R o, &
KA UV, Hul™ 05 it 8 4045 i vk - L Ak RO Ik
(capillary  electrophoresis-electrochemical luminescence,
CE-ECL)[RIRHINE T 1L 24 KBRS A8 BERNRL R 3 il
HRNREBRER), FHF-EEICR 90.992%, FHX R E %
KT 3.2%.
2.2 BHKBON

LB B R R AR AT AR A S b B
2y MR S ECHACSYSE, 2B BRI AF e sh Py 4 |
HAMGE D WAMEENE, %HFEGHE . WE, b
B BURSFERI, HE WA EABUER . PURAY .
2407 T EEA G CE X i b DU 2 2 (tetracyclines,
TCs). MEi# S (quinolones, QNs). fiff %3S (sulfonamides,
SAs) I ILHFH 2 (aminoglycosides, AGs)Za Wit K24
Yook, JFER 1 R IEdns

TCs A R I R B A i) — R I8 LA R, Al o)
R RIRF AN G ™ i, R R AA AR, LR 20
PR BT IR Sh A5 7 TR 2 W o Tslas 5517 T
SPE %% & 75 10 A i ME FH - B 4048 B UK 75 (large volume
sample stacking-capillary electrophoresis, SPE-LVSS-CE)X}
AR R . LRR . AR MR R R LT T4
Hr, 55 T 409 X7 L YK (capillary zone electrophoresis,
CZE) M Lt , % Jr ik X JL Bl TCs By & 46 & %l ik
50.33~70.85, Moreno-Gonzalez Z5!"20% LVSS Fdgil ok
i £ A (field-amplified sample injection, FASI) 43 5| 5
CE-UV 5%, Mg PRI KRR R P TCs, fi BIAIF]
FihE BT T UV REUE 22 B

QNs HUAE R 2 — 4G RUPTH R, 2 T4 240 T J%
Yu o Al P58 bk AR €43 (liquid chromatography, LC)
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15 CE X QNs BRGNZE R, 2 T CE R L RAMIE
AP . Xu ZEPTLL 300 mmol/L =3 L 48 JE Y ki
(tromethamine, Tris). 5 mmol/L y-¥HiI¥E (pH 10.0) A AE il I
JoT 9% i, R S TR ORE A HE B - B AN LUK (field
amplification sample stacking-capillary electrophoresis,
FASS-CE)LINE T Z My s iy B B AN &,
HHM CE WA, —FHRBIETHIRR T 376 15H 406
5 o Zhang % P10 F) I 88 28 (9 G0 58 2% A1 B (immune
affinity extraction, IAE)%% & & 4l & H UKk Jit 1% (capillary
electrophoresis mass spectrometry, CE-MS), [&] B % BRE5 7K
to8 FPHLALEY QNs ZGWHEAT T A eI, A BRAK 2
1.2~5.0 nmol/L,

SAs BUAE R SR Z N T S Y iR R 2 57 AR
MG bR, B s SRS . Dai %P
0 3 R LR Ml W i e R R W A o R (T 5 K
W1k~ & S (chemiluminiscence, CL) A MHI/EF, LA
BRI AW R AARR, R B 404 X He Dk -TE 2 fb 2
KIC(CE-CLYIEXTHE A S A WX 3 7 SAs 5% B
IKFEAT T HER I, SRy 2 A 4R T 4  Zhao %12
KA AMER G TIR AA SBIEI 2L REY
PR R AE O N A AH 1 %8 B (in-tube  solid  phase
microextraction, IT-SPME)}:, 454 CE-LIF SEE T X 4- 43
AR SAs IfRT A PR . RE. IR

AGs PUAEFRZ 05 PRl WIS e, i BRI E
I e 1 Bt AR PP U200 R CE T LLEAT AGs

#z1
Table 1

{1755 R BHE P ST . Moreno % PTIR) 43 BV ik 5 4 9 [ 4
# i (molecularly imprinted polymer solid phase extraction,
MISPE)HI FASS Xt 4G fL AT, 454 BA4E HIK
5 BE i 1% ¥ (capillary electrophoresis with tandem mass
spectrometry, CE-MS/MS)X|R[a]#&%H 9 F AGs 1T T
ME .

BEAh, A TAEN Y h 2225 W) [ I 5280 T 23 8
7EHt. Diaz-Quiroz 2%l 3 FASI-CZE ¥l T 4% % K h 2
il TCs(L 2 . APUFRZ) M 2 Fl QNs(BUATM L . FRINTD
), ZWEIEW], ZOONERREEMABES LC M4,
A EER TR KB4 . Moreno Z:PN 2 Rl AR 45
B, HESL T I AR AR - A A DT H UK - DO AR R - AT I ) -
JE % Bk A (solid phase
electrophoresis-quadrupole-time of flight-mass spectrometry,
SPE-CZE-Q-TOF-MS)J5 i%, WI 7E—Yia 7 Hh P i 5 4
Yirh 15 Bl 5% B (8 Fh TCs A1 7 Ff' QNs), 1& I TASIF]
FERUAYIRE A 222 22 B B AG N

3 EEEKX RN SN

LA USRI — S T O A AR IR | IE R LR AP
6] AE TR b I A R IR 2 S R BT, e £ b A
FAR 3z B3 i A R AR s AR R AR, £
SPE BN RE, X HAE B b P 0 RE P E T RO
2. THAEEN CE 7ERIEH . AR AR
SRSy T RGN O TR AE 2 2 v —— B2

extraction-capillary ~ zone

EMERFEMNENTHSLIMERDY

Determination of antibiotic drugs in food by capillary electrophoresis

IRV e S FERLTT CE K=t P E =P TN
R, L8R, fUAEmENER 41 SPE-LVSS-CE  0.0186~0.0238 pg/mL 18]
. #RK LVSS-CE 20~50 ng/L (191
FZEE  WHE, BELER. HER, AUKRE, BIER R
NNl FASI-CE 0.10~0.20 mg/L 1201
HHE, LHER. AUHE 254 CE-C'D 0.0130~0.0240 mg/mL 130]
B R . AN A S NEAES FASS-CE 1.87~2.21 ng/mL 1221
W FEVE ., WA BEVE ., R 415 MSPE-CE  0.0129~0.0188 pg/mL B
S
WHN R, B R | Bs s | @2 mgn .
P S AR I iy W CE-MS 1.20~5.00 nmol/L 23
B, mPVE. WEDE. KinA
TP A mEE | W | G e LS RS CE-CL 0.6500~3.1400 pg/mL 124
i TR e | R MR | T LS ] CE-LIF 0.2500~0.4700 pg/L 23]
itk e 2%
Tt Pl | R E RN | R T S e .
- P ) i ] 4= CZE 0.0300~0.2000 pg/mL
TR I e . e SR e | DORTR e o s | B VR i 1o el
KRR C. JKKEE C. JKKEE G, HiEE.
OB EEE, BRER. WEAHER. KUEE. e CE-MS/MS 0.40~28.5 pg/kg (271

AR
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3.1 BRI

HEERAET T, BRI HAN R Ak
K. REFEYHEE ., ERINICE, T — B s Xt
AR I G, 2 B8 0T FLAE £ i v (0 O o R o 2
T A bR AE, XTUL AT HER . R R I AR A
Guadalupe 254331516 J5 1) FH B 410 457 Hh Tk - FRL 258 4 Il 122
FH, S 46 5 (capillary electrophoresis-capacitance coupled
noncontact conductance detection, CE-C*D). CE-UV | &
THEaY R P AR AL A, FRS55h 7 min A
5 min, LMY, BT FROLAN . Drevinskas
PO YO CE-C'D T A& 1L il s v K 8K 55 68 77 L AR
WREMSE SN, TAMAR . REER, EaRik
0.02 pg/mL,

32 RABR
KEM AN AR KRBT KRR PR

MR RSV TABZEMIRLL . HIEESE), A Ak
Tot, G DA AR e R o SRR L 2k
TR, AMEAGEIRALE IR, 24 AR B Fi 3
P73 Yuan ST ECBRLT ARAR, P AR R DT AE BRI,
RN O, RIRALR A P T B
EN 4 A4, % MISPE-CE-LIF ¥ %) £1 8 i B B 21 3
17T R 5 H 30T, R FR O 3 ng/mL. Yi U YOk
FASI-CE-C*D 5 4} # [& #H #£ Bt (dispersive solid-phase
extraction, dSPEYFE i BEE AR L5 4, 10 min PN 1] {5 i p
5 AR E O RMAIRLL . SRLL . Fries . Hig oL
7 2[RI S B i, ISR, AT R
Fe L ST I R A

3.3 EAE

FENRE T p-24a 2258, PR T b . il =
SENTR BN o (HIE L AR, e TR S A A
AR 12 T ARG AP 2 A0 Y i, AR OB T AT Y AR L
)Ly I - H R BE- TR 45 A TR
A37l, L T AR KAH B A0S HL UK 28 40 T UL (non-aqueous
capillary electrophoresis is visible in ultraviolet light,
NACE-UV)43 8 434 IR 7 Filv -4 70 K RS g,
K H R A E B PR ST 1.25 pg/mL Hl 5.00 pg/mlL.
Hsieh “F1*hKE = (2-2 3 O 56)- B H M B I o AR5 15 42 1
R BS 2 i 7% M 7 H F FASL, 456 394 e o g (a3
(micellar electrokinetic chromatography, MEKC)IE T )
Yyia kb B RS & 5, 51440 MEKC ML, REUER
T 400~2000 £i% .
34 ZRER

S RE R SRR S AN A IS, W
FAL TR, DR S R R (66.7%), B 21054 sl sh ¥y
T Rbh LS MR E & i, B0k B asa . B SE
o 2008 4FHYWIA SR N AL, Wik A ERK

AR R U9, Zhang SRV EE £ iR 58 (2- H 2 -2-
AR K IR A B S Al A R AR INRE, A
M CE-UV Il E 4= 95 vp = R FUME & &, KBl R4
0.097 pg/mL. Guo 8IS It I 20 Fike Fe Ak b R £h
W T 36 M 770 4 Bh H B #E B (double  surfactant assisted
electrofilm extraction, DS-EME)# AR 4lifk 2 B T #¢ & o )
S, TREHEEEE CE-C'D TR, HIERE
A, AR TR 115~123 £5,

F2 EHETRIIENESYPEE LS RFMFA

Table 2 Determination of food additives in food by capillary electrophoresis

RN il (A58 951 CE gzt ozt B EZPUN
[N [igeh CE-C'D 0.67~1.23 mg/L 1341
. W . LSRN el CE-UV 0.009~0.025 331
5 5 541 mg/L
AR ER L CE-C'D _ sel
WRAE . AR ER AN R A CE-UV 0.22~0.46 mg/L 491
By Eakii CE-LIF 3.00 ng/mL 139
X MHRREL . TEsRLL. . FASI-CE-C* 0.0350~0.0550 (401
RS Frgs. N AL A D me/kg
MEREET . ArisEdt. HIE®H ., flaE SRt dSPME-CE 0.03~0.36 mg/L (501
FURRRD A CHREY | BEAREY | ZATRS -
FTIRY NACE-UV  0.25~1.25 pg/ mL “3
RO SPTIRA. TbT e etk hg/m
983 P K W T ERE VRS | SRS | Al REES e
. : FASI-MEK: 5.0~20.0 L 4]
REATLR . FE . FE SR SI-MEKC ng/m
FARFEY | KR FE R CZE-UV 1.10~1.50 pg/kg 51
R S CE-UV 0.097 pg/mL 71
IR .
MK, L8 BR CE-C*D 1.10~1.50 ng/mL 81
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4 FHERKRABEEM TR

WM RIBR T RS &5 IMRER:
RN, EEMAE N DAL S, RN EMRWAE E
YIBTTG g . A SR R TR BT Ay A R AL S5 4
AR 2883, B AR AR, B2 i g s 1) e iR
KR P23 Liu B0 CE-C'D 5 Hi I8 28 BY (electric
membrane extraction, EME){ R&54E, ME T IHEE UK
CJpe-1,2-— M 6-1,6- % 2 Fhvi LA IBAL T, KR
AL ng/mL 2%, Zhang Z55F]H MISPE-CE %} [ kK
WK AORMRR PRV SRR i P B TR A A R4 T T 40T, 5
A A, Tk R RS S DA,
ATl A

5 HFiLS5RE

FEARIEZ L, CE TER M RN rh 38 1 Tz N
Mo BT R A FY GRS HERZH, A
XA HTHARFT A TSR T RE R
Ay, AR AT LU LTI PR 51 Kk (1)#% CE R
Bf 5 LIF. MS. ¥ (nuclear magnetic resonance, NMR)%
M, TR R | R RGN v, W AR
SR A EY TS RIS E e e B (2T CE 4
B RGO, R RRREI A L D Bk
GuAE Al BTAL BRAY S0 B AGIN 7 1, )BT AR A | (455
2o ATSEEASI A RO s R, DA ST S . RO
BERALR) CE, EHAER R, S |
HAERG . BRI RGBS 35, CE TEE fh 404
WA AR R ST S, Wl R S SRR
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