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0.15%, SN IS A TR 5%, R OMAS (&2
F 60 um) il A, FH4E 100 go e fa A b
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1.3 REHE

1) FE%SEIE: S GB 4789.2-20101,

2) EEVEE: 2% GB10136-2005 M AHIEL
BRIRVEBRPE /0 A R, DARRYR IR )0k TIBE
BRERESIEN TR AT OB o, WP AN 8
%y HARVE O ARE LR 1. 2% 3CHR[15], [R5 8
IR G AT S A R, RS TRR R E A
AR R, AEFTESA 030 0.3, 0.2 F10.2,
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IR 4 ANFRERTF I IRV 1) PS5 ME A BB PF 47
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Table 1 Sensory evaluation standard of drunk Bullacta exarata
ik Describe Iif Excellent(5 43) B4f Good (4 47) —fi General(3 7)) %7 Bad (2 47) 7 Worse(1 77)
= [ Fs T SR E s B = [ =)
bk Odour 45 Ok AT 4O AT ?f}m%?xiﬁ, Mty giiﬂﬂi/ﬁd@ BN igw%lﬁﬁi» BN
FI0k Taste BEORIAR, BUMEZRML,  SEORBORAR, FUZR  EEOREBOR, WM BRI, W SRRV R, WTURBE,
Toek W, ok P, W SRR PERZE, FRREHK SEMAAL
AT BRSO K R R R S BRI R R SR K IR T g e B L A
%% Colour B, RIMAGE, ¥ 6, RIIRAGE, t, R OGE, B, RMTGE, ¥ %%{x {i/ﬂ’?/ﬂl
VTG VAR SR DT e VTR +,
, PR . WP, 52 AR &k, & SRR E, 7w AR, TR
JEZ5 Shape MBI, FERAHE ik 15 5 5 i e

3) H ARSI ESERA T TR
REesg ] frihr, MNELEAT G R dERA R
HEATIE, AR (AAS). HiEH
Ji o B 4% GB 5009.5-2010 e [y I i U 5
FAERR A I E S GB/T5009.124-2003"", &
JRE FEMME VRN KT 1973 4F FAO/WHO H#EA£ 1)
H TR, TR ILR TN (AAS).

_ FEAER TSR TR/ (mg/)

FAO/WHO Vi I i /) (mg/ )
x100%
1.4 Gitath

ARG LB 3~5 ANEE, U

{HHhrUEZ R R, JER SPSS 11.5 Al SAS 9.1.3 #HT

1T P<0.05 ZRE3E, P>0.05 ZRAEE.
2 ZHRESR

2.1 BFRIEBEBMNERZEESEZMEE Do
BRI E

R R R (R IR A EA T 1R VR B0 5E , 04 1.
3. 5. 7+ 9 kGy &AL 5 535028 1200, 370, 250,
80, 30, 10 cfu/g, #H5 KB B 2 7] (1) 2%
AW 1R,

Do B 28 4 58 FEORE o B v S E % R ) AR 1l
10% )77 PR TR AL, Do {8 R/ BB T 3= )
FRSHBURE , SR ARK KN— BE T Dy 1
FRAE log(N/No)y=—KD (xUH No 2y FE T A1) 4
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Fig. 1 Effect of E-beam irradiation dose on total plate
count of drunk Bullacta exarata
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[ 7 FEAREAS D10=3.46 kGy, RIWIAH TR S ECh

1200 cfu/g HIBEJRIZ, £ 3.46 kGy FH A B 5 T4
BHOR D 90% . BEJEIR N Do {H 15 8 0 e i )
(D1=3.12kGy)  Bifrfiita22P (D)=3.62 kGy)
FIHL, HEFEELZMa A (Dy=1.61 kGy) P, Dy
(1 22 7 32 B ply DRSS 0 R 7 % 1 Ak A 0 el AN
A5 .
2.2 BTREBMERZEE RSN

SR U R RS BRI B VAN, 45 R LR
2. ATLAEN, &5t 1~9 kGy FE TR, B
TR OB RTE A LT BT A2 4L, 76 5 kGy FH T,
T e MR LUV Sk, (E R R D R TR TR A
K, e 7 kGy a4 FRIREA ik, A
JRE 3 d JERRIEAN K, L2 9 kGy =
RS, TRV AR W ) R s SR R
Sk, ArRe SRS R R D A S, R
USEINSES A

U T R TR MR T S RIS, AR
A% W RCR SIS 3 R 04 14 3. 5 kGy
FIEAL.

R 2 BFREBNERZRE TS

Table 2 Effect of E-beam irradiation on sensory score of drunk Bullacta exarata

AR IR J&F $84r Sensory index
Irradiation dose /kGy A% Odour Ik Taste 1% Colour J£4 Shape S PE4> Total score
0 5.0040° 5.00+0° 5.0040° 5.00+0" 5.00+0°
1 5.00£0° 5.00+0° 5.00£0° 5.00+0° 5.00+0°
3 4.81+0.09° 5.00+0° 5.000° 5.00+0° 4.9440.07"
5 4.6240.01° 4.85+0.12° 5.0040° 5.00+0" 4.8240.39°
7 4.03+0.06° 4.5340.14° 5.00+0° 5.00+0° 4.55+0.06"
9 2.90+0.05° 4.09+0.23° 5.00+0° 5.00+0° 4.0740.09°

e RS EAR T BEHRE LR 225 B (p<0.05), FEHHFRE LR 2R A B (p>0.05), K 3. K4,

Note: different superscript letter of each column indicated significant differences(p<0.05),same superscript letter indicated no significant differences(p>0.05),

the same as table 3 and 4.

2.3 MhiEEAE & 2ARRBEE S HTR

FEJRIRZE 0, 1, 3, 5 kGy WL 7RG, 4>

VA SRR 6, o SRR A U S R v R, 4
R 3.

£33 AEMEERNEHERIZNEE DY
Table 3 Total plate count of drunk Bullacta exarata during cold storage(c.s) and room temperature storage(r.t.s) x10°cfu/g
45 7 5 Trradiation dose / kGy
it B i)
Storage time/d 0 ! 3 >
I c.s HRIE T 1.t.S VK c.s HRIE 1.t.S I c.s AR rts Vi c.s HRIEE 1.t
0 1.2040.04* 1.20£0.04 0.37+0.01° 0.37+0.01° 0.25+0.01° 0.25+0.01° 0.08+0° 0.08+0°
15 1.3040.01* 2.90+0.13° 0.40+0.02* 0.76+0.03* 0.26+0.02* 0.28+0.02° 0.09+0° 0.14+0.02°
30 1.9240.02° >5 0.44+0.02° 2.80+0.20° 0.41£0.03* 0.45+0.02° 0.10£0° 0.18+0.02°
60 2.3340.01° 0.51+0.03" >5 0.45+0.02° 0.80+0.03" 0.11+0.01° 0.21£0.01*
90 3.2040.06° 0.60+0.01° 0.49+0.02* 1.0040.10¢ 0.1340.01° 0.39+0.02°
120 4.10£0.11° 0.72+0.03° 0.5240.01° 1.2040.13° 0.16+0.02° 0.50+0.06"
150 4.50+0.14° 0.86+0.02¢ 0.65+0.02° 0.17+0.01° 0.58+0.02°
180 >5 0.99+0.01¢ 0.81+0.04° 0.2140.01° 0.69+0.03°
210 1.40+0.11° 0.90+0.04° 0.52+0.11° 0.79+0.01°
240 2.700.23" 0.96+0.02° 0.74+0.14° 1.00£0.11°
270 >5 1.00+0.03° 0.91+0.12° 1.3040.13°
300 1.2040.03¢ 1.1040.12¢ 1.40+0.08°
330 1.500.11° 1.3020.09° 1.80£0.15¢
360 1.8040.20° 1.50+0.08° 2.50£0.21°
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M 3 A, WYRIEL 1. 3. 5 kGy AliEdE
WG, I RSN P B T B0 1200 cfu/g 431
Wb A 370, 250 H180 cfu/g, 5 kGy 2048 MUK 14 %
I8 93.75% . ANFIEBILEE T, AR Ab B 5
VEMRTR VR DB AR AL, XA, &
1. 3. 5 kGy 7 Ab B 5 e W v v 40 THse o 2%
s BIAE R, o AL MR RV B0 i /b
TR B H A R AR A T BB VR S 2. GB10136-2005
CHEHIZE B ah kK P i TZEARHEY BsE, e
K TR T MBI<5000 cfu/ge H1E 3 Wl 0L, X
P2 e R A V4 A 5 3 R 200l 56 180 K. 2 30
KB HZ LRI 1 kGy 4l HI7ES 60 K CRD -

270 K (A i 5000 cfu/g EIRME: 3 kGy
F15 KGy 71 P OGS e sl Y8 W (1 400 e R 2
TR A VA S A 5 I8, 360d A TR T B BUA it
5000 cfu/g b FRAE . XI5 HEFI I 4.0 kI/kg, 8.0 kI/kg
(K] Co- A LR A FEIE YR UZ, BN 4.0 k/kg 21812
76 3 N H W TE B AR AR, 8.0 ki/kg AR i%:
75 6 AN H W BT R BB K. ] L7 AR S
Co™ -y £ I B e AT AR K e I8 rh i 2,
AR, AR .
2.4 MR B KR EEERBEE SITFSRT N
FEARFIRE R, 04 1. 3. 5 kGy 7l & 41
TRIBUER B RV AR A WL 4.

F4 REMERIOEAERZENRE ST

Table 4 Sensory evaluation of drunk Bullacta exarata cold storage(c.s) and room temperature storage(r.t.s)

4R 5 Irradiation dose/kGy

i T T 1]
Storage 0 1 3 5
time/d
Vi c.s IR .88 A c.s IR 1.t.S i c.s TR 1.t.s VR c.s IR IE .tS
0 5.00+0° 5.00+0° 5.00+0° 5.00+0° 4.94+0.04* 4.94+0.06" 4.8240.39° 4.8240.39"
15 5.00+0° 4.5140.07° 5.00+0° 4.8040.07° 4.90+0.07" 4.90+0.05" 4.7240.12° 4.7040.15"
30 4.9240.01° 3.6140.07° 5.00+0° 4.40+0.09° 4.85+0.06" 4.3440.04° 4.68+0.07" 42340.07°
60 4.7440.01° 3.2240.07° 4.9240.07° 3.9040.10° 4.8340.05" 4.06+0.06° 4.63+0.09° 4.0440.11°
90 4.5140.02° 4.730.02° 4.8340.04° 3.2640.10° 4.5740.05" 3.360.09°
120 4.4240.03° 4.64+0.04° 4.6240.01° 2.87+0.07° 4.55+0.11° 2.92+0.04°
150 4.05+0.08° 4.5340.01° 4.4140.02° 4.3440.06°
180 3.57+0.09° 4.3240.06° 4.35+0.03° 4.1540.08°
210 3.9140.03° 4.3340.05° 4.1240.02°
240 3.60+0.04° 4.2140.09° 4.0740.01°
270 3.27+0.01¢ 4.0240.06° 4.06+0.01°
300 3.8240.01° 3.88+0.05°
330 3.67+0.02° 3.66+0.02°
360 3.58+0.01° 3.54+0.03°

76 1~5 kGy FIE N, T AR K T
P e R P B B IG S (p>0.05), S AT i
DB 2 BN AT PR, AEEER B T TR IR AR
b, FEARRECRFFIRIE BRI R A R, JEE VR L
5.05 A T TR e MR 5 R 1R AR AL /N T YL A
Ji, WA — e REE LA B TR R R
AR o

PR IR I RIA R BN 1.20x10° cfu/g
I, FEVAEEE 180 RELH LS 30 K, XA
B R E PR RS S T 3 4, (HIRR LR TR B
Yok, ARSI KT e MHE L ANMH. &
1. 3. 5 kGy &bBJ5, B4 IR WA 1 LR 5
gk s 33 3N BRI, 1 kGy Al
B2 TR T IA ) 8 N H, 3. 5 kGy 2R HRVA i

12 G % BRSO Tz, HIEE
1 kGy HIJetR P ORFUHA & 3. 5kGy 4, 1M 3.
5 kGy 2 ISR TR AR, 72 [FIRE R AL B SR
R RUAT BEE BRAGN E H T E E LL BRI AR RE,
TR MR A3 (AR R A5 0 3 kGy, (RTAI 4 1
THAEAR S MHEKSE 12 M H, FHilR&E T
H R IA R 1 AN H e K3 3 AN H .

Johnson 252 FH 0. 1. 2. 3 kGy 748 A
LB, IR DU (0, L R — 2 52,
(BT FE M AT 7 A 5 5 ) 7 230 P o e 4
BRI AEY, DR R IR B A KR P (kA
Wy, HFE S, ARG, SR 2.4, 6. 8 kGy
FIRHRIE, B R AR TR BN 2.09x10% cfu/g 4y
WIFER] 213, 564 23, 7 cfu/g, &M EERILE 5CIE
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1720 d, RS BT, (HEAE 10°CI A7 AR [R]
IR P BRI 2 BT 2RI ] ©Co- it 2k
TR, 4~8 KGy 7|5 A FE AT {5 R 11 VA AR o
Wik 3 MHZEKR 9NN H, XEEHFFE ARG 1) 45
FAIL. BEAL, ARV RN B T A N T
IR I TR bR ARk, AR IR 4R R AL e AR R
FUPMKTEALIAE 1 A HIEK S 3 M H, KIUH
ECUF IR AR PR E 16 IH R A A S I M ) i
PRI EAT AT AT
2.5 BFRERBMEREZEORIERERLE
EFRMERZN

PRI T, e 2 B TR A
i, HE &2 a i, IR0 7 e
o TR TR A R () TR R, R IR MR ] 6 57 2 1 I
B IR A AR A A T . e I8
2 1. 3 15 kGy FlEERE, WEYREARS
O AL 23.83% 20 W AR A 24.12% 23.11%F1
24.30%, 41IE)ZE 54 W3 (P>0.05) . - 71 & Je 5
AR A KRS, WAL SN 5.

FHE 5 A4, AR AT S MR IR s R B A R A K

AR, HAR R ERAR K AR S m A i e,
X MAMLZERBE (P<0.05) , XMFE LR
B EEAT S B R, T MR IS AL e ok
AR, £ 1. 3. 5kGy FflEREGE, Mieirh e
PR R M TR IR B AN, AT
39k 28.77%. 28.93%4A1 37.50% (P<0.05) , 7
VB OV 2 W AN [+ 91050 14 HhL 1 SR T KK (1 2R
RS IR & S 4R e e B 2
S\ M BR 9 kGy FIESR, 1. 3. 5. 7kGy 7l &4l
HEL 7 A4 OO YR i A 2 IR e e R, (i
XEFEAHEE, 15 F1 30 kGy )5 H 7 A4 IS 55 1
WD TFHEEIER S L EAA {30795 1~9 kGy
R TR TR PR 2 TR B B I 0.33% ~24.6%7;
2.5 kGy “Co- i £k kb FRFIH, £8P 2R 11 IR LR
=30, A Asp, Ser, His, Arg, Cys, Val fll
Leu AN Z 838N W%, 1M Glu, Gly, Tyr, Met
AR RS, (R HECVRIT 4.0 kI/kg, 8.0 kl/kg
Co® -y LR AL BRI, VR NBHR TS oA BT T M.
A WAS R JEORE R U AN [A) 2 JE R X L 1 SR LA M
Co- i LR MR AT — i 2 572

5 BTFREBNERIZRERRE S RIFE

Table 5 Effect of E-beam irradiation on composition of amino acids in drunk Bullacta exarata %
SRR 4RI irradiation dose / kGy
type of amino acid 0 1 3 5
RAZR (Asp) 1.3520.023° 1.7240.030° 1.62+0.020° 1.7840.018"
A (Thr) * 0.4740.016" 0.60+0.002° 0.61+0.042° 0.61+0.023"
254/ (Ser) 0.30+0.009" 0.56+0.005" 0.68+0.011° 0.88+0.013¢
B (Glw 2.2040.033° 3.3540.067° 3.89+0.048° 4.11£0.090°
HE® (Gly) 1.1940.029° 1.69+0.035 1.59+0.021° 1.78+0.009°
NaE (Al 0.98+0.012° 1.1340.035 0.95+0.014" 1.04+0.023°
SR (VaD) * 0.5140.036" 0.56+0.055° 0.54+0.052° 0.61+0.026"
B (Met) * 0.2740.041° 0.30+0.011° 0.2740.035° 0.30+0.001°
FovEiR (le) * 0.58+0.021* 0.73+0.034° 0.64+0.014° 0.7440.019"
e (Lew) * 0.98+0.027° 1.16+0.035 1.08+0.008" 1.28+0.005°
W (TyD 0.20+0.015° 0.20+0.020° 0.20+0.017* 0.20+0.024"
KN (Phe) * 0.61+0.003" 0.73+0.002° 0.81+0.051° 0.7740.012°
M5 (His) 0.7140.024° 0.66+0.053" 0.7140.016 0.57+0.005"
WEM (Lys) * 0.7440.015° 0.96+0.021° 0.9140.022° 0.9140.017°
Ka M (Arg) 1.39+0.022° 1.7240.017° 1.59+0.019° 1.58+0.004°
ZHMR N E (TAA) 12.48* 16.07° 16.09° 17.16°
W TR B (EAA) 4.16* 5.04° 4.87° 5.20°
(EAA/TAA)X100 33.33° 31.34° 30.25° 30.39°
(EAA/NEAA)x100 50.00° 45.65° 4337° 43.66°

e TR TAA ZIEMR B, EAA Bl aEMR A H; NEAA iSRRI EE. T AR TP R E &R 25 B3 (p<0.05), FRAAMZ

FRERA G E(p>0.05), £ 6 .

Note: * means essential amino acid; TAA means total amino acid; EAA means total essential amino acid; NEAA means total nonessential amino acid.Different
superscript letters of each row indicated significant differences(p<0.05),same superscript letters indicated no significant differences(p>0.05), the same as table

6.



260 Rk TR 2013 4
MR IR R B 1 T 7 i M L R A R, T RILFRIT /N (AAS), SR NE 6.
*F 6 HBETREBWEREEAQRSERITS BN
Table 6 Effect of E-beam irradiation on the amino acid scores (AAS) of protein in drunk Bullacta exarata
) i IR irradiation dose / kG
ZHEMR Amino acid HANI R y
0 1 3 5

I Thr 4931* 62.19" 65.99° 62.76"

AR Lys 56.46" 72.37° 71.59° 68.09°
AR Z R Met+Cys 3237 35.54° 33.38° 3527°

AR Val 42.80" 46.43° 46.73° 50.21¢

S e 60.85 75.66° 69.23° 76.13°

LR Leu 58.75" 68.70° 66.76" 75.25°
HRNE R+ E R Phe+Tyr 56.65 64.26° 72.84° 66.53°

PN ST, YRR S — PRI R SRR
FEE BRI Z IR I A 8 e R A1k, 43 )
i Met+Cys Fil Val; 55X AIAHLL, SRR 41V &
H R & TR IER A AAS TR, oy
WRFE RS ERZ NRER . oo AR
R+ IR T AAS HINH B LA (P<0.05) .

3 & i
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Extending shelf life and keeping protein nutritional value of drunk
Bullacta exarata by suitable electron beam irradiation

Yang Wenge, Mao Yuhong, Xu Dalun, Lou Qiaoming, Li Chao
(School of Marine Science, Ningbo University, Ningbo 315211, China)

Abstract: Bullacta exarata is a kind of small economic shellfish distributed in intertidal zone of China's coastal.
In the southeast coast of China, B. exarata is often made to drunk products and eaten raw, hence it may pose
health hazards to consumers when contaminated with microorganisms. As limited alternative methods are
available to sterilize the drunk B. exarata while preserving its raw characteristics, electron beam irradiation may
be considered as an effective method for sterilization.

This study sought to explore the bactericidal effect and changes of sensory quality and protein nutritional
value of drunk B.exarata treated by electron beam irradiation and provide an experimental basis for application of
irradiation sterilization technology in drunk B. exarata. Using drunk B. exarata as research material, the influence
of electron beam irradiation on total plate count, sensory score, protein content, and amino acids composition
were investigated, and then the shelf life of drunk B. exarata under refrigerated or room temperature were
determined.

The results were summarized as follows: 1) 1-9 kGy dose of electron beam irradiation did not cause the
change of color or shape of B. exarata, but they were off-flavor after irradiation with a dose of 7 or 9 kGy. 2) The
higher the irradiation dose, the better the antiseptic effect. The Do value was 3.46 kGy when the total plate count
of B. exarata was 1 200 cfu/g before irradiation. The sterilization effect with a 3 or 5 kGy dose was obvious, and
total plate count of drunk B. exarata were less than 5 000 cfu/g both refrigerated and with room temperature
storage within 360 days. 3) There was no significant effect of electron beam irradiation on protein content, and the
limiting amino acid was not changed after irradiation. However, the total content of amino acids, total content of
essential amino acids, and scores of essential amino acids (AAS) in irradiated drunk B.exarata ascended. 4)
According to the research about the sterilization effect and sensory score of drunk B. exarata, the recommended
dose of electron beam irradiation was 3 kGy.

The shelf life of drunk B. exarata treated by 3kGy irradiation was extended from 5 months to 12 months, and
from less than 1 month to 3 months, respectively during cold and room temperature storage. This work can
provide technical references for preservation of drunk B.exarata by electron beam irradiation.

Key words: electron beam, irradiation, sterilization, drunk Bullacta exarata, total plate count, shelf life, amino
acid
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