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Abstract: To enhance the practical gpplication of active edible coatings in the food industry, edible zein coatings incorporated with nisin or
nisin/ethylenediaminetetraacetic acid (EDTA) were usedto preserve the quality of commercially manufactured Takoyaki. The microbial load, total basic
voldtile nitrogen (TVB-N) content, weight loss and sensory quality were served as quality indicators. The increase of microbial load of Takoyaki coated
with antimicrobial zein during a 18-day refrigerationstorage periodwas less than 1 log cfu/g, while the microbial load increased about 3 log cfu/g for the
control group without the coating treatment. The formation of TVB-N was significantly (P<0.05) reduced when Takoy aki were coated with antimicrobial
zein. With or without antimicrobial agent, coated Takoyaki exerted significantly (P<0.05) less weight loss and better sensory quality than uncoated
Takoyaki. The zein coating can extend the high quality Takoyaki shelf life to 12 days, and the zein coatings incorporated with nisin or nision-EDTA can
prolong the high quality Takoy akishelf life to 18 days. The result ofthis study canbe a technical referenceto improve theprocess technology of Takoyaki.
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NAEEFR R, SRIGION 28 CHIBFRAEN 5T 18 h. &
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4789.2-2010°1 3052 84 77 ik #EATF- Mt H
4GB / T 47T89FNE 171257 ThS 4 it 0] A BK 1A
(S. arueus) AIAGEZEFATEE (B. subtilis); KT
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WK, PEE), ARSI 1g MgO Al 3 i i) (1E ¢
B, HEHRE A WOE R A 1% IR HEaI R 30 mL,
Z&0% 5 min, 0.1 mol/mL ERESHRUER EW, 4551
mgN/100 g 7.
136 ETE=MEE
B HIAERRAR BURE B R RE N BB (my), SIS
R FE A IR R AR E R (m,), &R Ak F Rt
i rh F AR R B AR 2R
FHEFRZE =(m —m,)/m, x100% 1)
137 R
R PEE B 5 AT G B B VP /N i
17, B R e, SRR AR TV 43
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* 1 ERRREVEE HMEMRE
Table 1 Sensory score of Takoyaki

HZ (%) 5% 4 5 35 24 14
Aok HriEsties SRRERE LA ARaNsk s ARE%, ARK RABMER, AR&E
(0.25) 8 AR, Aok % Mok, Ffiek #4912 vk JiE AR
vk R, SMERM M TR, SMERA
‘ ¢ Ey - o AE &R AR
(0.3) ey WL
F bEk e, HF X, B SaHABpE AT RS, B
&% (@meEE, Al KAk, fi fu‘of BEA ﬁ&ﬁ%k%%%Ii N3 R EAD, IR
(0.15) F, AkE #45 Eptsk e, BRRAARFE F R
FILAFAE RBEBRE, L RBEELE, A ROAMEER,  R@OWRREL, A REBEL, A SR
(0.3) T RAFIE v EIRIAKR B S ARG % 4354 e, HHBEEINL

15 KELHr

RIS A bR S 3ANPAT e, i g
M PSR HE1TH1 5%, K F Origin 8.0 £, SPSS 17.0
HEAT 52 M, REMEKF & E N P<0.05,

2 ZR5iH1p

2.1 F 8K R 4R AT

BARRIESESE, G E 25, RS2
PV S Yo, F5 AN IR, B IR AR H 4T,
FECEFERRG WK AR Wl TATERE. UE
¥ REEAYERK D& BWER 2 Fon. FERHE
BRI, XA B T HGREE N TR R A 4
(0.8240.37 g 100/g FW); & fle /& il il 25 1Y
ot H T SRS R SRR R, R
b, R B RN 5.5640.82 g 100/g FW.

%2 BRRMEAREFRS (2/100 g FW)
Table 2 Proximate composition of Takoyaki  (g/100 g FW)

Ko Ean g AT L) JER 44 R
51.29#+1.73 15.76+1.65 55640.82  7.23#0.57 17.23087 0.824).37  1.9540.09
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A TR E L HE A Nisinfl H R 1) FOK B 2 A
B 2> FRRH M B B B B (R, et el
ZJERTA(S. Arueus) FIAEE ZEFIFT 1R (B. Subtilis)se P
LA IR 2 IR P - WnR3FR , ASEEGHH Zein
RN SRR ENisine GF 7729100 lUImL) (1) Zeinik
I 250 oF 46 B €0 6] 3K TR R RS 5 2 FOAT B G S 4R
Fo 53T 5256 WA RAE YD, Zeini R 1 Nisin ) £
A% S EE 200 1U/mML, 1H 24 Nisin ¥ £>400
IU/mL, Zeinig B AR BT 1T AR Bl NisiniA FEE HE KK
IR,  IXFIE N AR AR Ry SOt A2

F Ve Zein IRBIORT G-140IBE /), B Nisin
VNNV EE SN T4 5, #E Nisin JRE>400 1U/mL /5,
Nisin+EDTA 5 15 Zein i /B0 T ARNE K218, X
W5 RS )G Zein BB 5] Nisin F1 EDTA (1) 94
AR, UM Zein W LABUFHI LIRS RS> Nisin A
EDTA.
& 4 Nisin, EDTA BMSiihEIE AEET EREFAEAR, 3
B = RBAME AHIHIRR
Table 4 Effects of nisin-andior EDT Adincorporatedzein films
against the growth of gram-negatie bacteria, Escheri chia ooli,
Enterobacter aerogenes, and Citrobacter freundii.

A ez

ot = T . . o . s st ¥ @ @A lem®”
AR R T RREZS B E R 4 1 Nisinidt— 204 B E L AR
A% XAR T 53 M ReiRiR a4 apt B i P e Nisin EDTA XMTH FAWFE  aliaaikd V.
o IR ALRAE, K HPUHETHRL. /(IU/mL) /(mg/mL)  E. coli E. aerogenes parahaemolyticus
3 Nisin BB FEAREBEFHNHESRBEEIKE (S 0 0 -*
arueus ) FHEFMIE (B suwbtilis) ZEZFPRM4BERIFN 100 0
E{ER 200 0
Table 3 Effects of nisin-incorporatedzein films against the growth 0 5 0.68940.036" 0.62240.036°  0.57740036°
of gram-positi\e bacteria, Staphylococcus aureus and Bacillus 100 5 0.68240.036; 0.63140.036°  0.64540.036
subtilis 200 5 . 0.70340.036° 0.99240036™ 0.762+0.036°
‘ ¥ dAr/em? 400 5 1.486+0036° 1.32840.036° 0.91620036°
R P Nisin - b
b S. aureus B. subtilis 800 5 1.13540.036° 1.228+0.036 0.960+0.036
SHEFT KA AEFRATA 1600 5 161640036 1.40040036  0.93740036"
0 E:D XY RMEH; a b o, d RRFEEATAR 54T A
100 22 £ 7 (P<0.05),
200 0.46840 036" 0.38640.015°
23 AEFHENEREHREHREE A
400 0.50540.036%° 0.5184).038 © E%}L% % Q/j * 7}( E% /ﬁﬁb é] é\ﬂ% = *]D
800 0.57740.073 0.40840.014" . .
Ja B U BOR
1600 0.543+ 033 0.5174).032

E: O Raet; a b, o, d KR FEERTAAR $54F A
# R EM £R (P<0.05).

Zhou Z5PHESERR Nisin FUth 8524 FCRH 5 A 40
YER, 0 = IR AR AR A R, T2 &
EDTA FFF BRI F] Nisin m] 5 552% FCRA 1 B 21 40
1 o A8 5286 e 35 K+ (E. Coli)s P <UAT H(E.
aerogenes) Fl gl 151 % (V.  parahaemolyticus) =i #:
2% I B R Nisin A1 EDTA ) R KB AR A
JES PR AR AT RSG5 F 1R 4 FoR,  Zein FRE
WAEIEA Nisin 1) Zein 3R BB 5 = KA BE(G)
WA P R . A RIERR EDTA W] P [ IR SR T
FHAE RS MRS, AFRER 5
mg/mL (] EDTA ¥R FEAER KBRS B RS 4005 4
B IN . 545 5 mg/mL EDTA [ Zein 3 535 50 %
G-A—EMHIWEM. 1 Nisin A1 EDTA FI41LE#IN 5
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FEHARAT REG B, [RILAEAS RO B 60 58 R XU 1)
HiE T, ARG E—RhR R B, A
VSAINNZN e AN RPN SR e R N A A [ I N
DA EE e It i AR h U VA HOdE AT 5 e AR U 2
H A YIRS T 36T 2.0 F1 2.2 SEIG 4558, SR
Nisin <% Jy 400 IU/mL, F1 Nisin (400 1U/mL) -EDTA
(5mgimL) 1EA Zein fi CEHUEE TR I FE o

ARSI % T AR B i T e (M B VA BN 3.1
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18 d 1A # 6.85 log cfu/g. Joils M 771 Zein iR A
— TE P RRCR, D BB AT RS R 77 £
(R BE1E AL Zein SR IRABRESMEFH A% . Nisin /E 4
FIBE AN AR TR B B IR LR 2R B3, 7RI
JRAE 5 18 d I VR SN 3.85 logefu/g - Nisin-EDTA
A VNN A N TR BT 2 1 R 2 £ e i
ROCRlT 5 2t et BRI R 7% % 3.11 log cfulg
FIEL, BEENEINEE 18 d, A Wi VA (U 18
hn7 050 log cfulg. A IE 7 I BEIR B ALEA 3 4

AR B, (E R SRR ) 19 HOBERRIE
T, X il KU 234 st i L R = pH (. 3.
TSRS Zein YRR AER IR, S0 flse Al
A PR RIURERS i, SEO6 £5 I S BT SebR AR A
Nisin F1 Nisin-EDTA /E A FIEIET Zein HIER R
T, TEIRIEE fpe el AR FR 4 B R TE I R 22 57
EDTA HIIIAN EZ R4 % 22 [IRBATE , Nisin
nisin-EDTA AL FRFE L ITAEY TR BB R &2 R,
W BF 35 AR TH TS A A ) 32 B 22 ERH T A

5 4CIBEHTHINisin, NisinEDTA BB TEKEZAZE ARBEEZESRMNEEERI M (Nisin: 400 1U/mL; Nisin-EDTA: 400
IU/mL Nisin, 5 mg/mL EDTA)

Table 5 Total viable counts (log cfu/g) of Takoyaki coated with nisin- or nisi/ED TA— incorporated zein or zein without additive duringstorage
at4 °C. (Nisin: 400 1U/mL; Nisin/EDTA: Nisin, 400 1U/mL, EDTA, 5 mg/mL)

- e % B 1)/l
0 3 6 9 12 15 18
5E 3.1140.03 3.214011° 4.3140.04° 4.95+0.28° ~ 53740.17° 5914025  6.8540.25°
Zein 3112003 3.112005° 3.572011°  4.2120.14°  4.0620.04°  4.73#0.19°  5.4320.11°
Zein-Nisin 3114003 3.07+0.06° 3.18+0.08° 3.38+0.03°  35240.05°  3.7020.04°  3.8530.04°
Zein-Nisin + EDTA  3.1140.03  3.0640.07° 3.1530.04° 3.2830.04°  3.4640.04°  35540.05°  3.6140.02°

E: a. b ¢ d REFEEATHF RN BEHEF (P<005).

24 FEABHEEAREEE RUERTE P

TVB-N & {t# %

W 6 Fis, #iff &5 5% TVB-N i v 0.82 mg/100
g, 4 °C¥ 18d FHE % 13.59 mg/100 g. T KFHA R
1 AL B ) 2 A0 R S TVB-N {H . I T R
FE&Y. LA Nisin A1 Nisin-EDTA Jy47i & 7 H1 T ook i

VAL B T AR B ALk B i i B 2 BE R Y TVB-N
TR B I, H o H ER R .

K2 HOCHRIRE K =1 TVB-N {E3E FIfE 20~30
mg/100 g 2 [, At s h iy T2 e T A B
FH R MRS, A KRG T SEME .
A SIHGH i % #0656 TVB-N {8 0.82 mg/100 g, *4 TVB-N
{E 1T 9 mg/100 g MV, T HRE i IR AN AT
Pt .

& 6 ACIREMTAINisin 3 nisin-EDTA BB T EXEBAER AE S %A TVB-N 9 47(Nisin:400 1U/mL;Nisin-EDTA: 400 I1U/m_
Nisin, 5 mg/mL EDTA)
Table 6 TVB-N content (mg/100 g)* of Takoyaki coated with nisin- or nisin/EDTA -incorporatedzein or zein without additive during storage at
4 °C (Nisin: 400 1U/mL; Nisin/EDTA: Nisin, 400 IU/mL, EDTA 5 mg/mL)

N ez 58 B 1) /d
RIE AT
0 3 6 9 12 15 18
S 0.8240.01  1.1840.01 2.5240.06° 4.8740.03* 7.2540.05* 11.0340.09" 13.5940.09"
Zein 0.8240.01  1.0740.04 1.2620.10° 2.5240.08" 3.9240.07° 5.2940.10°  8.2940.52°
Zein nisin 0.8240.01  1.0240.01  1.0940.04°  1.7540.03° 2.5340.24°  3.7640.42°  4.6240.32°
Zein-nisin + EDTA 0.8240.01  1.0940.05 1.114003%  1.7620.07° 2.474011° 3.7020.03°  4.2140.18°

E: A by o d R FEATANR 4847 M 69 R4 £ 5 (P<005).
25 A EXBEE QAT @A e LR S e
HR R BRI AR, SO VR, R il . IRIEAR
i 5 T ez — il R R A Sk Bk, gk 7 FOR,
7t 18 d AR RE Y, XTHERE S BT /K e vk S8
EARRRIAE] 3.13%; BEA R IR A
BRI BURILE , Zein ¥R, Nisin-Zein 5 Al
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Nisin-EDTA-Zein I I5 OReE AR 55 0 A 55 18 d I
HE R RN AN 1.11%. 1.28%F1 1.35%. HHIE i
B Zein ¥RJEREA R 5 e s A 2K AR
R 7 ACIESEM T, & Nisin, Nisin—EDTA B Zein MR E S KRV ES R R34 (Nisin: 400 1U/ml; NisinEDTA: 400 IU/nl Nisin,
5 mg/mL EDTA)
Table 7 Weightloss (%6) of Takoyaki coated with nisin- or nisin/ED TA -incorporated zein or zein without additive during storage at4 C
(Nisin:400 1UmL; Nisin/EDTA: Nisin, 400 IU/mL, EDTA 5 mg/mL)
Storage time/d
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O, ELAM B AR IO oK B 2 1 TR 7K 43z i
PESZIAAN K.

= VA
5

IR AT

3 6 9 12 15 18
5H 0.5540.01°  0.7120.05°  1.5120.06°  1.9440.07°  2.73#0.15°  3.1340.15°
Zein 0.1020.00°  0.2620.02°  0.4120.02°  0.6620.02°  1.0140.08° 1.1140.08"
Zein-nisin 0.1020.00° 0.2020.02°  0.3320.01°  0.7620.02  0.980.05°  1.2820.05
Zein-nisin+ EDTA  0.0740.02°  0.2720.0s"°  0.3720.03"  0.8620.05°  1.1530.17°  1.3520.17°

E:a, b, ¢ d REFERTAR TN BF £ F (P<005).
; ~ (<441, HF12d DUGBE MR AT 525270
' 7 |- £ KB ‘\/\ #‘i':@\%ﬂi' i s e RN T =
26 MEA-EAREEQRRS SRR Wi, % 15 d DA EH; M4 Zein ME AL 5 R
T 22 12 d IS AT IR Bt e (4 73), i 18 d

B oph ke BRI 4N it o -
B R B Zein VR B P SRR S TR s

4 PhAb R RS AR 4 CIO RN, B
JRVPARAINER 8 B, 3 Fhig Ak 0T 2 e /s B
i JI RS AER, =B RN IR RV 71 85% 1 £
M, FEIR AL PG CRE R K3 B A HIET IR
AFRETH IR T2, (HEARRE Wi o e Zein IRJE
MEAPE RN Zein IR RELZ ML H01 5Bt 75
rh B R R TS A T . oA TR ) e e
ZF e, H6 d JERCE W BULIC TR R Gea
R B ACIH LM THI Nisin/Nisin-EDTA-Ze in ;A S BRIV E

Nisin-Zein 745 1 Nisin-EDTA-Zein 14 JI5 25 fa ke, 76
AL AR, AR B B, B
5 22 58 18 dATIEL AR R e i . AR
o HE A0 et TR TR AR ) 5 B, DU AR T ™
M4 Zein ¥R M ACEE 3 (0 e MR RRE I AP AR, 1X
5 Zein JEXE K53 () BELRE 14 F0EL — s filf S 21 S REAE
FiA K0,

54k, (Nisin: 400 1U/m_; Nisin-EDTA: 400 IU/m_Nisin, 5mg/nL

EDTA)

Table 8 Sensory quality of Takoyaki coated with nisin- or nisin/ED TA—

incorporated zein or zein without additive during storage at 4 ‘C (Nisin:

400 IU/mL; Nisin/EDTA: Nisin, 400 IU/mL, EDTA 5 mg/mL)

Storage time/d

TR AR
0 3 6 9 12 15 18
BE 5.0040.00 4.5540.01 4.0140.05 3.6540.06° 3.0440.07° 2.5340.15° 1.83#0.15°
Zein 4934001 4.6140.00 4.2640.02 4.3140.02° 3.97#0.02° 3.5120.08° 3.2140.08°
Zein-nisin 4954003 4.5040.00 4.5040.02 4.3340.01° 4.2620.02% 4.15+0.05° 4.0140.05°
Zeinnisin-EDTA  4.9240.02 4.5740.02 4.5740.05 4.3720.03°  4.1640.05° 4.1530.17° 4.0740.17°

E: a, b, ¢ d AR FEEATHRE RN EEHEF (P<005).

3 g

Zein WRNRAE W3 DG A oe RE R0 R R T
(19575, JEH RN Ffa B ekidd #2rh 7k oy 28k SR
BB ARG IER . RIAPUE R Niin
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