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94.0%~106.2%, &5 KA 2.1%~9.2%. FESLPRFES AGKLIN H, 275955 ELISA J595 M1 HPLC J7 ik & iy 45
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Determination of ampicillin in milk by fluorescence immunoassay based on
quantum dot secondary antibody conjugates
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ABSTRACT: Objective To establish a fluorescence immunoassay for the determination of ampicillin in milk
based on quantum dot secondary antibody conjugates. Methods The red fluorescent quantum dots (QDs) of Qdot
655 were coupled with the secondary reactance by covalent coupling, the prepared QDs- secondary antibody
conjugate was used to detect ampicillin residue in milk instead of the traditional enzyme standard secondary antibody
by fluorescence immunoassay. The method was compared with enzyme linked immunosorbent assay (ELISA) and
high performance liquid chromatography (HPLC). Results The 50% inhibitory concentration (ICsy) of the method
was 8.3 g/L, the limit of detection was 2.5 g/L. The blank milk spiked recoveries were 94.0%-106.2%, and the
coefficients of variation were 2.1%-9.2%. In the detection of actual samples, the method has no significant difference
compared with the results determined by ELISA and HPLC (P>0.05). Conclusion The method is accurate,
sensitive, and suitable for the detection of ampicillin residues in milk.
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Fifi 5 7 [ 5 Ml i PR R TR, B A 2R P I R ke
IR, FERI B RS ISR &S PRk
o) B g5 7 di N, AR 2 B e R LA A AR Y L
TR A W RN S XU BT B, AR U SRR A58 A5 A =
5% B8 I AR 0l 2 AR N i 3 LE R T RESZ B, S BEUR
W R BT, a3 B M@ RE . IR TT AR AR 5%
B S B 15 Y B B RN — R A R
ey, FELEW R R R I A H 2 5 ) R4 IR
F X2 T AR AR B AR IE, BREAUE A AN E
R 1Y i = 5% B PR 4 (maximum  residue limit, MRL) W
4 pg/L, %A 2y B 4 PR (Food and Drug
Administration, FDA)MUE PP A N HF R XN MRL i
10 pg/L%, FE A ARFTE 235 A5 HUE P T HE R
9 MRL # 10 pg/L!",

HET, X&) ah R s SRR e EEA Y
FROHTIE L A R 0 M TR s 2 i i), R
ST R R, BAENAE B B, BT B
YIEAE NG GRS Ty %, AR, MR AR AN,
JZ R 2 Z A, H2 R R, Rz R
G JZE o TN AT IS8 P e e . B R BRL R B T AR A TR
SREAR ORI B Ry R R of P A R O 1
P 00T Bk — 2 R ) A 8 Ay ik i S PR
QDs(quantum dots, QDs)f¥)H B A i i@ LA ok T —
MERW T H ., QDs JE—FlE ARGUK A, SESA LY
RHUELL, HEAGLIGRRE . DO E S . RIEE M 5 B4
SRV FEAAE Y . TR R AR RS
T 25 400 S A5 3 T AR A A 49 5 R R R U0, A b
B R B 25k B A I A AR & R AR il
F o= ORI e i Aok 3 B IRI 2 & Gt K 11
WP 3R A BT TR, 4351153 T OD610-41E
R G iR, ODS65-HLIUIRFAM OD520-HL iR & BT
3 FhiREr, S SR RO CRIE S PIE, FEEFRAR I
WL FES AP SE B AR 3 B AR 28R B I [R] B A,
FR AR S ELISA Jr ik BEUERf S R B (H2 BRI TR T
RS TYUBB S A W ERIN A T AR H S R A
XD

ARG R AL B0 7 2394 Qdot 655 AL ABO LR
5 T HUEEE, FUHSSIR QDs- —HUBB L G
Fr ZHo R A 5 2 5 5 % (ampicillin, AMP)g% 3 Fail
(98 G S A3 T 7 v, IR T 1 5 TR K i 5 R R
(enzyme linked immunosorbent assay, ELISA)FIEL R AH (4
&7 (high performance liquid chromatography, HPLC)i#17 b
&, WmITAL QDs- —HuBE T4 AMP 5% B A 119
AT, BRI L R R AR S

2 HNSHE

2.1 MR
2.1.1 MBELHEXE

Sunrise ZEYEHARL(ZEE Sunrise 24 7]); Unicam UV
300 306G TTH(3EE Thermo Spectronic 23 7)); Malven
Nano zs90 20K k742 43 Bt H A8 L (3% 1] 2 R SCALAR 2 |
DNP Ui I 55 746 (- VA 26 15 45 A BR S 7]); Waters
2695 B SR 3% A3 (35 [E Waters 23 7] ); MGS-2200 A AY
(H A Eyela 24 #)); Milli-Q 228 F/Kk & 4= %% (3¢ [E Millipore
23w LD5-10B BLOALAL R BE A ELOHLT); TS-100 i3 £
ARG fr (EAE TR ), WH-2 e iR S A (IR
P BT ALES TT); BSA224S 4p M K F- (€ [ Sartorius
Analytic A F]),
2.1.2 KA S

AT AMP-OVA | Bg EHUIR Lt 48 LE R A= 4
HARFIRAW); FHi—HiER KPL 24H]); Qdot 655(Jk
SNSRI BB BR A Hl); EUN T R R R AR
(£ Sigma AF]); BEEAACREERHARAT); 96
LA EAE WAL= RO | 96 FLEFFRR (32[F Costar 2 );
(N- 55 o T 0 e HY 366 ) B8 & % -1- 98 R BE 11 15E 7 e g
[(N-Maleimidomethyl)cyclohexanecarboxylic acid
N-hydroxysuccinimide ester, SMCC] . = (2-3& & &)
(Tris(2-carboxyethyl)phosphine, TCEP)( il 5|
Merck-Millipore 23 Fl)o

A E R E RO KA B R A B fR At
22 FHRIHTSFE
2.2.1 QDs-—#ABEE4 4] & 04 R 32

QDs FIAEHT R A A B iy B s 1 BF
MNo SMCC &—FhSmii 32N, 70 745k b — e
BV IR BE A B FAGE N e, 53— it A 0 A A B G 1] 0 ok T fz
o i) H B OB AR R BRSO EE T . TEM IR AR o, R
SMCC 3% HME IV JYe KL A1 15 b & 2 AL O AR Y QDs, SR )5 H
TCEP £ i Ab BRETIR, IBTIT — o b, 288 a5 SMCC
P14 0 A P e e DAL S 7 A S e, AT S S K
222 QDs-—iufaikdn$ &

#RE e 1000 pL & AEBA pmol/LYHANA
20 pL 500 mmol/L pH 7.2 MIBEERENZE rhiFM N 16.7 L
1 mg/mL ) SMCC iR (BLBC B, MRS, 37 °CR
1 h, 25000 r/min 5.0 15 min, F2 F3%, A 10 mmol/L pH
7.2 WYBERRENGE IR, R 1 K, EBRZA SMCC,
R B AR AR, (RO

ZPEAE: 200 pL FEARIC PRI mg/mL)HPAIA
15.3 uL TCEP A # (1 mg/mL), 37 °CJ 1.5 h,
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Fig.1 Covalent coupling reaction pattern diagram of QDs and antibodies

- R TR R TR S TR Bk
R4, 37 °CIZI 4 h, 25000 r/min B.0> 20 min, 3¢5 Fi#,
Bk, B 10 mmol/L pH 7.2 MITERR N ZE nhis i 2
%, BRI Y.

223 QDs-—H AR LT

28 6 4 6 6 BE TR 2 kS, A pH 7.2
(10 mmol/L) Wi B2 h 2 i W 43 I R AR EXTT /5 19 QDs 655,
PR WK Ky 360 nm., i Malvern Nano ZS90 I & 4% 5 8
BeAT IS MK A Rife B R i 3, K RBET/S 9 10 pL QDs
FEM ALK BEZE | mL, #AnifEli 7% R FLISA
DK IFR LT BT L YiE Tk . FIRRIR SR 22 i i LL B
TERERTAE IR 1000: 1(V:-FFE, BFLIIA 100 uL, 37 °CH
B2 bt IR VAR, I 1% I BRI A 150 L/
fLo =W 2 h JRIAFEE 200 15, 400 £, 800 f5AYfHEE "
#1100 pL/fL, 37 °CIFH 1 h, Peik SRIAT, S (@
it A SRS 52 R
224 FRVRE S IBIRM AL N F R

BHBBCH 33T 25 °CHI 37 °CHYSAF T il E—Bemt
], # 0. 10, 20, 30. 40, 60 min fYASA] 2500 %E ol
SEREE, DT BE 4R I B o LR il /N R oA o g R B
225 REIER B G AT IR AE G oh

BB o 5 B TR L 2% 0P . MR AR 2% sh i fn
0.25% % 2 I RV — B E], #E 0L 10, 20, 30, 40,
60 min (B () i 0 2 LS EaR BE, 30 ol 25 5 A AT S TRV T
1 MBI SRR PR
22.6 #F QDs-—#uABF4h 49 FLISA &3

W 2 FiR. ¥ 96 FLEA GRS I 6005 I AR B B bt
B, IARENZ Y, R 259 S5 Wit Rk e e & —t,
J N IR e A R N, BRI, TRINAGT i QDs-ZHifH
YIRS, MY SR &, &8 Pk
AT, A E TSGR B T AT AT . SR
B R/NS PR SS A B —PURIE t, SERMZP & a
R o

A fin AQDs—
FbrUER | 7 ‘ ZHiREY
—_— | @ @ _—
'y Yy
w0 UgHE 7N

K QDs-— i) @ BRIy
B2 Fuse s A

Fig.2 Fluorescence immune response pattern

2.2.7 FLISA ik R AL

T2 50 I 2 4 8 R A TR S O BRIAE, DAY
B ARG S R A S R 25 PG BEFL AT 100 pL PBS ZEihifk
BB IEAT A, 50 uL (14 0.25% s 5 1 Fi B0
50 pL (9 QDs-—HUBmcy . HAARLBRINN s (1) gk
TR AMP-OVA AL 2% o 6 il e i A vk 2
InZEEHR, 100 pL/AL, 37 °CIEE 1 h, RF 4 °Cidik;
(2) V¥ MRFLNWAR, BFLIMPERIM 250 uL, VEHE 1K,
SRIGHEWKAR AT (3) BHH: AFLIMABAE 150 uL,
37 °CHaEMEI M 1 h, 0T @) ke MARIIFE R AMP
FRifEdh 50 pL/ALFINAGE AR B PLIR 50 pL/AfL, 37 °CIX
N 1h; (5) PE: F PBS W WRUE 43, 250 pL/fL, B (H
B 1 min, 7EWOKER AT (6) I QDs- —Hifliiyy: AL
JIA 100 pL QDs-—HifBEEY), 37 °C/NL 1 h, P L,
s (7) WiE: AT IE PR KK, 360 nm;
KK, 655 nm)I E 5 GIR A .
22.8 3MFIEGFEBL

a5 W E B¢ 6 e 9% W B I %2 (fluorescence
immunosorbent assay, FLISA)J5 % . ELISA J53: 41 HPLC J7
bR ERT 28 . FLISA A7 A%E 6om B s A Ak AR, LA
AMP FRE S XSO R A AR, T Origin 8.5 K44
bR AERZE, IRk 1Cs (8, LA 10%A 30T Rri ik i
GMIFR . ELISA Jy ik rp IAHRI M AMP #0449 OD 1
RYNAEFR, DL AMP 3R EE X ECN AR RR, F Origin 8.5 %K
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PreilbrEti g, IR 1Cso, LA 10%3M I iz ik m
KRR . HPLC J7 3502 It AMP ARl 26k 15
2.2.9 B R E

A3 BIMIE FLISA J5iEMl ELISA 5958 LM,
WEPE AMP [FRZPIBZEPIM . HHER G, WEER. KA%E
. BgE R, BEARRRIERRE, B AMP bR
ERVATRINE, TR LR
2210 HHRRF X

HERRRI 10 mL ELECATAMIED] 50 mL B0 .
# 10, 25, 50, 100 ng/mL % AMP, R RAERZ B
MR, BN 20 s, EIRHE 15 min, &AL
W 1 mL FIFRER A 0.5 mL, "z ZE/D 2 min, 7000 r/min
B0 5 min, B EE 5 mL ] PBS # Bt 10 fi5, & H .
2211 WKERTFZAHMNZ

$2 10, 25, 50, 100 pg/L 4 NREEINZS A4 W55,
FAWRIEAE 5 AFATHE, MEZE M. #IMH Origin 8.5
RPFTIRR, R LR T R T AMP i
2212 FEERAf R E

IR T EE FLISA 75155 ELISA J73:#1 HPLC 77
EER 50 By SR IR P AR E B R E L,
DL X QDs- BB - L F AR A I A= 7 v 88 75 85 3%
R B AT AT EA T A o

3 HER5SH

3.1 BEEE

PG A ARid e R B R AR5 4K QDs
QDs-—HUBE Y eI 3 iR, Hrp gL st
TEWE R QDs- —HUMBRY D EtIEE, AT 4L QDs
TR, B & S AR SR A 28, 7E 655 nm Ak,
[ 454 ZHU 2 5 10 QDs 9Ok A T F Rk, EZREMT
1E QDs IEAL AR5 (bR ic P ai bt 2 T—34 QDs i
ALY
800
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600 [
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5 /a.u.

—

0 1 1
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P K/mm
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&3 RECHTS QDs B2 HEF H A
Fig.3 Comparison of fluorescence spectra of QDs before and after
coupling

KAERAE4HT: 8 Malvern Nano ZS90 Il % /K A

12, Sy R A SR AR R R AR AR 4 Bios
R HT 5 FE A B3 7K K42 53518 31.54 nm 1 63.44 nm,
BB kA A B A A A B S, & B o o5 R
BT Hinbilk,

—— {BIBEE QD655 —— QD655

15
/!\
a 10 Y \
5 A
0 : e S —
0.1 1 10 100 1000 10000

RifE/mm

Pl 4 i 51 QDs 655 fHIKHETS 99K FAZ
Fig.4 Nanoparticle size of quantum dots before and after QDs 655
coupling

RBPIEPE AN SCIA ML AT FLISA i
SRIFAl B S PR . S R BRI S
AR BETUA S PO MR 1 PR, 45 R U0,
PO IR SR 65 B2 3 o, R WP I K
ARSI A S ROV, RIS ) “HT AT AR E, Al U
iE—2 N

#1 FLISA RN4ER
Table 1 FLISA reaction results

EiRENw EiREN Y
o e
TR EL = 800 1 1600 1%
e 3.136 963 561
200 %
L 2.905 413 238
400 fi% )
B B
3.15 225 93
800 1%

3.2 QDs-ZIBEIRAREMMR

TREE SRS : 25 °CFI 37 °CAF T QDs-ZHifiEx
YikesE ARSI S iR 37 °CE&AFF, dnic Wi
FEMEEL 25 CA&MFT MBS A AL, (AR AN 2RUE,
37 °C R AT LASINHR 6538 I I S B, 446 6 e A ek (1]
FFLA, 7EJ5 SRS R 37 °CHE N RN 451

AR R R R 3 FPORIR] 07 T A RO B
QDs-—HiflBY, 78 1 h AN IR AY s R g L2 Sl i (.
i 6 Bion. G5, P VERERR SR 5% vhis WO B AU
TR R TR R BE, QDs- PRI Y (194 b 9 6 i 541K,
[R] it R B LU A IR S, B 0.25% % 28 11 B9 F B T Y
QDs-HUBIRY), VIR a0 B m, AT ST I A
o I, FATERE 0.25%0Y BRE M WAE A VAR R
QDs- LB (1 BRI
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el —==37°C —=25°C 3.3 s

LT QDs- B BB LAY FLISA J7 ki 37 85 i
g H GBS EC 1:1000 £%, BRHTIE W0 Bl 6 RS 50
2 1:1000 %, T HBBPIE 1:400 A5FER. Ky i
® 50%30 I B (1ICs0) M 8.3 pg/L, LAIMHIZR Sy 10% 0] %5 17 1
g%: e BEVE %7 % AMP BIRIER, HAE K 2.5 ng/L. 3 &b

300 - . : - - ; JiEERRE L A& 7 BR

10 20 30 40 50 60
[} 8] /min 3.4 ﬁﬂ&ﬁ_‘iﬁ

5 AFRREEXT QDs- —HUBIEY A ZOEHE R M (n=3)
Fig.5 Fluorescence changes of QDs-bis-anticonjugates at different
temperatures (n=3)

800
700 \g—b—q_,
600 |
i —— 0.25%H 25 i PR
500+ e
el — TR TR
’f[i 400 - —— DR R
™ 3004
200} — L
100
0

0 10 20 30 40 50 60
it ] /min

6 AR AEIEXT QDs- HUEBIREY A DG R (n=3)
Fig.6 Fluorescence changes of QDs-bis-anticonjugates in different
solutions (n=3)

LA PEM BN 2 Jr A2, I ABTS AMP 5L
PUAKA S R E 100%, S HHEE G, ABE. KAHE
£ PTYER R WA NN T 0.1%, JLT-3A 28 X2
NE, UGG PR S R AT . SN T8 R A5 S sy
MREERIAIL, BTSE PR A 25 Y L AMP Z2—A4-F22E,
U, TERESRREI A, ST LAASREAR LT 04 43 AIRE i of AMP 5%
PP S P AR R B . 5 ELISA J5 VI 5E i 28 SR I 3R 1Y
gERLAI], G5 2,

3.5 RMERRMERRY

o S AR o A 5 SRR AT T O 2 R AR e 1 4y
M, FFEUEAT TR ¢ #5381, FLISA RI&[E 3K
94.0%~106.2%, AEFZRZBN 2.1%~9.2%, ELISA Jikhy[Hl
WA 95.0%~105.3%, 255 RECH 2.2%~9.3%, HPLC J
B EERN 81.5%~92.8%, AF5FERECH 0.9%~2.8%, U
%3,

4001 Y=A2+(A1-A2)/(1+(X/X0)"p) Y=A2+H(A1-A2)/(1+(X/X0)'p) 1800000 Y=38.654X-13.229
so0l | r=0.99785 r=0.99863 1600000 - r=0.9996
14f
L S 1400000 -
2407 | L 1200000
E= ) m 10r E
P = osl 51000000 -
E 120} E 6l . = 800000
60k 0.4} e 600000 -
ok 02} N 400000 |
L L L 1 1 1 1 0 1 1 1 1 Il J
1 10 100 001 1 10 100 0 001 002 003 004 005 0.06

AMPYFE/(ng/L)

log AMP/(pg/L)

e /(ug/mL)

Bl 7 3 FhI5 ik robn i £
Fig.7 Standard curves of the 3 methods

®2 HlAMP AR ERKHZYRME

Table 2 Cross-reactivity of monoclonal antibodies against AMP

FLISA ELISA

=R 52 SR REH1% 52 SR RE1%
ANEER 100 100
B B bk 100 100
HHEG <0.1 <0.1
AH/R <0.1 <0.1
RREGR <0.1 <0.1
By 2t T 2% <0.1 <0.1

3.6  SERREE I

IR 3 Bl 50 4= gikedh, 259 R, Kb
il MRL #8554y, 3% 8 5/ MRLAEGL 167, RAath
AMP W) AR 44 . Hih FLISA A I (% ok B
4.40~63.68 ng/L, ELISA il Ay ¥k BE o~ 5.20~65.73 pg/L,
HPLC #6:I f3 J3 2N 7.50~68.93 pg/L o HAREE 4132 4 Fis

37 HEMSR
o S BRI R 5 R EAT T s 2 TR AR S i
1, FFEHIEAT TEX ¢ #3000, 45K 8’ 9 B,



484 B dn 2 4 R R I A 4R

81

FLISA 5 ELISA Z [al #5684 & B, 6 240 +=0.9974,

KT FE N Y=1.0252X+1.61 . ¢ ¥ B 45 %, |1=0.894,
toos(3)=2.571, P=0.412, FirLA P>0.05, 22554 R3¥ . FLISA

5 HPLC Z[AAH G R R B, HHOE R AL 7=0.9968, HHK
TR ¥Y=1.0333X+3.89 ¢ KrIu L, 11=0.904, 10,05(5)=2.571,
P=0.407, FFLL P>0.05, ZHANEE,

&3 4k AMP BRMEKNERIKERERBZRLER@0=5)

Table 3 Result of recovery rate and coefficient of variation of AMP in milk (n=5)

o FLISA J5i% ELISA Fik HPLC }i%
I
(ng/L) V-4 G5/ %S D/ % CV /% 44 6 i/ %£S D/ % CV/% FHE%ESD% AR ER%
100 106.2+6.9 6.5 105.2+5.9 6.5 82.8+2.1 2.5
50 104.5+8.6 8.3 103.5+7.6 7.8 92.1+0.8 0.9
525 94.0£1.9 2.1 95.0+1.9 2.2 81.5+1.5 1.9
10 104.3£9.6 9.2 105.3£9.6 9.3 89.3+£2.5 2.8
R4 LIRS AMP (IR EIRER MR (n=3) sor F=1.0333+3.88
Table 4 Residual concentration detection results in actual 70 2=0.9968
samples of AMP (n=3) 5 60
FE it G5 FLISA/(ng/L) ELISA/(ng/L) HPLC/(pg/L) 3 ig i
Z
003 4.40 5.20 7.50 = 30
20
004 32.52 36.69 39.52 101
00 20 40 60 80
019 63.68 65.73 68.93 FLISA/(ug/L)
020 43.09 46.02 48.97 9 FLISA 5 HPLC A Sebra- 54 i AMP 5% 3 Bt Hegs
Fig.9 Comparison of FLISA and HPLC for determination of AMP
021 442 46.40 48.41 residues in milk
022 55.10 58.61 60.91 . .
4 R
4.1 QDs-ZHIBEYINFIZ
QDs 54438 2 7 5 32 283 ) i v W R Ay
807 Yo L0525X41 61 A 2 Ay RO HEH S A TR BB R PR
or N
ZO 1=0.9974 S, FERRMSMORGEAE QDs FEAE 25T, M
S sof Tfifii QDs I Hft— 4L 31 REAL 3P (-COOH, NHy), R
=3 -, y N
S a0f I HER R AR . AL LA KR QDs | 4R
wn - Ty N —_ 2
o 30f f L AT & -COOH I, — iR T A S B R Ay Bk — 0 Jie 6 2
201 £ (carbodiimine hydrochloride, EDC), N-#23E T BV iz
10 .
g . . . ‘ (N-Hydroxy succinimide, NHS), Wang '] NHS ¥ QDs
0 20 40 60 80 WAL, FHE PRI, YR 2 NH; i, —Bek

FLISA/(pg/L)

8 FLISA 5 ELISA A SEBRA- Wit i i AMP 5% B it HLER
Fig.8 Comparison of FLISA and ELISA for determination of AMP
residues in milk

FHRI AR B 7B (Dithiothreitol, DTT), SMCC,

ASLIE R SMCC iEiHl, Lt EDC LM BB ik,
SMCC & A7 RS PR BT AT, (BIEHLIE 2280, [ F)
FAPLR ERSIRIE, MR PLIEES & X ILT- A Sk,
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DR LA EL A o gk, B b (AR IR B ARG G . M L
DTT. 2-$i3k 255055, TCEP @B JEH A, E&
T8 ) BB AR T GA IR BT IR F A 1 X R, ARk
Pilk, REWPARENE ., FBAYS SMCC b, HItiE 5
b PR T AT E R T Al AL 2Bk, AP R B fa T2
B T AR A SRR TR R, R LUS A
A L2230 e bR 2 2 A RO, T 2 ik, AR
= QDs 5 ZHU MBI .
4.2 PREERAET

A S — b L AR R BB T, S A AR R A R
WIS AN B P A5 A 43 T X 328 5 I i R R, [ B 5 i L
;AR R hy A/ SR S 14 i DR T e 0 45 2R P o, [
M, WAZTUXE 2R AR i R AT I A B DL AR 32 B A Dfe ik B Rt
A B R o ARG SR U AR B - B R B DT VE B 1 X
PEATRE SR (ERSEBRRIN A, T3 & 2 A T
S BRI A S AR, 05 R R A% ELISA J5
AT 22, T BN I AL B vk R S A ok — Ak,
PEEIZ T TR ARG I B ;RS A 75 BRI R B M . K
BESEHISE S B TS, JH0 TRFE S TS R AECE

5 & i

2i PRIk, AR QDs 5 T HiEd g A
ABBTE i, WIS T QDs- —HHEY), Rt
S B AR A Mk R S AR T T R, SRR T RN
TR 37 °C, QDs- —HiMBERY) IFH IR R 0.25% % 2K (17
BRI WA R T QDs-—HUHE Y TE = T8 9O gz o)
MR 2E 05 AMP 5% B3 s 00 FH, 8657 10 T A
MR 2.5 pg/L(10% M 32), A= 5 oh s ik 2 i - 44 [l
WK 94.0%~106.2%, 255 RECH 2.1%~9.2%, 458 B
MR . FESLBRAEGIRE A P, %355 ELISA J5ikfn
HPLC J7 i3 RAFIOA DG, A g g g k24 5
TESZBR A, ATLAR] ELISA J5iE—FE, RS B b
ik, P HPLC 48R i it — 2 e M 1 43

S E Ak
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