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Progress of Sample Preparation and Analytical Methods for Dairy Products

CHEN Ya-li*, HU Hong-zhi*, XIAO Xiao-hua', LI Gong-ke’
(School of Chemistry, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Harmful components in dairy products include pesticide residues, veterinary drug residues,
heavy metal residues, microorganisms, harmful additives and other noxious substances introduced from
the packaging or transportation. These harmful components are harmful to people’s health. However, it is
a challenge to achieve accurate and rapid analysis of dairy products due to the diversity and substrates
complexity of dairy samples, different structures and properties of various harmful substances, as well as
their low content levels. Thus, to develop rapid and efficient sample preparation techniques, as well as
accurate and sensitive analysis or detection methods is inevitable. In this paper, the progress in the prepa-
ration methods for dairy products in recent years is reviewed, including solid phase (micro) extraction,
liquid phase (micro) extraction and immunoaffinity chromatography, etc. Meanwhile, this article intro-
duces the progress of various analytical methods for these hazardous substances, such as chromatography,
atomic spectroscopy, electrochemical analysis, biological immunoassay, molecular spectroscopy, ete.
Furthermore, the advantages and disadvantages of laboratory analytical methods and on — site rapid detec-
tion methods are also compared, and the characteristics of these technologies are summarized. Finally,
their future development trends are forecasted in the paper, anticipating to provide a support for the quali-
ty and safety supervision of dairy products in China.
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IR ER R DY, SR EAVARARE AT FLS, DHERFEE . HTRIERREgih U
ZFE". BEFUNEER S AUESER R, B SRR O ANEFINENIR . BRA4EA R B, B —FA]
BREE IR . FEE & 2EFLH S 2 E H R BN E TR BT, H TR 22 4 ) RBL Jli ol R SR TE Y
Hrio

FUb B FY R E R AR R B | R Eem . MY . A FIINRLL AR EE
WA HAE FY. —Bokid, K25, &HEERULESRIRE FEORET 95 S sh P ikt
sk, HA e E R B1(Aflatoxin BI,  AFB1)ZRINFAERREIEY 2 —0 B-NBEHE | B |
RIS . DUPRFRISHUAE R 2 FOR T 0y 7 S A e MG, —Sehi AR s ARSI
FILSEAAF PR IBOY

FLI S ORAFAS I A R B 55 2 R E ™, b1 TR vl S BRSBTS . MR L MK A
e 2R R AR LSS B UL IR 2 — o LAt A SRS = R U e
HIRESERTIE R, GFRIANIFRILL S & S depr b pIT A 2 FL ] p 0340 25U %, BAT
s BURSEE .

FUbilmAE L | BBEIR, A EWREEMANETRZE SR SEACPIL, aRT R R P A i
ACBRBAAUED R ST 7% . ASCERR 7 I AR R SR B AL BT IR AT B R, A
) ARG . B BD ZHGE | REORMIEIRES; a7 A A FW I kel sk, g
PSR B VL N S o TSP NIE =X 7/ 738 NI e B VL el 00 ) Tt s SN o ot = s R e
BRGNS S A .

1 AHmBBreE T EHARHERE

FUI S R R A b, HERTUE R . T E, B8 ESMa Rl R AR, T
P SRS AT BEEOR . TEPRETT IR, FUES— ARSI O G A AR AR E A BT,
FIMIECKE " . LR "SRRG ABGRE— P A BAHARRE ™ . B/ 7 2eitt S dl, =l
A a5 S, RIS T AT

FL B IR T nT A R TR 23 R F S B A AR B BT 7, RO IR S
FHEHWHZ(WF D), T X PRI S T4 .

Fl AT AR A H Y5 B S b

Table 1 ~ Application of sample preparation methods for the harmful components in dairy products

Preparation . Adsorbent/extraction . Maximum residue

Target Sample Analytical method LOD L. Ref.
method solvent limit
MSPE I i A 44 REPE GOk EM B HPLC-MS/MS  3.1~133ng/l. 30~ 100 pgkd®  [67]
UAigl

dSPE L U BILEB A R HPLC 0.1~02pg/L  0.03~0.12 ngkg [68]
SPE AFM1,AFB1 LR et HPLC - 0.5 pg/kg® [69]
FPSE IS AL IR — BRI HPLC - 50 pg/kgl® [70]
QuEChERS o-ZJSk MM EIPIAR  E0 - EAOHE A 4.5 ~22.6 ng/L 100 p.g/kg [71]
LPME it gk e I IL HPLC 1.20 ~2.17 pg/kg 25~ 100 pgrkg®  [72]
DLLME V] 215 DES GC 0.90 ~ 3.9 ng/mL. 0.000 4 ~ 1 mg/kg® [73]
p—TAS  BUEYIENE BERE ER) R ERPT BRI - R < 100 [74]

<30

K wTES5/2/1/5

CFU/mL®®

1.1 EFHESRREENHERETLET %
1.1.1 & - &ER W - WABGE(Liquid - liquid extraction, LLE) 28 #agAESaiB 7, ididE
UAPUERINFLH S TP AR E bR, e dhE R Ry YR BT ZREUR—
MRS - KRG . HEE - KRG . TRIER S A R BUE N . ARIRAELHRBEDLIE R
HSCHEG, wTLAWE A LLE B4 Bhatifk ik

ERATE BN — AR B A [ A S P S 2B TR S N TR S B bR Al 43, Al



1100 SRR 940 45

MEKIRERAYLIEF ARG, AT SR AT 2R, AR S mia L, Wik
MK, BEFET S . Moreno — Gonzdlez %™ @23y, T 2L LA WAFIIR WG H 15 Fth B- P I i) R AT 4l A —
TR SRR A3 — HIEBRE (UPLC — MS/MS) M 7%, KatBBR 40,2 ~ 2. 7 pefkg.

1.1.2 REMER W LLEAVUERNEFER R, MIREAREN SRR, WAL, ST
B AR T AL % (Liquid-phase microetraction, LPME)ZEZL I SAT A H 9 s 72 i . LPME fuff
25 4 4 W A 13 25 BX (Hollow fiber liquid-phase microetraction, HF — LPME) | Hi 5 25 B (Electromembrane
extraction, EME) L) K807 — ﬂflﬁgﬁl(mspersive liquid — liquid microextraction,, DLLME )&= 2 st

HF — LPME J5i%43 A WitH HF — LPME Fl =AH HF — LPME™ >, 9583 30 9wk shd B oy
B o3I REOR I H bR i) & SRt £, (HTFZEHK AL UM ) . Huang 55 A ] HF - LPME J7
TERCEBUA R S B HE B B 5 2 M (Aflatoxin M1, AFM1), AKBUNTEIA 50 min, & &E(EF) J 48,

EME w7500 5N AT BE— 20 sy it HAR i 2 B0 2, H BTC R s 28 IEph e ok i
EME B ZEHRIERE, CESFE SR REW O EYNEFIBEAE . Aghaei %> FI B TIL S A
W FIERAPRATORL P eV ) EME J7 12 AU A1 RE Sl 0 20N PU AR, EF ATk 295,

DLLME H-ARAR A AL B AR P 7 BRI R N K AR S LU T I, A0 4 /N
B TERE S P BEA TR, HAT AR S s SRR . A1 Alshana 557 H] DLLME ZEHUA- 2L AL ]
T S TR RSEHTR 2, EF 446 ~ 229,

—LEIRRIFH AR VRO R I ZE AR, H v oy I R e S Ul T )k &
Z =N M AR (Tonice liquid, TL) ™ HATBEMEL: . FLRTE /D> . A0 S5 BEYA A U M 2 1 S
P, JCHRRENE B T (Magnetic ionic liquid, MIL)™, JEEILAIE S0 i R ANTREY . ol ) EEk
SEHVEE B P 4355 TRIEEFI(Deep eutectic solvent, DES)AEH 224 BEMY . vl BRI R4 fig
B2 R B PR BRI 2, n] AEREEUZ R . % DES SREMEAEHR G, FIH#E 725 B bR
Vi, HETHARRR, BE— it aieil s EeR.

1.2 ETERMEENERETLE T %

1.2.1 E#AZEER SLLEM, BEAHABE (Solid-phase extraction, SPE)[EICR S . AHYUAFIH /D,
FERT ] B SEAR TS L o Ay . KRR RS S, H 50 iilliiR 4G, fEsl bl A Y5
EEERN ) Z . MBS G C 55 SPEMKI PRI A BUEBEIERAR, dk, BASEERGET . &k
A, G S R RE A B R AR, IBRZIOK A (Carbon nanotubes, CNTs) | A1 2 5Ebf
EEZORPEEE T E B2 H T SPE. 2 Jiang 55 F HIIE I AL A7 S840/ 2N R ASURLAE Ay SPE W R AL,
254 UPLC - MS/IMS 2347 1 AR BRI 3 3%, K2 HHBR O 0. 01 ~ 0. 07 ng/mLo SR HI 43 ENIEER 41 (Mo-
lecular imprinted polymer, MIPs WWERIWZRR 50, BT SEBUSEAR o> 1 B B2 BB . Samanidou 25
VR N IR — BEIE AL TR S SPEWRE R, M TA-rh S SR & w4, Hix
KEWIEEF49. 7, B T-ENEEREY (lon imprinted polymer, 11P)HAG & FikPerEiRAee 11, HE#ZHTF
AR St 2T 2 R 7, 5 TP S5BR BEAT L4 & BT LU % in)

1.2.2 EHEMER [EAHB AL (Solid-phase microextraction, SPME ) 2% 8 i A B Sk 1 T4 W 348 40 44
B, ATFEEER, o LLE FISPE HERME, {HSPME £F4E00 i A AR, ks, HARES IR )
B, R T fRDRX SRR, AR, BORE 2 RE R R g AR SPME 1R )2, 3t G HLE 4k &
(Covalent organic frameworks, COFs) . L BAEIEILEY( Metal-organic frameworks, MOFs) . %At A1
2% (Graphene oxide, GO). MIPs 5§,

COFsZit 2 e . BREMI£5 , HalamET i, BT HEKHEEM . 7 - « RIS I
YERL, 2 M D5 E0S Gt Clnsdiy . WUy A FIZ 3R D5 o i s 4, AR T AR5 B TGS G A6
B, Sun ST = HE COFVE N SPMERZ, 456 UHPLC — MS/MS Kl 1 A= 73Fi 7y v i) gAY
PG RAE WEE T, R 0. 1~0. 8 pgle.

MOFs HA 8 S LB 2 . KRB TR P37 ) FLARRTRAR , v IR K e i s SEVERE . Jiang
SRS B EE MOF APEME A SPMEIR)Z, 458 GC - MS/MS KL 1 A= Hh )R B 2RO, 1S
HBRAKZE 0. 15 ~ 0. 35 ng/L,
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GO BA SR . mifaE P L R AL, o LA RO & MOFs APEHR R RE I RIfEK
B FRE T, ¥ GO HVEACERMERBARRTER ZE &, AT AR S rp 2R 5P AR . 2N 5
FRIGEPEARI R, 456 MRRARCREEE TIE , ST FENR IR A0. 8 ~ 1.5 pg/kg.

HA 5y AL MIPs SRR &7, W) V2 W H T SPME, Liu % FF & 1 MIP A4 i) A S5t 4 i
SPME 274k, Wl B AT s SR B RIFNEREPUE R, SRR (EF) 12 ~ 8215, BIRM . SRtk
DL FREWY (1) 5 R B2 0 b — P RS i SPME R Z06E, v LU SO A BRI () 22 . % e
T
1.2.3 HHBERMEINSTHEBRMZEE 5 SPME ZF4E40 L, i $EEE W A< B (Stir bar sorptive
extraction, SBSE)H AT S AREE S, 0l 38 4P i e AR B £ 00 [ i SE I AU B, K&
RERFEATEL . MIPs SEThREAEE ' VR RE IO B nT 18 2 O B PR RE o 200 Zha 555 F MIP S8
ARy =R, KPR R AR B 345

AR I AEB (Fabric phase sorptive extraction, FPSE)Z¥AbiA L — AU LI S 58 L d b
LSRRI - BERTEVER IR T, TER —Fhis R PR . %E T DL R
BIRTILBSFARANAREEE, B 7 EARDUEME LR, KRR T AR,
1.2.4 #EMEEMEZER PR AHZEH(Magnetic-solid phase extraction, MSPE) LA ZhBE#EHLE A 4 1%
TR B AR T 23 B W, 30 3 i o0 0 3 K W B A L A 2L 4 B TP P DR b VA v 3 5
kS, EREOBUEIRER IR, B TR, B T Bk . DAL =8k (Fe,0,) A i T
o Yavuz G 1 7% - 5ER Fe,0, 3R 2 IEARATURL, T AR W5FE i ) MSPE 2580, L EF
150, SZFELANE], Lin%E " Hl 65 1 Fe,0,@F1sBRAPEL, SRIGH Fe,0, UL ety A7 AR i i 52 Y
ML, XFh AR B ST R R o 0 b R BRI R AV 8, PRI A /N T s ol 22 s T 4 ), RE R
R, U 4 PR SRS DT 20 B AT IR 35, 1 ~ 36. 81

BRAKE (Carbon nanotubes, CNTs)ZFRAEL . L FE4AE MSPE 2] 1T Z N H . WIGREEIIRE
P BEAE CNTs n] PR w S 24 0 b B BEBEZ LA 3%, ACHURF )X 2 min™ o 2 £ i (Polyethylene
glycol, PEG)WJLIFEmAPEHEAKH P 310, MBI R LR, 2 PEG LSS, #4TE CNTs7ESY
FH R PRI — T B
1.2.5 QUEChERS /3% QuEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe) &K RFIEE5E
SRR S AR 2 5% R B AT ALER T i, FUR RN AT £ RE-N- RS . C . A as bR BT AR
Hamed %' F- % 7 —Fh 24k Z — Sep M RIS BV I0T, WA R0 GOENBTE AR 2 Hi b AR SS , TESRE T
it v ) 28 R 5 B8 4 T v A 31 1 W ] o — Mo, QuECKERS faj St , B3 & 7Ll S i
W2 FR A 53T, AHH 7 1 R R RT AL B VAR, I AL it P S BUR 4 A I e 245 5 HoAs
WO
1.3 Hfttarab 2%

B 14 BOAE S B BRI B RE S BTAL B T 72 0h, — B850y oy 85 iR IR 4 43 B8 7 i AEFL ) A 3
e U ET VA

G FEANEATE (TAC) BB E R I HoT BAE T, 2 TR SR L A E R b RE 52,
M GPERE 5325 (Immunomagnetic separation, IMS)ZEEEVES . BCATRIE, JoFa T4k RIn] & A,
WA PR P SATALRE . Srisa — Art 55 EETRIEME 5, RV IIRIAHUA LB O REER N 2 RE4F-1
HARRH 3 2 R AG FEVDT JIRTAT (81 1), FFEL AR AT E Eordr, AR 4 10° CFU/mL. %7706
R FEDT TG BAT S B3, WL R AT I S8 ) T4

WA HT R4 (Micro total analysis system, w—TAS) BARFUN . (| lAMKLL I 5 5 & Fh2 1)
NG LA, BAHZCE . WA ST AL P T B T 2 i v BRI Zhao %5
AR PRI, SBEERIE R | WS SR A BT 55 L T A A TR A I AR R B[] B
(E2), DR T S BRI i o IR Se i TS . B R TR 2 | Bk, W]
MTAEL R AT AR S AR T, K HIBR 47 0. 047 ~ 0. 490 ng/mL.
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2 FHlmpAEURSTRMNEARFRAR

2.1 RWE/NFTE
SEB AN 5 AR SR AL G DA X SE BRI B Uk, ik R L ERRTELE
ZURATRE, REMBUEITIREIREOE BT, WA 2. GlH, RETE2 h N H RGN Z, R0 SC s Ay
VR BIRT R A SEEG 2 POs AN 7 i, A AN IR TR ASRE 2 L s Bz R A 55K
2 FLibl A E Y B AR T R H AR

Table 2 Comparison of laboratory testing methods for harmful components in dairy products

Analytical method Analyte Sample LOD(pg/kg) Recovery(%) Ref.
HPLC - MS PUERZE 05 0.002 ~ 0.056 84.2 ~105.5 [115]
HPLC gAY Wik 0.05 93.7~103.7 [116]
SPE — HPLC 21 R VK% 250 96.08 ~ 98.62 [117]
FL =R EE w5k 0.077 97.92 ~ 98.54 [118]
UV - Vis = RENE 4105 0.047 90.0 ~ 120.0 [119]
SERS = REN BLE 7 Wik 100 ~ 200 - [120]
CSPNPs — SERS =REE 7k 1.07 90.86 ~ 106.29 [121]
CL it e — PP L g 07 0.92 88.0 ~ 98.2 [122]

2.1.1 @ifEEx AHERERBES . SR ER . AR, RIS P ER AU S
(3@ 7, T (R 2 R R A LA S Y AT S o [ PN AL A I o v Hh A BIL SR 2
B ZREUET . BETREN T B R A SR ik . SROERI SR E, i) R
JEKE— B3 Cui SRS @I — Bk [ A 1 22 28 L0 St rp G 4 FPBRIEZRAL &9, K
FRAKZE 0. 002 ~ 0. 02 mg/kg.
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RO SR EEH T AR PR R L KR B E RO BTN . 2 A R bR
SR WA AT — ik s B Ll S 2P B IR AR AR 255%™ . Kaufmann %5 R H & 43 HER VUARFF
Pk Sk, HERR TRES P 2R AR S T, BEIRIBHRIN S oA 1 we/ke 1 8 FRAHIEIRIR 22451
FRE
2.1.2 FEFHEE RO RLE S E A m e F A0 E bRk . Ho, AR
S a7 i Il VA e i L T & T a3 v T ol = 1 SN BN R < S gl PG S i e
B PR S R R BE R RIS KGR T & Sk 5 e B S: , Nascimento %R H 1CP -
AES [E] iR 7 F LS K. Na, Ca. Mn %20, KHIRYER470. 009 ~ 2. 787 pg/L.

JEFPENNGRE R PR i . R . KIIPRAR . ZRMEVEREIYE . Costa Ferreira 25 F IR 28 Y6104
MFLH SR B . Z 7 EE I E R BV ORE BRI 5, AEEIRVE GV )ROSR & 6
(1), HHFRAKE0. 07 pe/L.
2.1.3 BUAZESHE  BAOPED R2ek . BAER DTSR S Ak R o b ik N R L X
BREIE . AT PRI, FEFLE S 2 R o Wong S5 LT AR 21 SEB T 2R
i BT S PR AR AR RO, K PR A 18 /L. El-Shahawi 2538 53 [8) 4558 45 Wk i AR 22 A6 0 A= 175 ep
B = 288U, SR TRBH AR AL B AR FAR I 5k = BRSO I B Ak 220 57, K HBR M 0. 075 pg/Lo

PR T, T E— P ARG S ERE . 100 HLO, TERR HAR b A SR sk b L7 4
K, FIBERELEREALY R B AR AT RS, TR 1,0, B0 S LA™, K HBRIE 0. 557 wmol/L.
Ali ZEPV DL I AR 43 - S A o T EN R SR S it eEAR SR B kP AR ik SE B T o
WA P 7 SR AECRS I, A HE BRAFEZE 0. 1 nmol/L.
2.2 I E

UGN 7 i A S0 2 FURSI VR s BN FE, S, AR AL PR B S LA 45 R AN i 30 min
B 7 TR IR BB A I A R . I 5 v e 75 2 R L S R SE A PR AF A ) R, A Pt R
B CPRAEE, SIS SR v B L ST R A B PO R
2.2.1 E¥egiE REINERARZHTEINAYURTTRE Y SRR 2 . EilhEE32 . /il
HBEFRE, KEMAGRIATEET T bR R A S22 PCR VAP I &0 1) FC T RH A 09 FL i S
i BUETRR R, GEF — RS TR A R s R AR B PR A PR PR 0. 5 ng/mL,
M E I A 45 A W o 8 A% R ES v BB A 200 R LA B, BEAR T B Hh 25 8 R IV 0T AR . Gamella
R T HARE ALY 5 S R A S R A W SE R R M A AR RS R - BT A F
KR M 4.3 ng/mL,

HLIETEY T . S S ThRE R T LLARH 25 S i bRICAE DNA 580 1358 F @i aail,  ank
T DN A SERC ) A L RIS 2 RS HHER 4 0. 03 nmol/L"", XPMEESHAEX 43 5 Rl il St iy
FHAF YRR, FuZE W TR SRR = SR BUEA B AL 2% — DNA(E — DNA)BIEES . sl 3A
Fi7R, DNA 5 =GR RPELS 58 % = IR IR 25 M 1 R 98 5 5 R o8 . Li 8l i ik — 20 417 1%
DNA 5B 5 =R FURMSE S OLSEUE, e TR R U, SCBL T4 wmol /LK EEZR S ) = 2R FUI IS
I, e 3B F R,
2.2.2 HFRiEE LI - TR (UV - Vis) B hiH B T80 0mE, BT E 2 bR
ORI S R B R AR T T . I B bR A R A IR R R B S B P S AT AR TR 2
TR INFR ARSI

DN BT (Fluorescence, FL)BURGMN REE &, & HFAG NP HE . KE6EY RN E 250
Mo LiZEULUESERT 5 A WP EME SR 2 =R EIE S B, ZRBUEE R EE SR G AR
9k, KRR A 0. 42 nmol/L, Lin % & R T RECE G IERE U K M BRANK ISR F T #4) i 0 % ke
Sof AR i R AR B Z AT T, R IRAIE S 5. 010 pg/kg. Orachorn 25/ My T —FhEE I . 41k
AR T S E A NPT, RS TR F AN RIETERE . A FER Wt Rk %
P DL R S A A S8 0 R SR IR e 1) i W B R A T, BE PR EAT I A s 2V R B R, TR
0.07 pg/L.
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PV,
A No target W 2 YV,
> i > eXG g .
N .
&« V¥ —
e No digestion
SV No cycle
\ N : AN *._."_...-\A
=
3
_I_"-"_r. N eycles \/!;*A;Sc' )
Y & N\
N \ &
() N\ L S
“ v o O + Ty 3
T1 (red part: T2 (red part: 87 (po].y[-dA]sequ‘ence ITO Electrode Melamine ~ dMB probe  Exo III
poly[dT] sequence) poly[dT] sequence) containing AP site) with negative charge (star:methylene blue)
B
4-Cytosine loop
— T28
Melamine
...%-—\.
N\
poly T -a'\\’./ -
n >
—
-
1 /
//
/

@ Methylene blue

&3 FET DNA =HRAARLEHI E - DNA AL R R R B (A) 581 SR MR e B (poly T,) A4S DNA = HifALE
HIFE AR (B) ™
Fig. 3 Schematic display of E — DNA sensor based on DNA triplet structure(A)"™ and schematic display of DNA triplet structure
by adjusting poly thymine fragment (poly T,) length (B)"*’

LLAMEHE R R AT BT R, FE D, S, HAESEI B Ay G o Teixeira
SEE A MDEEFIRL SOG RIS ME R, A s o A R S e ) 2 Rl AR Sk R gk
1%, Balabin %7 R H fhdie /N Sl VAL PRA AL ST . TP ADAMGRE B, ARSI H T
s =R a0, KRR 0. 76 mg/kg.

LR 2 HUT (Surface-enhanced Raman spectroscopy, SERS)#ZLAMGREH) 43 AT X RyEHIE T,
] 3BT B AR B B i, Li 05 il 1 — P S A I B R ER TR AT B IV SERS ZRIE, 168
BHE FE 10 55 B TSROV RER K I 9 by 455, SEIUNHR B PUPRZ A BRI, KBRS 0. 1 ng/Lo
PAERFIEN SR R B e AR 2% . /NI SRSy g 28 S i ] LR o i SR B E
Y, BERIATRENON SERS BRI T4

fb22% 1% (Chemiluminescence, CL)#EHT 21 HAL ZSRAEAN X B 8, pa i) BH &R I = RSO &
Kiti — SRR AME S RO R IHIVER . MR EESHME S L GERI A- g i) =R 5% . Yao %2
FHI DNA BEEHR PR E G B Hh 8275 3% BI(AFBL) , $EHiTE Hbnar Ta il 8Kk - HLO %6, Jiik
K BRAEE 0. 2 ng/mL.
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2.2.3 FHEERIKE BMERUKGED R R H G HZEBEBN, JRLRAERE ., AP
VRIS A AR G R A DR SR B . Bosma S5 FFA T — MBI ZEGIR AN ER PR V0 2 0 B AR VG
PE, PR S B L A3 IR I AL B A A B AT, DT SEBLER PR P R PR E A
Li S5 BT LYK E S B A AR r DGE RS sl 4 PR, =R BURORT HL0, B SE 4+ 2 il
SEAGRRNFE, BBl bR .

NH,~-HO-OH

N)§N

/
\ hw
HO, + =1
EDTA
LMG

B4 Bt fs o i ke RO MR B kg

Fig. 4 Schematic display of micro-fluid electrophoresis chip sensor

[114]

3 BEfERE
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