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630 nm H 71X HE AT h A A AR A G T i T AR A AR TN £E 1 R R (R AR I H AR R 2% (RMSEP)
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Abstract With silver nanoparticles (AgNPs) as the substrate of the surface enhanced fluorescence, the OTC-Eu-
AgNPs-Egg white system has a strong fluorescent characteristic, and the detection and analysis of oxytetracycline
content in egg white can be realized. Three dimensional fluorescence spectra of the OTC-Eu—-AgNPs—Egg white
system is analyzed, and 380 nm is selected as the best excitation wavelength. Effect of the addition amount of AgNPs
and Eu”, reaction time and metal ions on fluorescence intensity is investigated, and the addition amount of AgNPs
and Eu” is determined as 0.25 mL and 0.01 mL, respectively. A prediction model for determination of oxytetracycline
content in egg white is established by using least squares support vector regression (LSSVR) between 605 nm and
630 nm, and the determination coefficient (R*) and root mean squared error of prediction (RMSEP) are 0.9909 and
0.9079 mg/L, respectively. The results show that silver nanoparticle enhanced fluorescence of europium (III)
combined with LSSVR can be used to detect the oxytetracycline residue in egg white.
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PER XS EL A I A . R LR R EA Y A REBER T &SGR EPRE +HER
259, E i A A 5 3 A — 2R 80 1 B AR T L DR — S [ RO R A RN XS R P ) B R AR AR T R ik
B BR R L TR ERUE S R RS A 0.1 me/ke" . HETH TS E S B S PPl ER R
G0 TV AT T IR G 8 A BT VR A O RO A S T RO R T K b Rk A ARG
JrEU . SRR R P G (SERE y — R B 2 TR R Iy s Y SO R, T AT 2 N B A B
S 2 W DNA TCHAG I A= W) 15 SR Ak 24 20 BT A5 80035, Tan A5 AR 40 K UKL (A gNPs)X 46 (LI ) e A
) (14 9 18 58 A TR A DU 2 0 rh (Y DU PR R o Dasary 85806 4 90 KR 11 2% 11 18 58 2¢ ' ) v FH T LI 23 57
Kol . B 3AE IR R T AgNPs XSty 7 2 P B Y SR G RN . 8 KR —Fh 55 0B B, AR ME ] B
PR AT kAT A o (8 R B B- W45, F Eu" 45 & T LA DO R B A0, 7E AgNPs
BRI T B B OTC—Eu—AgNPs 1A 28 AT 2 ' i B 45 1) B 58 (4 38 50 101, 35 3 17 3 5k € Y 72 IR 2 ) o A
I e A B H SR B O 1, AR SRR T T (LD A AgN Ps 39 58 2% 516 il 0 2 0 vh 1+ 8 R ok B R I R R AF 9T, 3F
il it a7 BE T /Iy e S F ) (8] A (LSSVR) BY 2% 016 016 15 S50 I A58 A9 | X6 7 X0 2 A 0 v - B 2R AR A Y PR A
M5 EEE XL,

2 SEERERAT
2.1 #R5

X2 (W T VE AR ML K231 ) 5 + 85 ZAR U i (BH B 98.7% , W) T v AR v 9 2 1Y) 5 i PR £ [Eu(N Os)s] 5
F2 O FEWRVE 2 BB R (HEPES) ; il FR HR (AgNOs) ; 0 Z AL 48 (NaBH.) s F7 B R — 41 5 &AL 55 (CaCly) s & ALk (FeCl) ;
FALAN (KC1); E AR (MnCL) ; AL S (NaCl); 355 34 50 43 4l , 5256 FH 7K R fE 4K
2.2 UHFEH

Cary Eclipase 2673 606 B 11 (Varian Inc., USA); 52 56 %8 88 4l 7K L (8 7 B 2K 151K 55 A R 7)) JK=50B
TR 75 9% 7 Tk (A IR 4 Je S LB FRZS 71); FA1004B B B 7 K- CKS 8 0.1 mg, B ESFARS A FRA 7));
1 em A3 52 A ML 5 HH -6 29 0 8 46 38 /K V8 B8 (I T 2R 4 OG22 AR )5 S8 A0 AT U 49 56 % BE 3 (I 5t 35 47 3
IR TR R Ao
2.3 LA

1) Eu(NOs): % W B FL ] FREX 223 mg Eu(NOs)s, HE 46 /K i 45 2 10 mL, 753 2] 50 mM () Eu(NOs): % ¥ -

2) HEPES 2% it ¥ 1Y 75 ] < B B 2.383 ¢ HEPES %5 fi T° 100 mL & 2l /K v, 45 ] 100 mM HEPES 2% i
(pH 7.4).

3) L E R AR UEAE & W IC ] PRI 10 mg 4 g RARUE M, ] — 2 & A R 4l K% T 100 mL AR (4 28 B,
PG E R Z 2, AT A5 5] 100 me/L A9 1 5 R AR MERE 2 -

4) AgNPs f L " : FREL 17 mg AgNO & T 10 mL 25 B F 7K s FREL 1470 mg P2 IR = 4MiA T 10 mL 2%
BTG mL AgNOSIE A 1 mL AT TR =B I A 47 mL 5 & F /K B FE, 78 = N ACE 10 min; F8
3.8 mg NaBH, T 100 mL 25 B 17K ; B 600 wL NaBH. %5 i fim 21 b 34 Jc il (9 4 v v, PR 458 4 30 min;
1E 4 CIREL T HCE W a5 16 -

5) MG AR rp U EEE TR AR D T B R R SR T I S SR S R v A

6) 43 A AN R R B + 55 AR MERE A T 10 mLER 5 S O XS AW 2 A 220 158 624
ANTA] 4B R (0.1~30 mg/L) By X 8 FIE I MFEAS , o 47 AE R IR BERE A 15 A g 0 AR AR A

7) # 0.25 mL AgNPs F10.01 mL Eu(NOs): % WA A 52 Fb @ I IR A 320 )5 BN 1.5 mL A5 U (AN [H]
TR ERAGEEN), H HEPES ZZ th il 45 3 3 mL, B G B 51 5 U E 5 min FEI .

8) DT Y R AR B R I AE AR A B b £ v, R 5O A O B T R AR LB . i R 4R
SR E T POk K R 380 nm, &S UE I AR S 805 E R 360~1100 nm, 3 & F & G4 RSF R 10 nm,
HL A5 345 (PMIT) 4 I 45 R R 700V, AR Al 0, SR RS 3l P 39 4 -0 O =X
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3.1 REMEZBKNHE

P 1 (a) B4 975 T 455 1T S 6 v (T 9 AgNPs (14 48 41— AT DLW OO 3% ], vl AT 80, 405 nm Ay H AR KR ik
P, U4 T8 R 87 nm , RS 19 24 U 4 TE e WA T Y9 A gNPs KLAR 431 AH X L 53 )1

PR PR B RN R B OTC-Eu-AgNPs—Egg white 14 R 1 98 Y6l 5 B K/ W2 b &8 8B E W
X B B 0 S AR O ORI AL = A OO s L 25 R A B L TR, BRI A AT < K
1.25 mL AgNPs 10.02 mL Eu(NO,), & , B IA 1.5 mL % 10 mg/L + 5 R YW HE 5 1 , ' HEPES 2% /b i 2 45
F 3 mL, & WK N 240~450 nm, KN 10 nme IWE 1A LUE W, 58 S RRAE & B I 2 — A7 B 29 7F 617 nm
A 1) TE T U o I A R DR I BN XA 2 YRR I i S 0 1 5 R S S B R S e Y, BRI R K
9380 nm B d i o Z5G A0 HT, SO0 R BRIOR UK 380 nm Z5F R YOGS HEAT IS SLRF Y .
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Fig.1 Three—dimensional fluorescence spectroscopy of egg white with oxytetracycline. (a) 3D projective view,
the inset shows UV=Vis absorption spectrum of AgNPs; (b) contour map

3.2 PRI KL M

K241 T OTC-Eu 1 OTC-Eu—-AgNPs-Egg white P Fj & R 19 2 6ok i% . Hdp, 0TC-Eufk & 1 0.01 mL
Eu(NO:: W A 1.5 mL 10 mg/L + 8 RZ W IR & 3347, - H HEPES 22 i il 22 45 %) 3 mL 48153 ; OTC-Eu-
AgNPs—Egg white ff 0.25 mL. AgNPs f10.01 mL Eu(NO.), % B IR &2 G A 1.5 mL 3% 10 mg/L + 5 K 939 5K
I, B H HEPES 28 b 2 25 8 3 mL3K45 o B 2 AT A1, OTC-Eu K R 7E 617 nm &b ) 2 5 04 58 J3 45 55 , 17
OTC-Eu-AgNPs-Egg white {& R 7 617 nm 4b ) 2 J 0 58 B HE 38 T 29 154% . OTC-Eu-AgNPs—Egg white /& &
1) 7€ 1t D ik 35 A5 1) 2 — 25 144 5 199 T PR T BB — 2 H 1Y AgNPs [l AR 9 K UK ) 26 6 4 F R AR RE R S,
588 JBE A B 1 o ; [ B X 2 R0 B AR DI RE L S s 1 SO A RO A ] T OO K
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Fig.2 Fluorescence spectra of the samples

3.3 AgNPs il \ 2 X% 58 E A 52
AgNPs JITA S 52 00 58 00 BE () — AN EHE B R . Wi E AgNPs il A X OTC-Eu-AgNPs—Egg white &
F TG R, [ Eu(NOs) I TR AR F(0.02 mL)F1 & 10 mg/L 1 55 % A9 0 & F W R (1.5 mL), %
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2 AgNPs AT A3 3124 0.1.0.25.0.5.0.75 .1 A1 1.25 mL I 4928 %5638 , Hrb 28 51328 30 (4 m AW 5 52 36 7 12
AR DAE . B E 3RS, 24 AgNPs It A B 0.25 mL B, 617 nm Ab %) ¢ 60 BE ol , 8 I, S 56 A 1k 4%

AgNPs il A4 0.25 mL.

! 2003
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Fig.3 Effect of addition amount of AgNPs on fluorescence intensity

3.4 Eu”' M\ E X% 58 E # &

Eu™ A 252G B L —E WK . N HE A Ed A X OTC-Eu-AgNPs—Egg white /4 5 [ ¢ %
5 A S0, 20 59 BOAS [A] 44 FH (0.005 ,0.01,0.02 ,0.03 £ 0.04 mL)4 Eu(NO,), 7 55 0.25 mL AgNPs IR-& 157 J5
A L5 mL %510 mg/L + % R WS EE T, R )5 FH HEPES 2% il € 25 2 3 mL, 1532 T 418 4 Fr 7R (078 6 K
HH 4 AT 0, S Eu™ il ACTE 4 0.01 mL Y, 617 nm &b 19 %€ 558 B 5o, Pt , 5280 Hh BB 4% Eu™ in A #224 0.01 mL,
2005
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4 Bt A5 1 1 5 10
Fig.4 Effect of addition amount of Eu™ on fluorescence intensity
3.5 & KR8] A5 E AU R T
TERWEMT %A 7 0.25 mL AgNPs 5 0.01 mL Eu(NOs): IR &2 J5 A 1.5 mL % 10 mg/L + %5 Z 948
BT, H HEPES 28 0P 2 75 8] 3 mL 1) S5 50 2% 8RR AR O 33 56 B i 2 1o 1sf ) 17 28 Ak A 100 o el 181 5 T
PR ZTE 1 min J5 0] LA 584, HOGTE S8 BB 7E 25 min N BEA R AR S . BRI 5230 2 #5008 5 min J5 IR 4G

RIS
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Fig.5 Effect of reaction time on fluorescence intensity
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K4 EE T T, ¥ 0.25mL AgNPs 5 0.01 mL Eu(NO:): iR A JEIMA 1.5 mL & 3 — 1k + 8B R EE
LR 52 BN A 0.5 mL 10 mg/L A [7] A9 T 40 85 7 (Ca™ . Fe' . K" . Mn® Na")i& ¥ , I /] HEPES 22 i & 25 7|
3mL FEAT THRSEE 45 R 6 Fras . ANIEL 6 i LLE i, LI B 5% R , 6 )& 25 7 Ca™ (Fe™ (K" \Mn™ Na'
XS AT W .
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6 4 FE A7 B %5 I i R 1 5
Fig.6 Effect of metal ions on fluorescence intensity

3.7 LSSVR & g0 45 R

LSSVR E g — Bl fiff the /INREAS AR L P T A0 0% A5 3R 1) 0 967, & e i ] 38030 2080 L 9¢ O 45 )16 i A5 A 4
S A ST R LSSVR R 7 XS A AT P - R AR B A 0 i E IR, LSEOGRRIEE 617 nm S L
14 58 15 U4 X [H] (605~630 nm) 19 G115 AF 24 LSSVR A AL Gy A, D428 1) 5k R B0V S % bR B, A% BRBLSE JE o” 5 IE
WAL S8y A8 UIIE J7 B 34T S 50004k L # 57 /Y LSSV R K U T 0 45 5 4 81 7 fir 7 . AAIRL 7 0] LU i, LSS-
VR AR T £E 1Y 2R E R B R 0.9909 , TN X4 7 MR R 22 RMSEP 4 0.9079 mg/L, i B i 455 8 BE 0% i 12 38 26 R
TP A R AR A R Bk

[¥N)
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Fig.7 Relationship between actual value and predictive value of oxytetracycline content in egg white
R B BT AR (A IR X 2R IR i e/ T % (PLS) LSSV R 37 14 4 B 11 I AR A 308 17 L 458 43
e, SRR PR o BB ROBOR, RMSEP B/, U 2058 1 1 O 4Ry, 3 1T BLA i, LSSVR
B LE DG 3% X [H] 605~630 nm A4 5 I 280 R A8 T 42 06 3% X ] (550~700 nm), /23X 4 Ff g 458 77 125 v 10000 B ) A o
975 %, TRAIE 8 617 nm Ak 1Y 2 DI 5 B2 55 X0 45 ARG 0 85 3R 2 i 7 0 2 P T U AR ) A8 SR B 2 . 2
LR FE IS X ] 605~630 nm Jij I LSSV R # 57 (14 X 8 85 3 v 4 85 3R % & W A AL 2 T AT Y o
1 RIEB A BE L3R

Table 1 Comparison of different models

Predictive value /(mg * L)
==

Model name Spectral range /nm R’ RMSEP /(mg-L™)
Linear regression 617 0.9842 1.2778
PLS 605~630 0.9850 1.2271
LSSVR 605~630 0.9909 0.9079
LSSVR 550~700 0.9852 1.0476

4 %5 ®©

X OTC-Eu-AgNPs-Egg white K £ #E47 1 2 11 4 38 5 0 6 1% 0 M b ¢, L TS E W b LB Rk B
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1) 731 T OTC-Eu-AgNPs—Egg white {5 2 (1) = 4k 5 Y661, i i 17 e 0% DK M 380 nm .

2) AT T AgNPs AT (B0’ B A B R0 B TR] 4 i 2R AE B X 2¢O 5 BE RS2 B E T SR I T Y
AgNPs il A+ 4 0.25 mL, Eo* I A& 4 0.01 mL,

3) X £& 1 115 PLS \LSSVR 37 (1) 4 Fb 150 0 455 780 08 47 M4 8 EL 4, DL LSSV R A AR AE S 3% X [H] 605~630 nm
R T I 28 R A -, H RP RN RMSEP 4351 24 0.9909 1 0.9079 mg/L, P WA % J5 vk ] TR B E W o + & Rkl & i
) T 2 W AT A 2 — R e ) PR A T X B AR R R AR TR
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