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Quantification of Added Egg White in Surimi Products by Competitive Enzyme Linked-Immunosorbent Assay
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Abstract: In this study, a competitive enzyme linked-immunosorbent assay (c-ELISA) using the polyclonal antibody
against purified ovalbumin (OVA), the major protein in egg white, was proposed to quantify added egg white in surimi
products. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot results showed the
high specificity of the anti-OVA polyclonal antibody. The limit of detection (LOD) of the c-ELISA method was 1.82 mg/kg,
and the intra- and inter-assay coefficients of variation were 3.1% and 7.8%, respectively. Recovery rates of egg white added
to fish meatballs ranged from 87.4% to 97.2%. The c-ELISA method was successfully applied to quantify added egg white
in commercial surimi products, and results demonstrated that the added egg white content was 2.7-83.5 g/kg in six samples
from different manufacturers. Our results indicated that the method established can be applied to quantify added egg white in
surimi products.
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SR aWit i, WImMED, HiZKAE M A& A RN
WA WbRR, #E THERERRR. ER) R
Wale—, SEEHEFEAETEE D, QRN
fEIBEE . UIREE . IIE®E A (ovalbumin, OVA)
PAJVE S, b opsR i E AR R FE I BUR,
OVAS B E, AHEHSEARS4%™, XidfFs
R ER A oA SO S ER0E, 7 % LA LB SR
R ET, RHZBLIL, LH0.5%~2%% A E it
B WRIRFRBUN R 2 . BEmG . gt R T, EEETY,
IR ES R BT 5] R Gl BoRER ok A2, Rk, xF
A RS B AT RN T A e
B HAT, ARIE LN H T L0 R S R A I ) T
2%, WNTolin®E 5% F AR € 1 - 5 1t BBk i i A o 4039 v 2R
B EAT RN, AP A5 o/LEETE VRN & PilolliZs!"
K P 2 THI 25 8 T LR F A LLOV A I 2 1 6 4048 P 1) 2R
T AT R, R S 4R R £20.03~0.2 pg/mL.
Mattarozzi %" R FH VAR €3 - F 5 55 e B A OK R 3
KL FIOVA, FLk 5 ~10~800 ng/mL. 5
Gb, BT 2B BE R AR AT A, Rk,
TR FOVAR MM 52 27z Kk, EEXRH
P FEE G 928 TR B U 52 777 (enzyme linked-immunosorbent
assay, ELISA) "PlifrgEEiail, K2 amasid
FREAEINT, B I, X e A P 4 A AT DA
TR, |AMSEHW S ARG R R ) 5
HL AR T L E, R4 b & B 4 FIAL
BREERAE TR, SR TRMIAMERE . HETAE, iR
A AR 7V N T # B ]t o R R W PR

EEEEAAST, oVASEFEE", HAFRL
(e N Rk, AT LLOVAKRREEE, &
FHNE ) 22 SoREHTAAR, G 7 T 5 Y 0 BE ) o R 2 =
Rl 7535, VAR 4 J RV fa B ) b v B 1 IE A AR 1
A AR HE.
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DEAE-Sepharose# i« Protein A Sepharose# fig
% [ GE Healthcare A 7l S Ei 2 EAME  SZF5E
Fermentas A 7]  HAR 70 A [ 23 B 407
1.2 5K &

Avanti JA-25EHEAVRE 0L SEEBeckmanA A ;

Biologic LPEH i EHr £4 £ [EBio-RadA ] ;
RN ROCER G4 % E Alpha Innotech A ] ;
PT-21004H445 5L FitKinematica/A 7] ; G:BOX#EMKE
BBA JEESyngene A .

1.3 Hik

1.3.1  OVAM4litk

OVA ) &lifk % B 2 Tankrathok 2" ) J5 % 3 Jin LA
Bk, #35 gBEiE T4 AR F120 mmol/LIf Tris-HCIA K
(pH 7.5) Hg#E3 h, BB EHMW BT 120 mmol/L
B Tris-HCI (pH 7.5) Tl V4 \)DEAE-Sepharose & 1 /= #T
o FPE g iadefE, FH#%40~0.1 mol/L NaClf¥
20 mmol/LI{ Tris-HCIAW (pH 7.5) BEATVEML, WEEH1
AN e it Ve B SlAG T B IR
132 OVAMIXE

R O N S e e S
¥k (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE) J&, &%)k HIIE A
i, BRI R R E G AR RHECE R A R HEAT KR
wEIRGUEE T
1.3.3  HIOVAZ wBEdLIAR Il %

B AL IOVAZ9S5 “CALFEL5 min, HU150 pg 5 &4k
R B QTE A e R 78 /0 AL, 04T BT LA 3 8 v
b, RERE2 FE DUAR [E R E PR IR e . g4 IR
Ja, SR, #E, FEMyENTH)E, 2 000X gE.0210 min,
# _EiE W51 mol/L Tris-HC1 (pH 8.0) ZliE#, L
FET-H0.1 mol/L Tris-HCI# K (pH 8.0) Ti°F-4 ] Protein
G SepharosesE FEHTHEEATHIOVAZ s BEPLIA 44k o
134  SDS-PAGEZ#t

Z M Laemmli"™f{ 5%, K F &5 $12% I it
174307, RISl 4% (R S 5 L REZ PR TR A, 95 Chn
10 minf5, BEHATHVK. HIKGHRE, HEDHTLE R
o, St (FRE-LBR-K (3:1:6, VIV) ) fitaEsk
RS, B SR OE T4 R
1.3.5  Western blot/#T

Z W TowbinZ5 ") J7 134T, B AL SDS-PAGE
NEJE, HRBEMHRAMREE L, L5 % WG 95 E
1.5h, UUFIOVAZ wlEHEA—ht, ERFELS5 hE
4150 mmol/LA0.5%: i 20/ 10 mmol/L Tris-HCI
(TBST) , pH 7.4¥t5 &k, FHAIRIgGHN P E
I h/G HTBSTH#S Rk, KAWL Kt (enhanced
chemiluminescence, ECL) &, FEALZ K GEEL G
ARG LR,

13.6  HAHEOVARIHI%

WAL IIOVAE A4 5 E T-70. 80+ 90, 95 ‘C/K
P E 1S minf5, SLRIE FIUK LA A, RASDS-PAGEF
4+ EELISA (competitive-ELISA, c-ELISA) 4341 in#k
XFOV AT TE M R0 G 8 i 14 (1 520
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1.3.7  c-ELISAVE B A U B0AIE

c-ELISA )& 37. %% Crowther™ 1) 75 vE BT « K
BALEXT AR PR, — PR B TAER B AT
DA AR LA FE EAT A, LAS QB RR Wt A1 S, A
TR IR A SRR —P0, F37 CIAELSh, Ik
GIEH =537 C AL h, BEREINA3,3",5,5 -4 H LI
AWEAE37 C R AA20 min, MAH,SO & 1k, JETE
450 nmiE K AL E (optical density, OD) {H.

T 1 2 1) 3 ST DA 35 A R V2 ) 4 A T i R
95 CHALHE G HOVAMCATEG+ TR, #E1T c-ELISA
Eo BB RS EFPEOVAKODIE # 5 RB/B, (BN
R E 55 4 EOVATE4S0 nmil K AL IODE, By N%E
AR FIMED o R FHOriginPro 9.1.08 4 HEAT bR vE #h
LRIPLA A T

5 15 0 B M DA P A 2 A TR AR 2 HEAT VR . A
P iR 72 DL TR — 4 P 14 AN B G RE 5 SF R BT
By MR ZELESS d. BRI ANEEENN TR
RBGIATIHERY . R R SRS A R =B,— 35
THE, HdB 24 A A BIEE, shix24 N7
P15 FR PRI AR A i 22
1.3.8 8 S o ] R LR o5t 11 1) %

i FLI ] % 2 F Jiang Taoling %™ () 7 vk #k 47 . X
g A, P UKK B, VKK ve 2 Wk, Kt
3000X g&E 05 minfii/K, KA/EEHFEI0~15 min/F,
IIN3% £ £ 3E47 23520 ~30 min. FEAHEBRIE, 29
A 1. 100 100 g/kgEIF M AR, FLEME, 1
90~95 C/KE &M, FEfbIFA G L HIF HAH .

R DU AE i 0 1) 45 7 1 N X100 g L Bk R O 1k f B
Hildh, ORISR, MRECH20 gFE s, NS RS
0.1 mmol/L KR 75 ¥EEE (dithiothreitol, DTT) 8 mol/Lx
KW, AL, 4000X gB 015 min, i ik
THEE95 CHAEFELS min 5 250 H TR SRR b o

2 ZR5HH

2.1 HIOVAZ CREHUIR I &

6~ M 1 —o— ODygg
5 ookl NaCl
450k
4 35.0 ku m02 &
g 3 25.0 ku - %
S| | 01%
g
N =
0 T T T T 1
0 10 20 30 40 50

B (2 mL/E)

WHREZAILOVAISDS-PAGE/M T, MRS FEbaE: 14LIOVA.
El1 OVAHKDEAE-Sepharosed 32k 2H7 &
Fig.1 DEAE-Sepharose chromatography of OVA from egg white

BB, 045 5 DEAE-Sepharose & T4 Z T H
ARMNEFEFAMEEIOVA. ELERBHE. B0 )5
i _EAETDEAE-Sepharose, ZEiiit. Pelit 5 U EE5E 4
ffol. TELE N, OVALTWRIEZ, #££70.02 mol/L
NaCUKFETF LA B T oK. 2 SDS-PAGESFHT (174 Hik
B, H PR EZ 45 ku, S Huntington5: ™4 1% (1)
SR MK RER N, RIS mAE
OVA. Rt —LHi e M EE HOVA, KA bR i
X Bl R A dr AR A IR A F] I R & 4
SRR A H AT %8 b . B2 I H R E T
Hrp—A g, MR, H3RE 1 M RBHE S
150 MR ARk, 50BN (Gallus gallus) OVA
(gi[28566340) [HZF1E 7 AR UL 3 100%, 1IESE4E
HHIEFAOVA.
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Fig.2  Peptide mass fingerprinting of OVA from egg white

£ 1 5Gallus gallus OVA L 3T otk B

Table1l Peptide sequences matched to the tryptic peptide mass
fingerprint of ovalbumin (Gallus gallus)
AL S AR .

menn AT SEAE AT B30
86~105 2281.1824  2281.1899 0.007 5 DILNQITKPNDVYSFSLASR
112~123 15227975 15227928  —0.0047 YPILPEYLQCVK
128~143  1687.8398 1687.848 9 0.009 1 GGLEPINFQTAADQAR
144~159  1858.9658 1858974 1 0.008 3 ELINSWVESQXNGIIR
188~200 15557209  1555.7308 0.0099 AFKDEDTQAMPFR
265~277 1581.7213 1581.7275 0.006 2 LTEWTSSNVMEER
265~278  1709.816 3 1709.840 3 0.024 0 LTEWTSSNVMEERK
324~340  1773.8990 17738979  —0.0011 ISQAVHAAHAEINEAGR
341~360 2008.9458  2008.9587 0.0129 EVVGSAEAGVDAASVSEEFR
361~370  1247.624 1 12476226  —0.0015 ADHPFLFCIK
371~382 13457375 1345.7437 0.006 2 HIATNAVLFFGR

22 PIOVAZ wwBEPUIARIIRE R 14 2 Hr
BALOVAINMAE IR f5, Sef vt = R, K15
PIOVAZ TLEPIIA . FilkZ Protein A SepharosesEAlJE
WrAE4ifh 5, %HWestern blot#H TR A4, 4551
EI3FT R . BEI3AMKIE2E &G K A AVHIE T FR 745 ku
IOVA, IEEHUZHMEAH Y, BERASTHRER
45 kufJOVA 5#| % MPILOVAZL sk kA N (K
3B, VKiE2) , ARHBEAERRRIEST . A EIE N AU
PERRE AL (I3, WkiE 1) DL A My A a1 B PR HEAE
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(&3, ¥KkiE4) BIASHRAE RN, RYIH & HTIOVA
ZIEGUIARRRRYE RAF, AT TR SEAR 5 VAT

AMI1 2 3 4B 1 2 3 4

116.0 ku
66.2 ku

45.0 ku
35.0ku

25.0 ku

18.4 ku
14.4 ku

A. SDS-PAGE; B. Western blot. M.% 1431 Jifi s b5
W LSRG A 2.8 EiG AR
s 34O VA;: ARG EEE (PIPEXID .
B3 HiOVAL SERH RN R
Fig.3  Specificity analysis of the anti-OVA polyclonal antibody
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Fig. 4  Effect of heat treatment on the IgG-binding ability of OVA

ETSLE S fE T, RAAZHMEHEOVAE RN
G PP E BT c-ELISA, KILHFEOVAMIgGH: & 68/
AT EFHOVA LA 54 1. Bk, AHFFN4lifh
FIOVAHEAT T770~95 CAFEIEE A 5, J@idc-ELISA
BN AL EEXTOV A TgG4E G REJIIRE I . W L85 1 B
TNy AT OV AR, ELIE PR 1gG4s & g
TR Z AL B0 . LL250 ng S FLAL#YE oK #ab 72
AL [ OV ABEAT B FEELISA 3 M, 522 0D 450 o 1H 1)
HNISEHR, RARFEER. (HAEBT-ELISAJ LT
W, AAEFEXTOVAMIgGTE Gt 45 & 66 /16 W& o .
WE4FTR, fEPURAHE —SIEN T, BEEINAEE
HPE s, OVAMIgGR 4G 1iE L, x5k
R AEE 2 5, IX AT A5 BT AROAS 0 7 4 1 IR
NAF K. AW ITH] & FIPLOVAZ 78 B Pk H 152 5
T BE T R, E R BE 1) o A I AR RO A Ak
TE, N7 HEHEFHLDXFTOVARKEN . AHF 7 LR
WERIOVATEAT AN G, 4% BTk 35 8 S I o #4
QbR AL FEOV AR RF ARSI o i — 2P R HI SDS-PAGE
STOVAR A E AT IRAE. HESA &1, OVAR G
EMERLE, 95 CHEF1S minth A KA FEfR, (H 24035
JEE T80 CHy, f/mERATA, X0l gE #ib G

WOVAR R R A A K, Azarnia5™ Kl &
SRR S - F I 55 AR IR O vk JX BLIS A% 7 KR THI HH 1)
OVAMATALI, 45K, YT S A b B I R
O S FIRR oK. SE A A g R, AR
@7 c-ELISAVERT, LL95 CAHEIOVALE AT 4 b5
AT B A i R U

M C 1 2 3 4

116.0 ku

66.2 ku

45.0 ku

35.0ku

25.0 ku

184 ku

144 ku
M. A5 TR ERRE; CoARIIF T B
1~4 Kb ELE FE 439 970, 80, 90, 95 C.

E5 MEEXOVAREHMEMW
Fig.5  Effect of heat treatment on the stability of OVA

24  c-ELISAE ST
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Fig. 6  The standard curve of quantification of OVA by c-ELISA method

K A4k IOV APLR K il % 1 HLOV A % o B bt f&
LT e EAT I A BE ) R SIS M e-ELISA ik, &0l
BALERAL, LL95 °C. 15 minkb B IOVA RHE, b
100 ng/FLiEAT 4% . LA95 'C. 15 minkbFEJOVA kR
HH, 0.032 mg/mLARIGREWRE, D4 5, &
KN HIARAE T 2R I 6T, AR R ER=0.998, F il
R R INR 936.4 ng/mL. #5% J& FIRE ) B G B
fEH0N10, DIPREI PR X684 1.82 me/kg &%), =T Monaci
S CSUR O W 40 R v L I OV AZE 2 R R
IR I 77 ¥

SEMREN, BEEPEALHSERENLL%,
OVA 5 EIESEAMSA%NER, Wik, E£AELIOVA
RSN Bt £ BE | S R B S R AT R AR,
Fel) 5%016.8.
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2.5  c-ELISAVEHISAIE SE R
SR —96 LB L1014 A B RERO R 5 R AL
btk 5. o E AR S M. e H RO AR, :
RS d. B3 ATERMAR AN AR, & e HTEI, A R, 20

SLH)c-ELISAVL I H NS 5 REL (n=14) N3.1%, #4IH]
BRRE (n=9) NT.8%. LLEFIKEES=ED AL,
10. 100 g/kgH A BEAT c-ELISAVE MR 041 BT
AR % ) 5T AT R R BRI A Y, A AR
F1£70.1 mmol/L DTTHI8 mol/LJR 2548 1“5 47 B 1l
%, RN, [EENST.4%~97.2%, UiLAAWT
TSI TR E R M HEREE R . RE S & Ty VRS
B, BT B S S E A

#2 cELISARW&SAHEER BB SR b
Table3 Recovery of egg white added to fish meatballs by c-ELISA

I (g/kg) 1 10 100

R % 87.4+6.8 89.4+1.3 97.249.2

2.6 c-ELISAVEH R A

100 -
80
60
40

N/ (g/kg)

20

0

>

N
ST
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0

» y {@% <;\@ O
3 3 2
/éfg‘g & d @ >

@\y\ @ @ " i’
E7 #mRtaERRPEREISE

Fig.7 Added egg white content in commercial surimi products
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8 BEHI 2 R AN R RN AL RIS AL
TIEMBA A MR ML WL TR KT
FTDAE Y, AN (A BRI R, B RN E 2 R IR K,
1£2.7~83.5 g/kg Al RPfd 2 [l — M BE il i, ANTH] A ]
PR e R S U, RS A ] AL i B T A AE
BOKZER, XWMHER T 7E MRS 5% bx i A sk
AT B s B M A T A

3 & #®

KR FRNVEEEAH S PG e, S2FEEN
OVANHFREN, H&TOVAZ fifEdiik, MIhE 1
1 JBE I i R T S AR c-ELISAYE . %7 A IR My
1.82 mg/kg &W), HHNER RZEN31%, HAESF RZE
N7.8%, [EISEN8T.4%~97.2%, FAT R UF ) EE A
WERR Y, IR R R 0 TS A B P AR S A
W o AHIEAT R4 S5 o BE ) i b B R PR A I A ARV
PRRIRE R E B AS S .
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