5 10% 5514 0] (eI e o bl v R 4 Vol. 10 No. 14
20194E 7 H Journal of Food Safety and Quality Jul., 2019

2 A, AL F X, F OE JRK, 0
[Atmrh Ry RAE R ZhERE, bt 100029)

B O SRR RPN E RS A AR TS R, NN £ bl 2 A AR DN AR RO A B, TR
sty EF i 8 A P 22 A I 2 R AR AP BR S A SCER O B AR A O AL BT S BRI T T A, R
FEAEACTI T LRI AT, R DR AR A BT AE P I SO AR NI R R R 1Y) o ]I Xk JLRf 8 P ) i A BB AR 438
TR WSS BRI A RO L AT 1200, A A BCEOAR B DA T AT LA [ 52 SR i 14 5 4R A AL,
& A 0 R AEORE, LA AR VR [P A R I SR R A I SR IBUEC g L PO I A By R, REMS AR A 1) <2
BUEFEE 23 2 HLORSF RO 9 KR PR, (EANIE & 35 A s AR Ak SR AT a0 23 F e R 00 (ol ol B 2 Gk 2
PR PR DI BT AR R A, (HURZORYPRLEA AP OK R . J35h, Bhn 25055 B 25 R A
PPN PR A RS, BAR USR] | EE ) DA S R TS Qe 5k B 20 R B0 . SR MR AR A, fEE AR S
PRI R, o Jo B0 2 U B T LR 1 iR DA

REIA: AR TR, BARASEG S BUEARAEIG REVEEARACIG 2945k B, |G, R sk E

Research progress on food sample pretreatment technology and test objects

LI Xiang, CAO Zhi-Wen, LI Wen, LI Hui, LIU Lin-Lin, LIU Yuan-Yan"

(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100029, China)

ABSTRACT: Food safety is related to the health and quality of life of every citizen, so it is necessary to strengthen
the testing of food safety, and the pretreatment of food samples is a very important step in the process of safety
testing. This paper analyzed the current status of pretreatment research on food samples, including chronological
analysis and topic distribution. It was found that food sample pretreatment had just been developed in recent years. At
the same time, the application scope, research status and advantages of several common pretreatment techniques were
analyzed. The advantage of the solid phase extraction technology was that the sample could be enriched and purified
at the same time, and the sensitivity of the detection was improved. However, there was a liquid level problem. The
extraction efficiency of the supercritical fluid extraction was high, and the heat sensitive component was not easily
damaged. It was very good to achieve selective separation and maintain the natural characteristics of the extract, but
not suitable for components containing strong polar groups or excessive molecular weight. The speed of
microwave-assisted extraction was fast, the solvent was used in a small amount and could be selectively heated, but
the material was required to have good water absorption. In addition, drug residues in food will lead to the

development of antimicrobial resistance, and the residues of food additives, heavy metals and environmental
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pollutants will bring cancer, acute and chronic poisoning and other problems, endangering human health. Finally,

some solutions are proposed for the problems in this field.

KEY WORDS: food sample pretreatment; solid phase extraction; dispersive solid phase extraction; magnetic solid

phase extraction; drug residues; food additives; heavy metal residues
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EL 4 A [ R B A A NI B, TR kAT
S D BT SCRLAR, TR AL BRI T — A G B Y 2
BRI LARRGT B I (R AE I, R FLR AR AR b

e B A IR A R T AR B ) 5URAS B 1T N,

BT, BT 18 SR b A AL BT 9 4R
FRUPATREOL, FUOM T8 bl 73 i T Ak B 35 RS
XFGHEAT T T LI, 45 HURHTAL BET V548 B A AE Y )
A, JF AR TR, S5 Ahemi 125 A Es R |
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Fig.1 Distribution of food sample pretreatment studies
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K%t 42, MG 4 B A Ab B4 AR 2 B T A AE
B, Ay EZE B R AR B, T e A I X 5 v 24549 5% B
PR B INAR R 2 AREME S 74, LEihnsE
A7 B SRR A DU 43 2 —, 4 R ZHCHSER RIS ST, Ui
TE B fb BE 5 R AL B X — U T AR SR A B . IE A,
SEIGPEIE SCR 2 HET X R —Fp sy, X iz Skt K s —
SRR PERY e (L 1),
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Table 1 Literature topic distribution of food sample pretreatment

e BRI

[é] AF 2 5 14112

S AR £ 1 5569

T [ AR AL 964
LI S I A 2 H 11104
Tl i B AR B 1231

A TR T AL BRI X 19127
YRR (B2 RE) 3415
ARG R . B AERMERS) 9148
HAaJELE 5274
AEGS U 6468

Lik 12343

it 47783

3 BEmFmERA

3.1 [EHEZERFEAR

[&] FHZE BB R (solid phase extraction, SPE)& H RijfR 3%
XA —RRE SRl AR, DA -V e i B S il X
T TR o i N2 [ 3| v P T B 1 BB 5 NE B A T e
i PR R, g Y e, BEY S
AR I A AR A O MR T I 0 1 b R e
2R SRR RN, SR TR A . ERE L VR, BRI 4
AN BRIEATRE S DAL B, X TR R A e R R R
TR R 07 92 15 5 W 0 (RIS D ARG TR 551 7 12 L
FERE AR 1, DA ) A b v 72 D0 400 0 T
S, BRICLASR, 55 R R0 A4 b 2% AR A A o
/INo Giovannoli ZPIET 16 FIThRESAIR, 4 FhaglsIH 4 Fh
AR BELERIGE T 256 Fidl ARG WIE Tk eA T4
AFIREFRFE(pH 3.2 1 ZEFIFT R EL 2 v i) X R & &R
W&, HRREAT %8 X & B RIFES & Rtk
HIREYITIR  RABEBE T ST il 45 i T IR IR - 1Y
PR IE R YRy B A ZE UM L, AR B R 25 pg/L
(64%+12%) . 50 pg/L(83%=5.6%)F 100 pg/L(76%=4.5%)
P ST 2 R PR AT AR B A meR, LR Ak
BEFKV-H 25 pg/L IPAS ) H AR H ) S 3053510 5.6%
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1 7.6%. Lehotay S5MRFSTIRR T —Fh4: [ 3h il ki34
FE R AHZAE AL AR (mini-SPE) 7E DU I He A 0 33- ER T
i (low-pressure gas chromatography-tandem mass spectrometry,
LPGC-MS/MS)43 8 i i i A 25 FN R 5% 75 YL 1 J ThT 1Y) L
Mo A6 5 d B E, XF 10 FOREEYCER | Bk, 2
bR B BT, NERRL. TR A
AR 230 FOINEREEBAYIR T A Sh AT AR A€
ARHATEACTN ST, I ELAEAN T 2 FHT S 3 R AL AR 1Y
HOUR, f#H LPGC-MS/MS Xt 54 Bl 25l 43 Fl kg 15 Yy
Watts 7 325 Wordr, A RY A S mini-SPE 5
LPGC-MS/MS Hk FHITE KA B (A b 7™ A T HERf (4 45
[ B 9/ 1 55 8 3 FECHE o A 10 A, DB TR A RO R
HAARE I & e AR AT & o (AT REME, XM I5En
R ASUTE T X T AR it 5 ) 8 OBUA T 25 A RE A 7 [ AR
e, HORIARZSR SRS . b, fEHTIEfL . ¥k,
TR 50 S TR Yy [ A 2 TR AR S, BESRAE VR IAT T B8 3 i Al LA
RIS R B, AR B R MRS R 2 R AR
AR M, DR bt R T [ RS2 [ A % B AR I ) 2 75 A DR 11
R, AN RN T R AFTEAS BN [R)
3.1 HaEMER

SR AR ZE B (quick, easy, cheap, effective rugged,
and safe, QuEChERS) 7 iA¥s K B 42 i, L H T
B A T AMEVE SR S AT, A0 TR R FNG 35 P Y
AR, R R IR, A8 AR AT v ) v
BER . FEAPRASE: SRR U S R e
WL, SRJG BEATEAT A0 )2, P B0 1 5 2R IR ] C o
SR M I 2R BT R 2SR B H Y . SIS FE I —FhE e
A IR TR 7 T B A5 i A 0 T B BB oA g [ b T L2
BORE S s B Y 22 R 2, A [ 114 WA B R R AR ) 179 32 )
JE, Cig AT LABR 28043 00 HS BE2E Z0 0T, {11 i (primary
secondary amine, PSA)# 5 C g Bc-A& i 55 W FFHAE FH, P8
A 32 AT LA 0 SRR A, BR T IX 2 A ASME AT
A A AL i R ALIE — R AR GF B WA . 5 AR AR AR L,
QUEChERSPUEAT [ CUBURR A I3, A48 PRt B i i 45 L XoF
TR0 B 3 A R LA 4G . SRR O AR L
RAARR 7 a7 1 fofT FH 3 RORE St o 00, AT D820 S 3
DS E R i, T ARG RA I A w2 bk, X Al
Ty 1 Se i R g B AN [ AR v R PR e 24, LAy
Br 25 T S5t (Fu. 435 & 55 Jg 17 B gl il b B SN ) 5
AR A, BRI 2 10 T AR RCR 2 20 E
A k) QuECKhERS 3k 0] LAAE 43 A7 2k 518 e g
AN IG5 T 44 BCAS RS T, SR FH i o7 oy T 92 il 2 A
F, {145 NaOAc. PSA I Cyg HYJHHE, AT ARSI 2 217
B 14 Bl 2y, 1REIEK TR 25 B EDICR>82%, 4 FiER
PEARZG<80%") . 38 1 5 0 i L T AACHI I A A
G HTARIE NP AR | AE R A LA 2

UL BE 48 TR A5, 18 3] IR TE 70%~120% Z (8],
RSD<20%""). 2 i B B IS Y i AT WIS YLy, Wndy
MUGEARZ 2 AR, EATERRII A PR, S0 ANk
{a B A 7 T B2 . SR CaCl, Al PSA 2 B %) QUEChERS
D5, e R R R R e R LU R RO RS, 2
A AL S AR 2 A0 22 U IR 1 AS0AH 3 - S 6 T i
(70%~115%) BB EN T IRIFHIRCER
3.1.2  EhbEEARFIR

TGk [ FH £ B (magetic-solid phase extraction, MSPE)
AR R X AR R e O B 70 A 4 BB 0 8 [ A A B
Ko ETE BRI HA R K R R T
BARALGERY E AR AL ORI FE R A s v o IbAh, 7EAEIK
PARINICE — AN RERR, AN BSOS I, TR
Sy WS 3 B, AT Sl A TR B ERE . MSPE 2R
)5 FR 5 1k 49 K i T~ (magnetic nanoparticles, MNPs)['2, H
RIBFSE i 22 102 FesOy YKL F1), 8 J2: piy T30 ol Bz i 51
KRGS FBIE RS KRR, BT — S pi kbt
BHOBM T, EIBERYORE M B, 7€ MNPs R 1H &
TR AN KA R AT DA S50 A B BT S AR A T T3 1 7
(TW-20-C12 H1 TW-40-C12)f&4i E o HAT ARG A pT TPtk
AEE AR, e AG 5% [ i 28 25 1k A st vl A B 45
MR, BR T IR AT MR & 7. EAE. RE
WA TIE M . MSPE 76 £ AR S 8 rh il AR R iz,
KRR FREEWRIEDZ —, BRI EZN
T, WERFERUKT R EE . (AR TR A AL
AR I it I S S A B ) 5 PR R 2 O R b R
W R B SR R TR AR B3R B, (R, s —
RS | BT EREME . A S T R A
DRGSR AR A UL ARG g e 1 3%
— )R, i B T RE AR A A IR I Ay i R 4R
TS 8 T (1 A7 S0l AR AR BB U, K ROBGR I A B i
W, AT LA G i RS S3A  (S ER)  E 2R
T, SEATRIZLAER 3. SR 5 IR AN R ATL A ek 77 8 [l
WS AR HT I R, IR o BT e it ok, F
RORURE € 1% - H T 55— DUARFT Bk A T b . 52 8
FHB T I AR e, MSPE 9N R K AT Ak T4 i 19k 1
B S A I RS R 10 min, R—{ERSARSLIR AT 1)
BRI HENEAEDR h I — 28R,
s A3 BRI R R 5O S (LC-MS/MS) B L H
R B P RIUE P N U Wte o o w3 R S DR €5
REEGE RN R AR . gikintm . IS4, AR
TF i RIS RT3

3.2 BIRFRRIAEZER

G R AR ZERRH: R (supercritical fluid extraction,
SFE)EHUA HLIE I 22 BUFI% L M ZZ IR R G5 Gk, AT
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IR G PO AR SE B2 B S BB 4 . alidk, XA
LS TIRBUS R . AR AR G R B
BRI, RENSARAT Ay SEI R B 40 HL AR SR B I R
SRAEPENL (B B s 7 T AR S R 5 A st A S A B
SR K AR AR R . B I S AR TR B LA v
v R RE ) AR R BB B RE T, B — RV RORPIHTR &
P — M AOR A o 6 B SRR G 1 A B A 2 ol A B AR R
FEFNE Iy ks bl iR % B, s HOs v Re ), FERAE
R4 B 5T S R I ST e A il JE ST MU B A, B
AL 252 SR AR T R 2w, (15 40 25 1 2 434 Bk o1
K TR/ LA RE 1 0 AS [ U R 5 A I T 5 77
WSRO T F B E Y B S A . B A Ak
JE v R P R I R AR R AR AT DA BEA T IR AL 3, ) dn
Bt RO S e i B R, IR ANA BT AT
FEHg S I R ZE I AR R R R EEEHE
sn A FEIFFGR M, A TR IG5 CO, BB T Lk ik
AT, TEEL RE ., RESERMILE . W EZR K, 3
FEIM\ 20 4 80 AEACAS A TF4f A7 2 T Hh B 245 B I LI
OB FAEEURSE, BTt O s TR IR, A&
FAE LR A A B ARG AR, BT IE
SRS, FREHHELE AR 10 L/h, JEJ7 60 MPa, i
JEE 40 CCHIEIR 270 min /2 H] T HIBOR G52 B RSCR e fE
3.3 BUKHBNEERR

Tk B B 25 B 4% R (microwave-assisted extraction,
MAE) /& —FFI| F S0 $Of sl v R 2 g i b E
B AT LI R MU A D B 5 1, ZETUAAILREAT P A
— 012 e AT R R U R DA ZE I ZE IO A T, E R AR A PN Y
U 200 FEL R 245 AR, WROCAIR B P 7K o BT LA {6 400 e Ay S L
W B, TR K T AR K 1 RE ), RT3
MR, WAL . ZRA B RS, #EAT 5 B AT
AT T R ZET o 53 S — S I BB ™ A= 1 B W A
IS A T ) s R SR TR SR R, B A s S
T, KFAS R AR A, T LA/ 2B B ) 5 HL
FEARAE U B, FoR PR MR IR BT & . 5 H oA 2
AN T B T Blind Al B 2 T AR T LS BH PN A1 TR R A T
BRI, I H FER AR AR5, AR B
HEDORBNR RIRBUE IR AR 50%), RIEE HF#H
AFE R ST o B2, XTI, sniieR
HABMEMIIE, I HERYELEA RIFBoKYE, & 021
P XE AW WO ke B B i, I HLAMOIE 2 O 20 4 1) e A
P 2s . XFAEBOT 2 H T A i is . KR
R | RZTR AR, S AR PO AR A Gk S 15 G Bl
AP B AEBOLZE A, i AR M IR Sy B — SR )
X R RN oK R B R AT A, AR R4, JFE R
AR BYAEICRT LA S0 R (L SE 6 2 B, SEPE kR

i ORI PR 5 B AR 0P A, 4 R S AL SR ],
R 15 B D R i e A PR AR o Fipls ZE TR e AR AEZE T
R B R IR SRR, AR
E R R T s R TRERSEBE NS, £4
e L 55%(V:V). BV EE R 1:34(g/mL) . HRE R 47 °C
FIZE N2 7 min P DB K B R AR TR, I HOW 28T
LE ST KNG Ry s [ B> 2 v > 8>t ]

Br T TEAHZE BB | G SR ZE T AR | T i B
EWAEARLISL, &R RS E TR EZ 2,
W BRI R BB AR B L 25 A R i B . 28 AR Al
PR B R W] AR G-l o F B S AR 28R B il e . H
TR FE A IR B BEEL 2 0] DIARIF Y R DB GiAE S A7 A
PR T BB AR BT FERT . AbPRRSCR ANEESE BN, SEEALAS
I, EFEME S . WERGE R . RBUE SR, (BN T AR
D5 AR BRI SR AE AT 2

4 BmEEETLEAENXTR

4.1 HMERBEZH. RD)

A2 A R AR R AL RE R R ) | s
2425 AR R A e S A, XS 2 AR B W T
NS S, W3R g g 28] M ) {5k A
FESGE . SR P R R s R E 2
WITR 2L S J, U4 SR B 288 — AN 5 £ ) B i) A
i S RS AR EZEE, s sk Rt
2ok, Sl IE ERE AL, T AR BRI, B2
S5 Y N T ERE AR B KR . ShAE, i B ANk
PRI M e T IR . BEE RN, 2546
WY it A e AW 5E 35, B T 30T BAL A3 Hr ik o
MRS . B RIKEP O, G Ak
AT LAEATAG I, Ee AN S e AT I L et A pr k.
FAREE BN Ry I e B A A e A ) ST PR R
PR BB 2K, 1 A e G 1 TR 5 ol £ R o
f R EZPY, IR R 99.4%~106%; [RIRE, —Fi i
THR A4S A FLIU SR AL = R AN TR AN 6 2 BR TR A A1 30
B 1 8 U TOAR 28 S e AR A X R s Rt e, BA
K FRAR (15 pg/mL) . MM 9E(0.050~16 ng/mL) . 437
NI E.(3 min) | B PR o AG IR0 B B B AT 0 A

1 b 24 A 2% B B SR A DL LR Al
Ml 1 TN o A 2 it AR 24 B R R X v s L3R
e, e TR A A P LA At VR 0 st 2 T T e Al 1
Y. 55k, B TR AR R 2, AUl A 24 LA
HNE S AR I 3 R W R B A 2, e S BRI
BBy o, XY E . B
(4 24 SRl AT 3A 1400 A, AR FEER O] L R AP0
ALK MR o 58 P AEDUAR MR 25 2577 P Y e R,
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Hana MBS A 2y, A5 S mEARmAHALL, E3E AR
Jae 5 OB REEREAS G, 1 2 WEARREAS BEZK A TR it 35
FRE R A Xl e D R B Xy . B I TR A 2455k
BRI AT AL PR AR P, 322 WA AR IO | Bl 4 B 4K B
AR, AR IR A S T e R . AR R BN
JrEERisA, ATLLS HPLC . GC R MSPYFH . s B 2%
B COTRT LA S e S A A0 Bt E] L 3R R AT RCR, I B
BTG YL/, B4 SR DTV HPLC- 22 AN I ik X = M |
Tl . AEOREE . XERBEFISE X 5 R A Y T
FREAMEAT T Ay B A, A5 B 2T 0 RIS S 35 [l i R AR
67.5%~101.8%2 [0], RSD<16.2%,

4.2 BEIARMF

£ SR IR AE A N T AR 2 A i —FhoAS m] fle sl
O RE AT AR = B i S T, R AR 2 T S AR
SCE I RS BAR I TR 0500 S0 2 X A AR ™ B 1 S 5,
R, A6 S RE S A AT AL BT R 2 e, SR e e <l
HOAE, EEAMIUE: SR, WA, 6€%E. &
i R R 4 O™ S A A R T LA [ R S — S Rl
FABT, e R A ol FH 22 Rl o) B0 s i 107 23096 K A s i 0
A HAE T ERAZRABEL 1, (R iE =g
NPT i, SR EIE T RS IR A4 i A AR AN
HCRIAE A SR KR B B SR sl 7 A 7 B 2B
s, SEERAR IG5 R T v
M, BRBIMADESHMN, HERTAGENE ™ Y&
FEEE NS R, SR, N T IRF L
I S AR s B RN AS, — A7) RAE B S Y i
SR B P BUOA SRR BURI

H Al S SIS RR S 00 A AR BRE R IE AR W & S
TR AT B B T R R A
PR BRSO RBCR R E LSS A T8
FE S YR 1 i B A3 R T L 45 78 A (E R R B ) () 4K
T 79 A BOGE P U B RTAR SZ 0 i —Fh 5 i, HoA 2
BUARI . SRR SRBGEA RS, BRT X i AT H I
TP A B S MR O . RIS T T AR AG
DUER LR I | AR MRS EH R0 LS AR a1 b it ids fin
T 208 R R Bl A T v, O TR AR B e E
81.6%~115.0% 1], £t FR7E 0.25~2.5 mg/L Z [a], MR
Lg=
43 EEERRE

TR IR, DRSS FES . RELINTS
IKHE L S 30 1 4 T 4 G e () A0 - A e, KR
V(R A e e 2 NSV I ESIL7/F N A PPN
SLRSMEFE R E R, DRNE SR ARG AR
NG NG, B m 7 faE M., B EuRn
PLAr iR, —fie AMATREMEFRITE, g, H

n

S RE S W R N R I, AR A A RER s
Sh—REAFENESEICE, WUANHEET &GRS
Ji o ARPEGET RS R, A 2 TR A T YT ey e
X2 A BT R AS B AT WA VE L, B o R i
M FHEAPATCRN S, TEEH TTRER BN AURTS S, Bk
VAR . De ZEUSVFI P IR R A Do g i £ G o
B RAAMEN &, HEXE H 248 AR (TDD K5
Mk, & PR Jie 8 (0 JE AN ), — ARl 224 w4 14 & s vl
di %42 8 TDI T 42%~79%, T B () JXURG: 25 5 e AG I 2 1)
HEJE PR RN, KT 248 AR 100%, X4z
BRI ALK Z R R S P EE KRR E S
JEIRER, IR B SRR A (4 AR PR SRR AR A B T
& E 4 JE AR B A . H AT SRR A Tk L IR A
g8 0 X £ A BB A B AT AR B, SRS R TR IR O
B RPN . AR S A R AR R R SIS
PEATRIN =) S OUR P e Ak R B AR N S R
R A E R RS TN R, A5 EINER IR 82%~115%
bR 725, Ehhusng . AR LMY s aT BEAEAE
TAEPIERER . AT YL S, TR A SR b A T AR
B AR 2 Ak, A RO AEY T T 2
44 IMESEY

£ dh R IR BT e ) R TR X sy T SRS
o EEE R E A A R AL A R TR S, R ERE T
EWEEN B4, SRR TS e i 2 E R | R
K. ZHIFIRARMERER, IS0 AR A 5w . BUm 5%
PN S NI PR N OE TS REE S 7 N alll e ot o1
WA TS AT . SO % - B DL R
1o SRR B i, RS T T (AR i T A B B i LA
A RAERES . T8 AP A A 1)
Pk, o DO ST 7 [ 422 3 4 T EDK G g2 W A 000
(enzyme linked immunosorbent assay, ELISA)AGIN 5k,
X RRFE 3 a4 )m S s b e, 13 8RB i i
KRR A 0.04 ng/mL, A5 RECH 3.28%~14.9%, JrikE
RN 99.8%~106.6%; I BT A ERAK IR 0.04 ng/mL,
A SERECN 4.63%~12.9%, FIRFEN 97.23%~111.26%;
B A K R KA IR S 0.08 ng/mL, 72 5 R H K
6.23%~14.58%, [EIFRA 100.99%~113.81%, FH7k, X
G APV ST TR SR - — DU R I A A A
XF 43 FhIREETS Y W (B G e Sy . SRR HRER . 20
AT AT, 16 1~100 pg/L i it vk BE VI B N, HH G R %
4 0.9956~1.000, LLPEICHR RUF, L4, AMTAB T —Fh
BRI G Y AR, L P HOR AR TR
W, FHEMLA R IEH Thag, Sm Ak k& MR, ES
TR AR R AR HAT Rt . SRR e AR R
FERL, ATRAG Y 4 KIREN T, Z&aYEEAlE L5
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XPE AR BOTEE. FHET, SRR YRR
RN B T R AR ER IS S, MR . BRSO
LR B T R AR ER AT AE, X L8y TR TS e i 5| L 1)
B2 A R R 22 O — UR T A DR B AT 55, 5 B R
ARG Gl IR A S AR E2 iR A%, Rl 3l B BRI A L2
o, BERAZER B A

5 REERE

T EXTE RS AL AT IEAE 2003 45 A B TR TR
ke, I FLAFZ I PN 28 230 3ok AR AE B I SR AR A B
T B A B 2 R0 T B, WA Y 2 sk e . s
. AR LB E Y A TR . AT AR ST
[F5] AF A TR AR B D 3T T T L [ A 5 B 14 4 A
PRI A R BE, WA BU R, I AR
F, 0T LLE S A BERE &, (FE R B A TR X i A
P T B 2 R AT A5 A REEA T AR, FLVRIAZER
TR, B, AT . ek L P S R Y [ AR
FEIRAERT, R AETROE T B RN THAR AR B A =] 1 7%
F, T0AG R B M 2 X 46 R R AR R, TR I
T ) B0 P AR A B AR Ry PR A T e B, I L3 1
RIS TE TR IR . P R AN S e SR 5T L
TCERIGRE, REM ARG IR PR 43 B ELORFR IR B W
KARFEME, (HIR RN 43 U0 SR & A s A PR 3 P o0 F b i
e (f HE HAR A5 PRI o B 0 B A8 BB A e 3l e
R R0 DUSGE B N, RIS & R F#ORRUE 1Y BT,
(B R YR AT R AR K, 75 DU 290 6 e L R WA Al i
¥ A0k, 3F B RBOS 4l ik BbE 522 . ik
255k B 25| R BT 29 2 e R R R, SRS IN |
)R USRS Y sk B Aok B0 . At s
[EIf A T PNE ST 2Y N e 97

£ R S Y A B A7 AR 1 22 1) R A e, A
Je BOF SR AERT LA RAT JLAN T el it

(1) BP9 5 BRI B % ARG T BUA 98 LR 25
G o VI EZN T8RS 40 T BT £ 6 T B R A
I s AL R R TR L E IR B R AR 4k,
ZEARER PG, WRRHREE NN S, Ea
A5 e B S AR A 75 7 PN BRI S (BT oR T IZ B
FHTF A i A ) 4

(2) RAZFHART-BR 0 7 ik v IR o — AR
(e 5. NI A Fl QUECKERS, Rl [ AH £ B L
LPGC-MS/MS $5 AT LIA SR 2 A BUNRCK, (H IR XAt
H IR ATE R R, RAA—3B X 24528 T
7, DR anfa) i 22 Fl i b BB R IBC A, JF HiE4gRh
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