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Effect of Chitosan-Ascorbate and Calcium Lactate on the Fermentation and
Quality Characteristics of Squid Sikhae
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Dept. of Food Science and Technology, Food Industrial Technology, Catholic University of Daegu, Gyungsan 712-702, Korea

Abstract

Effects of chitosan-ascorbate(CA) and calcium lactate(CL) on fermentation and quality of squid sikhae were in-
vestigated. CA and LA were added at 0.5% (designated CA1 and CL1) and 1.0%(CA2 and CL2) concentrations,
respectively and fermented for 12 days at 10T. pH of CA-added sikhae was higher than that of control, while acidity
of the former was lower than that of the latter. During 12 days of fermentation, CA-added sikhae showed higher protease
activity than control by 2.3~2.6 times and CL-added sikhae by 2.8~3.6 times. At 12 days of fermentation, CA-added sikhae
revealed higher amylase activity than control by 1.2~1.4 times and CL-added sikhae by 1.5~1.9 times. CA-added sikhae
also showed higher amino-nitrogen content than control by 1.4~1.7 times and CL-added sikhae by 1.9~3.5 times. In
comparison of CAl1 with CA2, CA2 showed all higher pH, protease and amylase activity, and amino-nitrogen content than
CAl. In analysis of electrophoresis, molecular weights of major proteins in raw squid were 116.9~119.0, 96.5 and 59.3
kDa. However, after fermentation for 12 days, a protein band of 119.0 kDa disappeared but a new protein band with below
14 kDa appeared in sikhae, especially CA-added sikhae. In sensory evaluation, the intensity of sour taste was the highest
for control and the lowest for CA2. Softness of squid was the highest for control and the lowest for CA2. Ovenall
acceptability was the best for CA2. In conclusion, these results suggest use of 1% CA in sikhae preparation as addition
of CA(CA2) increased the protease and amylase activity, nitrogen content of amino form, sensory acceptability as well

as shelf-life of sikhae.
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%A, chitosan-ascorbate’= chitosan®] amino”]$} ascorbic
acid7} Schiff ¥F2-of 2]gle] ABAY H(Riccardo et al 1984)
S 2 Aoa] Tld dialee 9T FA Fomir 14
HARE AMagozm vjeks owshe g1 9o w(Kanau-
chi et al 1997), A|4te] Zo} A# =2 Vehle Crohn's®H 9] X]

2 ool G3KTsujikawa et al 2003)S Vel o, BlEpa
C«] PrreleS EA71E BAlol chitosan?] QP43 S o)
= ZHgo] Q&= Aoz Az tHZoldners ef al 2005). &,
calcium lactates 84 ZHAEA g BgAZ da A}
SH1 lom(Lee ef al 1988) R0 A2 A58} 1(Patti-
son & Gelroth 1989, Lee et al 2003) ZFo| LS oA}
21F9] AL wole At e Aoz 4R ok

£ dFoM e oA A8 A=y MM E4d e
H&pr] Yste] AR (Lee ef al 2005)0) 4 EHE WhHoz ¢

Aol A& & A =gl 1] chitosan-ascorbate?} calcium lac-
tate A7k Aol S5 F4 sl vlAe B 24}
sk
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1. g 2 g

75 Ffetol A o] HH 2AAE A niE A -25T
AM FAE FHZ TYstA *P%S}Sii‘:‘r. HAszE Wz,
7R, Q71E, 874, vHe, B A Akl Salt Co Ltd, Ko-
rea), calcium lactate(Duksan Pure Chemicals Co Ltd, Korea)
E AL83}% 2w, chitosan-ascorbate(CA)= 5%<] ascorbic
acid(Sigma Co USA)-2-9} 100 mLe]| chitosan(746 kDa, Chito
life Co Ltd, Korea) 5 g2} H] &2 883l TANZE &L
& Mgt

2. AYTE Y A6l M=
A& Table 13} 20| control, CA 0.5% H7HCAl), CA 1.0
% 3 7HCA2), calcium lactate 0.5% 3 7KCL1), calcium lactate
1.0% F7HCL2)Z F-23)9ch %Egﬂoi( ?g}at 80%) =
15CA 53 F A S AASI L BEERES 133 cmB
T T%(wiw)E Al AFE 7Fste] 10TolA] 24*1?&%‘& Z<hsl
FE 05x3 emZE A A3 7% HA 258 Eo] 10T A
24*1 et Ao FAE 8718 AAR F AMESiTh v
Z5He UIE7HE Wiela, 137t nks 2@ AL
245t starter(L. plantarum: 10" cel/mL)} &) 2o F-9}
HEH 3 A" o9 & E3sle] 250 mLEC] F7o]
© frel87190 211.5 g¥ Hol 10TAHA SA3AZT

ol Aslel %4
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Table 1. Experimental plots (2
Materials Control  CAl CA2 CL1 CL2
Squid” 100 100 100 100 100
Cooked 40 40 40 40 40
millet
Red pepper 8 8 8 8 8
powder
Malt powder 5 5 5 5 5
Radish” 505 50 495 50 49.5
Garlic 4 4 4 4 4
Ginger 2 2 2 2 2
Seed 2 2 2 2 2
culture”
Chitosan- - 0.5 1 - -
ascorbate(CA)
Calcium - - - 0.5 1
lactate(CL)

R Squid was salted with NaCl(7%, w/w) for 1 days at 10C.

? Radish was sliced and salted with NaCl(7%, w/w) for 1 days
at 10T.

¥ 10% radish juice fermented for 1 day at 37°C by L. plantarum
was used as a seed culture.

A5 18(211.5 g)ol] =< 1050 mLE ¥ 1 ACE homo-
genizer(AM-10, Nihonseiki Kaisha Ltd, Japan)2 23 3t
% o3jsled AL A 20 mLE 8l pHE pH meter(720P,
Istec, Korea)Z, At pH 827} € wWj7tx] 4wH]E 0.IN
NaOH mLE F3}9] lactic acid %= VERAAT

471 pH 348 a3 1 mLE #Hat] 2% 1% pep-
tone T2 24 0 2 3|4 %t & E74== nutrient agar (Bec-
ton, Dickinson & Co USA) ¥%], A 74+ 0.002% bromo-
phenol blueZ &-5-51%= Difco™ Lactobacilli MRS agar (Bec-
ton, Dickinson & Co USA) wljx]of] &3}5}cd 37Tl A 48A]
7+ wioF & el colony 5 A &3} tHLee et al 1996).

5. Protease 2! Amylase &AM

Protease %/“—9 Lim & Yoo(1999)2] "o ula} =73}
Ath. 2, ©40] SARE 10 gof] 0.IM NaCl &(pH 3.0)
20 mLE 7}8hed Wit Al shall, 9A1%e](15,000 rpm, 10
B AN ghdoz AT EANES 0.6%
casein-g F-73k= 0.1M NaCl £H(pH 3.0) 0.5 mLol] H4A N
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0.5 mLE 718l 37Co)A 3087 vbgA)7l & 10% TCA
1.25 mLE 7}3led 15,000 rpm S 2 105-7F A4l E2)sled A
AL At o] AR 0.5 mLef 0.55M NaCO; 5 mL,
IN Folin A]2¥ 0.5 mLE 713} & 660 nmol|A EF=E 2%
3P o EEE tyrosine] 7 A (tyrosine 1g/0.5 mL = 5.56
x OD - 0.22, =0.9987)7)] 2|5t 3ek& 2k=3iict 84
S AE 1 gl IAZE FRF whg-ste] A3 tyrosine pgy/
ghrz ehiich

p-Amylase2] 412 Choi et al(2002)2]
10 gol] 0.1M NaCl £(pH 4.4) 20 mLE 7}3le] wlis}e)
A T, DAIEE](15,000 rpm, 105)8H 4 olS Fholo
A& thaoll pH 442 23S 1% 7184 HE &
1 mLo| 489 1 mLE 715t 30TAA] 1A 75 v
Aw x}%ép ARe) P L foloz HANH 660
AT B8 28] 1 go] 1A17E
et ‘?l%% 04 Al AedFoz Jepfich

el mieh, Ash

o 12

o B

*]EH KA 5 g2 75% ethanol 2 FZ, JZ3t AL A]
F 2 3} Formal $(The Korean Society of Food Science and
Nutrition 2000)0]] F3la] =73 5le] mg/gC. & FEA)SIHCH

7. Mo|ds

A A ] AR 04 gol] 8 M2| urea, 2% mercapto-
ethanol 2% sodium dodecyl sulfate® $-7-3F= 20 mM tris-
HCl $+220(pH 8.0) 7.5 mLES 7}8te] A3t T 100C
A 283 7HE, H-2olA 2043t mRkste] 7HE-3ls Tt
el &2k Biuret B(Gomall et al 1949)¢ oJ3f & s}
Ak A7195L 1719 F A E(Power N Pac 200, Bio-Rad,
USA)E AM&-3}d Laemmli©] %P (Laemmli UK 1970)o]
2} 10% polyacrylamide gel& o] &3l o BajeF FEo 2
SDS-PAGE standard(Broad range 161-0318, Bio-Red, USA)
& AHgsisich

=
olr
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>

] =]
s HFshe
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Bo| Fe o o3t Al v, A8l A= 2 FHH
Q1 9k& 94-scale(Meilgaard et al 1987)2.2 AF gv} =
= ob #tH13), ob ettt e #4vh2H), EF ottt
EE BE AU(GA), o Gt e 7 AtH4R), I3t
AE A= grt Be FAE GAE FHSH), A
sttt e Azt FUH6R), BT st e BE FTHTR),
Zsith e FUH8R) 2 ok stk e ol FTH9A)

= sl

fol

Kool REESATE

2 ASle RE HFe 33) WMBoE AP
Rz ﬁv:%iﬂi Jehigien, Bedal Ao B

29 5049 Hix|9o BEAAZ Jeplith fod 2S5
2 SPSS(Statistical Package for Social Sciences, SPSS Inc,
Chicago, IL, USA Version 12.0) software packageS ©]-83}
<] Duncan’s multiple range test 2 t-testS 33} TH

e

10Tl A 123 SAAI71HA] pHEE AFE

/‘}6; Z 3} Table 29} Zt} pHe) Ao e &4

Z|EZ chitosan-ascorbate(CA)E 0.5% 2

% 7}k CA1Z} CA27} tjzTte] Bl3le] pHE =31 4%
o ks JERNRI o, calcium lactate(LA)E 0.5%
1% 718 CL1 2 CL2% CARTI: Bou} glz7ro}
2 pHY Be A2 Jepiith

Lee et al(1996)2 @Ao] 2a]Z2 10T 1297 S44]
AL o pHE 538, A& L17%E B1slg ovt 2 A3 o)

0. pHE 3.98~4.53, AFEE 1.57-240%2 33 oS
Yehhlet o8 Afols AgRA 5 $48749 Ao
A & ZAFe i Lee ef al 2005).

28 A X9} 2L 24 daz Y| Zake] pH
9} 2bxo] Mzl d3KPark & Lee 2005)& S H} CAoIA
E2 pHE B2 A= BS Ueiis 873& CAdl s 2
bl A&o] AsES YeR®, ©]& chitosan R CAZ}

8-S vehdths 97 23 Jung er al 2001)9} LX]3}
. ¥ CLY H7FF= tizTd vlgte &40 dAs=
F& JEI e oleldt d4e HaA AAE Ak
CLo] 9328(Kim et al 1997)& Tozx Jehd @440
2 Alggth

>~

4}

P

oﬂ,_ﬂ,oﬂ‘,

odk

oA AEE 10TCAA 1283 SAATHA FHe =
AFEE ZAVE ATME Table 33 gt} 2749 ZAFS
e to] CLE>ZT>CAT & oItk 2t e 44
Zrol @l wet HAF Frtstd o &4 9dAle] F
g FERAD, CA20A 7HF wsith CATOlA] F7t
F7F 22 A& CAS| o8 Bz ALFHD(Jung ef af
2001), CLeA a7t 7H8 5 @42 CLY] S35 o
Folgk AR tHKim et al 1997).

Kim et al(1994b) 10Col|A 1043}
&le] Fa

R

SAAIZ 23014
= 9.96 log cfwmL, Z4Ht4E 7.23 log cfw/mL
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Table 2. Changes in pH and acidity of squid sikhae added with chitosan-ascorbate and calcium lactate
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Fermentation days

Measurements Samplesl)
' 0 3 6 9 12

Control 5.65:0.21* 5.52+0.23% 5.01+0.27® 4.4640.18°% 3.9840,12%
CAl 5.70::0.22 5.69+0.26* 5,540,238 4.99+0.20"* 4.49+0,18°8

pH CA2 , 5724021 5.71£0.25* 5.64+0.25" 5.1540.18" 4.63£0.17"
CL1 5.68+0.22* 5.5740.24* 5.2840.20™® 4.76+0.17>° 4.29+0.14°
CL2 5.69+0.23* 5.62+0.21% 5.42+0.19a™ 4.89+0.16" 4.380.15®
Control 0.4520.03% 0.760.04°* 1.9240.07 2.24+0.09* 2.4040.08*
CAl 0.39+0.03%8 0.60+0.02% 1.2840.05° 1.5940.06°° 1.800.05%

Acidity CA2 0.39+0.02® 0.55:£0.02% 1.10£0.04 1.430.05' 1.57£0.07"

(lactic acid %)
CL1 0.4240.02°*8 0.76+£0.05% 1.7240.06™ 2.05+0.07 2.190.06™
CL2 0.4240.03°A" 0.60+0.04% 1.180.06% 1.64+0.06% 2.02+0.07°¢

D Abbreviation : See Table 1.

* Values are meantstandard deviations of triplicate determinations, different superscripts within a row(a~d) and a column(A~D)
indicates significant difference at p<0.05.

Table 3. Changes in number of total microbe and lactic acid bacteria of squid sikhae added with chitosan-ascorbate and
calcium lactate during fermentation at 10T

Measurements

Fermentation days

Samplesl)

0 3 6 9 12
Control 5.15+0.14°4 6.24+0.16™ 7.53+0.24"° 7.81£0.25%8 77340258
CAl 5.36+0.13* 6.28+0.21° 6.62+0.21% 7.210.23%%¢ 7.30+0.24°°¢
(Tllcfcm/ i) CA2 5.18£0.13 5.34+0.13° 6.0920.15" 6.840.20° 7.160.23*
CL1 5.40£0.15°4 6.31:0.17* 7.33£0.23*® 7.62£0.24*% 7.69+0.24°
CL2 5.42+0.15% 6.49£0.19%* 7.99+0.25* 8.18+0.26** 8.20+0.26*
Control 4.60:£0.15 5.9540.16" 7.44+0.25*° 7.76:0.26* 7.64£0.26™
CAl 4.85:0.14® 6.00+0.15% 6.52+0.16° 7.1420.23C 7.20:0.22°
z‘:‘; ’ L) CA2 4.70£0.13%4° 5.0440,22°® 6.010,13" 6.79+0.20° 7.06£0.21%
CL1 4.90+0.14°® 6.01=0.14° 7.230.24*% 7.55£0,24*8 7.59+0.25
CL2 4.85+0.13 6.18:0.17"* 7.88+0.25a" 8.11:0.27°A 8.09+0.25*
Control 28.57 5233 81.22 87.98 81.27
CAl 3043 51.83 80.10 85.77 80.94
LA/TM(%) CA2 3333 50.00 8226 88.14 80.22
CL1 32.00 50.25 79.86 85.65 80.35
CL2 26.92 48.70 77.72 84.94 77.87
D Abbreviation : See Table 1.

? Values are meantstandard deviations of triplicate determinations, different superscripts within a row(a~d) and a column(A~C)
indicates significant difference at p<0.05.
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3. Protease 2! Amylase AT} ofn| el A stat

SAAFE 10Tl 1247 ©AJA 7] A protease
amylase®] ZJ 9} olu| e} Hio] S AR A=
Table 49} Zt}l Protease®] TAEE @EYo] CL2<CLI
< Z2T<CAI<CA2 o 2 Ado] & &4 2o 5 e}
Wlon, g4go] Hulz L‘rE’r‘/}t &44de =73 CLT
2 129, CATE 6dolr} &, o S4= g vlagh
A3 CAE | ZF7o H]3k] 2.3~2.68), CLT<| B3} 2.8~
36W 2 Fe B4E et

Robrlo} RAESEE

a3 amylase 385 9EUE 2 A2l 771 6.6~9.9
mg/ghr2 Wl gd dehilen 44957 AHg)
Wi} CA2>CAI>Y 2 TF>CL2>CLIE o 2 thdo] E4do] =
7¥ete S JERIS, $4 1299 845E CAE
2] 1.2~1.44), CL29| 1.5~1.9 #)9] =& 42 e}t

o) B9 544
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1.4~1.74), CLZ
At
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Table 4. Activities of protease and amylase, and amino-nitrogen content of squid sikhae added with chitosan-ascorbate

and calcium lactate during fermentation at 10T

Fermentation

Measurements days Control ca1? cA2? cL1® cL2?
0 11.71£0.38> 28.3140.87% 35.49+1.11° 8.56+0.19% 7.0120.160
3 13.93£0.45° 38.62+1.29" 42.28+1.29* 12.42+0.08% 10.03+0.21°¢
Protease ¢BC bA 24 dB eC
6 13.98+0.43 39.62+1.21 44.41£1.35 12.05+0.39 10.05+0.23
(Try ug/g/hr)
9 14.32+0.47® 34,031,048 39.58+1.22% 123140418 10.62+0.23°5
12 16.89+0.52°* 34.59+1.06% 38.64£1.17°8 14.32+0.45% 12.27+0.40%
0 6.8340.23°" 8.91£027" 9.89+0.28%F 6.61£0.18% 7.1310.24°F
3 12.5140.39° 16.580,52°° 19.02+0.61%° 9.27£0.297 10.38+0.30%
Amylase
(degradated 6 18.02+0.47° 22.4440.63 26.48+0.82°° 11.84+0.38° 14.9240.47°
starch mg/g/h) 9 2221051 28.17+0.86™ 32.34+1.01 14.93£0.433 18.7140.56%®
12 25.89+0,84°* 31.56+0.95% 35.37+1.08* 18.2240.52°4 21.3540.65%
0 2.62+0.09°F 3.29+0,08" 4.1840.16™ 2.61+0.09 2.3340.09%
. 3 3.3140.11° 4.3540.15%° 6.09+0.17°° 3.0420.09% 2.74+0.08°C
Amino- .
nitrogen 6 6.76+0.24° 9.76+0,29™ 12.08+0.35° 5.1240.18% 3.83+0,13%
(mefg) 9 8.31:£0,27°® 1179033 13.82:£0.45® 6.47:0.23% 4.17+0.15°®
12 9.47+0.32% 13.33+0.41% 15.94+£0.46°A 7.1540.24% 4.5240.17°4
19 Abbreviation : See Table 1.

% Values are meansstandard deviations of triplicate determinations, different superscripts within a row(a~d) and a column(A~E)

indicates significant difference at p<0.05.
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218} §Ax gl o] SDS-PAGE ZA#H= Fig. 13 Zth A
oA olfA EajEl Tz band= 11292 myosin heavy
chainMHC)2. 82 FA 5= 116.9~119.0 kDa¥} actin@} tro-
pomyosin® & ZA &+ 59.3 kDa & 96.5 kDa ¢l 2o £
ZAstA BEel= A thLee er al 2005). 12} ZF A E 2 10T
ol A 12U7F 5444121 2ol s MHCY}E 24w v 14
kDa o]3te] ©hfzlo] Al FA Yehte AEE B3t ® o
213t 7Aeke CLo| Blste] CAZ} @A 3lo] protease B o}
) Aael W Wsle vl2e AHS LRt
28] 4 Fof o]y Wl oA o] AAld EAsE
&, Rakto] BHlslE A, Q7lE 49 B 2
631 CA % CLe| Bl 18 kot Arele. 22 s
et al(1996)& 2A 0] Al &4 Fo AYAHQ ZAH &
w2l o] myosin heavy chain, actin 2 tropomyosine] ] myo-

sin light chain= 225 A} A EAegcta Basle] 2

116.0 —
66.2 — |

i

450 —
350

250~

18.4 -
144 -

Sp Raw Con  CAl CA2 CLl  CL2

Fig. 1. SDS-polyacrylamide gel electrophoresis of protein
extracted from squid sikhae fermented for 12 days at 10TC.
Abbreviations: sp; standard proteins, raw; raw squid.

5. RlsZAHA}

10Tl A 1297 492170 24 0] A3l SaFof thshod
HEHAAE P33+ A= Table 59 2k Aluke] e &
Y= Ulx=21>CLI>CL2>CAI>CA2E CA27} 71 o}
pHe} Ate] Ao} AX)819 on CATE Tt Z‘J—‘.%“]
AFT) ol &7 vle] CAwo] Bal7t € Ho &4
&7t wy 4lgto] Aeix] gal 22| bo] AW SHE
A8k Aoz Atd) SR 7|3k CA2F 7MY &
pig=

Q9% U ZE

oA Aee] Azl FA ] ulX]= chitosan-ascorbate
(CA) B calcium lactate(LA)2] ZH7K0.5% A7} CAl, CLI,
1% 47} CA2, CL2) &35 ZAITh pHE CA—_rLO] nﬂz
ol BlEle] gL W Atee We AYgs
CLTE CART F33iAe gov T4 332 UrEMM
t}. Protease] BA == H FA717HE B3l CA HrkEol
2Rl 23260, CL 72wl 2.8-3.6u71 =94ch

129712] CA A7122 amylase B EE thZTe 1.2~

148, CL79] 1.5~1.9417} =4ch ko] 718 &4 vehd
%4 129A9] opnlng] FAie] FHL CATO| x|
"3t 1.4~1.746), CL2o]| H|dte] 1.9~3.5812] =it} A7
Iz Aak A A A= 116.9~119.0 kDa¥} 59.3 kDa 2
96.5 kDa®] ©hjgo] F=atick 2u} 10TA 12U3F
2AAZ7) Ao E 116.9~119.0 kDa Trildo] AMEE
vk 14 kDa ©)3}e] gl do] A FA Yehte AEgE B
t}h I o] Ag2 CLo| H|etd CA7} AR OH,
protease B} ofv| el Aol 3 Wse} w3 7

Table 5. Sensory evaluation of squid sikhae added with chitosan-ascorbate and calcium lactate fermented at 10T for

12 days
Attributes” Control cA? ca2” CL1? cL2”
Sour taste 8.21+0.46 5.95+0.32° 15.32+0.28° 7.16+0.42° 6.39+0.31°
Fishy taste 3.41+0.28" 3.36:+0.23" 3.130.28° 3.424021° 3244022
Softness 8.13£1.01° 5.12+0.46° 3.5240.47° 7.68+0.57° 6.2740.76°
Overall acceptability 4,03+0.48° 6.24+0.57° 7.69+0.82° 4.91+0.38" 5.3540.65°

" Sensory scores were evaluated from none at all or dislike extremely(l point) to very strong or like extremely(9 points).

29 See Table 1.

® Values are meantstandard deviations of 50 panels, different superscripts within a row(a~d) indicates significant difference at p<0.05.
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