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Optimal Processing Conditions and Concentrations for
Red Pepper Powder and Crushed Garlic in the Manufacture of
Squid 7odarodes paxificus Sikhae

So-Ra Kim, Dae-Won Han, Mi-Jin Im' and Soon-Yeong Cho'*

Department of Food Science, Gangneung-Wonju National University, Gangneung 210-702, Korea
'East Coastal Marine Bioresources Research Center, Gangneung-Wonju National University, Gangneung 210-702, Korea

Squid Sikhae is a traditional salt-fermented food in Korea. We evaluated the standardization of optimal processing
conditions for desirable quality-controlled squid Sikhae using analyses of physiochemical properties, microbiologi-
cal species, and organoleptic tests. The optimal fermentation temperature, sun-dried sea salt concentration, and
fermentation period for manufacturing squid Sikhae products of the aceeptable quality were 10°C, 4%, and 6 days.
In addition, optimal concentrations of the additional ingredients of red pepper powder and crushed garlic for accept-

able quality squid Sikhae were both 6%.
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2 At ARERE t 2Rl Al @ o] Al &2 A] 24
O] ol FuH] 9 WHR-AF oA Z}2) S} )
A& @A o(Todarodes paxificus; QAMA], dieHel=h) = 75
Al SGAIol A Tl ARESFALAL, aaS WY A(Sh 3
, wU4AD), 3788 7= ARNEEY A, WlAh
R(LF7169, =WiAh), YA FA Q] A7 (=6,
WAD), rhE(AloR, =HiAh), A7 (EE, = WA, vl 36,
=UAD, FH(EE, =i, FEHEEULH, s TS 43
Al 24 5 shzutE| A 2+t S-Q)sko] ARE-5GITE.
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T & tin] 24407 9 B (AL 20%) 2 24 AXEF<t
FRAAEF 6%, =3 6%)st3. o]oA LA o1& Al AstaL, 2
A7 59t B4t 3 @ Aolo] YBhu] TR (4%, 5% 2
8%), THITH=(2%, 4% 2 6%), 287} 1%, monosodium glu-
tamate 2%, 54 8%, QI 50%5 Wil B et &
7)o ot 4 S5k Ald s =t AU RREE 27
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il

T o

i ¥ o

042 54 U pH

%4 5 240] 4319 F249] S gIstel A2 10 g°]
W 454 90 mLE £t R4fsle] 104402 B|4elsicl.
zyzrel sl ol 1 mLE ZHz+e] 3 M filmel HEskaL, g4kt
2 Di Plate count agar BCPHR| & o] Zgl5 t}2- 377
A 48 A7 53t v Fate] P4 colonyE AlE3te] AR g
colony forming units (CFU/g)& YER It pHEAS- A&
5 g& FolA 574 45 mLE 7hsl F22A1Z] F pH meter
(Mettler Toledo, SevenEasy pH, Switzerland)2 A 35}$ Tt

EYF7IEA(VBN) &

FUg 71 A 2(VBN)Q| T vhafdt ©4of 28| A}
43} Conway unitZ AFE-5l= micro diffusion method
(Pharmaceutical Society of Japan, 1980)2 &A%t} &, Al
& 2 goll 20% trichloroacetic acid-82 2 mLe} ZH<= 16 mL
£ =33 F homogenizer (T25digital, IKA, Korea)= T}f gt
t}2 0] = o 1}5}ke] Conway unitol] 3¢ 5 37T oA 80& &
Qb A]5}1a1 0.01 M HCIZ 24 3lo] 24313},

a2 A N 641

ofu] =24 S Formol 2% %(Choi et al,, 2007).0.2 2
ATt &, AR goll 54 L2wel 89 20 mLE 718},
oj7]0] 0.1 N NaOHE 7}5}o] pH 8.47} 2 w7} 243t o}
© 71 28] (mL) 02 Aktete] kg viehy ik,

TBAZtS| 2%

TBA%E-2(Tarladges et al., 1960)2] B o] wle} =451%
o} A& 20 g2 F|5}¢] 2 M phosphoric acid2] 20% trichloro-
acetic acid €9 50 mLE v stc}. obafol-& 100 mL A &
Whatman No.1o{ A = ofjgt ok} 5 mLE Al o] &
7131 0.005 M 2-thiobarbituric acid &4 5 mLE Y=t} A1E
TS = g Qo 2 S50 SRRt thy Yol Al A
O 2 15A17F AR}, WA oS- SpectrophotometerZ 530
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THs AR Alae] 97, o, A, 227tel & 28 1591
pancl& F45te] o} 50] s 3=t WA A2 7] 5o T3]
9% (RS Lhmeh, 170; o9 S, 980 2 H7hstod
Urehie.

ArrA ol thgk A Q1 f-9ld 372 Statistical Pack-
ages for Social Science(SPSS, Chicago, IL, USA)E |43}
o] Duncan’s multiple range test2 32|53 5% ©|U|(P<0.05)
&2 7} Gatgkel gt §-24] Afol& AT HolH = 2t
AsA0) gk BERAE e oo,

ALETEE 4%, 6% H 8% M7t @A o] AlE Al=3t
10T o)A 44 % pH W3S Fig. 10 YeR T} 57F29]
e geEfrt @4 o] Aelo] A F pHe 74 2719 B¢
6.10-6.11. 2.2 4 A& 7to] &-oZ ¢l 2po|7} LepLbA] 9kokar
=/ AUAHE 9] 75 4.85-49. 124 Alm7bof fro ARl 2
o7t UER7] AlAFslloH, <A 2L 1094k B 1L
Z7HE 8% H7F 2o Adfi7h4.56 0= 7P o8ttt

HsS 7H) 2%, 4% 2 6% H7FeE @ o] Ao 44
pHWSh= Fig. 13} 2t} vz oH2 2eiat 2.4 of Alsf %4
Z pHE $427] 6.10-6.120. 2 A A|27+0] 501491 2}o]7}
UFERLEA] 9R0EaL 54 4-6U Lol nhs 6% 71 9.7 o] Al 7}
5.6-4.9% thE Az vla §43] "ojHrh 54 2EUel
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Fig. 1. Changes of the pH of the squid Todarodes paxificus Sikhae during storage at 10°C for 10 days. (a); @, squid Sikhae added with red
pepper powder at 4% level; m, squid Sikhae added with red pepper powder at 6% level; A, squid Sikhae added with red pepper powder at
8% level. (b); @, squid Sikhae added with garlic at 2% level; m, squid Sikhae added with garlic at garlic 4% level; A, squid Sikhae added

with garlic at garlic 6% level.
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Fig. 2. Changes of the volatile basic nitrogen (VBN) of the squid Todarodes paxificus Sikhae during storage at 10C for 10 days. (a); @
, squid Sikhae added with red pepper powder at 4% level; m, squid Sikhae added with red pepper powder at 6% level; A, squid Sikhae
added with red pepper powder at 8% level. (b); 4, squid Sikhae added with garlic at 2% level; m, squid Sikhae added with garlic at garlic

4% level; A, squid Sikhae added with garlic at garlic 6% level.

102219] A% WE upsH 7} A 2ojl A pHY} 4.4-4.56 0.2 A
F7ke] 9017 0] 2}o]7} LFERLFA] GkQA|uF T171E 8%, A
7} @ A oAl allof| A pH7} 4.56 0.2 714 QBT

47|12t & FLEE7|ZEA(VBN) Hat
Ao X Az FUR AE7FEE(4%, 6% 2 8%)
10C oA 4403 VBNE=FO Wsh= Flg 29} 7t} B E 9 A

oAl 9] </ 2UR}ol] VBNEFF QlojA] Al&ztol f-214
O 7 Zpol7h ol ot 4UARE 1ZTEE 8% 7Kg Al® O
A VBNEFEFo] 20.41 mg/100 g© & 137H2 4% 9 6% H7}
3t 2 Aol Als) 17.48 mg/100 g, 16.58 mg/100 ol H]ale] =
2 S Uedlow s/ vkl 1094714 & 39.49
mg/100 g© & =7 Uepgth & 1372 4% 9 6% H7F 9
Aol X8| AlRE 6U27HA = ZH2F 20.22 mg/100 g, 18.20
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Fig. 3. Changes of the Amino-N of the squid Todarodes paxificus Sikhae during storage at 10°C for 10 days(a); 4, squid Sikhae added
with red pepper powder at 4% level; m, squid Sikhae added with red pepper powder at 6% level; A, squid Sikhae added with red pepper
powder at 8% level. (b); @, squid Sikhae added with garlic at 2% level; m, squid Sikhae added with garlic at garlic 4% level; A, squid
Sikhae added with garlic at garlic 6% level.
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Fig. 4. Changes of the TBA value of the squid Todarodes paxificus Sikhae during storage at 10C for 10 days. (a); 4, squid Sikhae added
with red pepper powder at 4% level; m, squid Sikhae added with red pepper powder at 6% level; A, squid Sikhae added with red pepper
powder at 8% level. (b); @, squid Sikhae added with garlic at 2% level; m, squid Sikhae added with garlic at garlic 4% level; A, squid
Sikhae added with garlic at garlic 6% level.

mg/100 g© 2§21 2l o] 5 Btk &4 1092k 17k Fo] #BkE Fig. 20 HehlSic). 2e Al % A 2927}
T 8% H7F 940 A0 A 39.49 mg/100 g0 2 TFE AIRE A& 8 4140] o] 2 Ho|7] ekgrom 24 4003HHE uhs

Blaf =& VBN S Uebllet] 2 o fe FA & 127 2%, 4% 2 6% 7t 21101*‘ 312 VBN E*i Y7} 18.67
Fof Yubd oz o] wriy By Hojx il 9l uiKimet  mg/100 g, 16.58 mg/100 g & 20.56 mg/100 g©. illﬂ NEE
al., 2002), o& o] f2 2gofAale] H4ds FAF A er = of EApol7} giglth &4 nhAukel 1084l A = nhs 6%3
g = of 2. 7} @A o} ] 8fof| A VBN%PEbo] 40.65 mg/lOO gO & 7P =

2|4 sfof nhz (2%, 4% 9 6%)= 7t 5o VBN k=), Lee et al.(1989) 5-& s 71eke gajat 711x]9] 4
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Fig. 5. Changes of the total viable cells of the squid Todarodes paxificus Sikhae during storage at 10C for 10 days. (a); 4, squid Sikhae
added with red pepper powder at 4% level; m, squid Sikhae added with red pepper powder at 6% level; A, squid Sikhae added with red
pepper powder at 8% level. (b); 4, squid Sikhae added with garlic at 2% level; m, squid Sikhae added with garlic at garlic 4% level; A,

squid Sikhae added with garlic at garlic 6% level.

AR uhsero] BesS AT} WA Z715te] uhs
179 44S EAgck sty ol & A7 Aot o

ofnle A4 FFE WAAEY| S NER o] FE B
Tk opujet gFujet 212 o] Q7] wiEel Fast F4 A3

2+ 4%, 6% 2 8% H7F &
AojAlsl|] ofu|ie A A g W3HE Fig. 39 YeRSIC &
J 64atol] Al 6% 2 8%2] ofn| i E A FhE2- ZH7F 172.60
mg/100 g, 172.77 mg/100 g §-214 21 z}o|7} 919)at, 1137}
2 4%H7} 9 A o148 = 170.91 mg/100 g ThE A] &0 B]3]
OF7F W2 =25 UL -84 0 & 2o 7F UERTh &4
upR|ak 109 2te]] 1271 4% 9 6% H7F 2 0 A]sf 2] ot
A4 FHeEFo] 230.40 mg/100 g, 224.92 mg/100 g & 3-9]
22l Zpol7} LrehhA] ¢Skl 7R 7} 8% .4 o 4] 3|
ol A] 249.26 mg/100 g© & t}2 A| 2 50| H|5f & ofu] =2
4 3k Bk o] AL VBNE Y Bl wd] & o 15718
o] =245 o] B A ES HojEr)

Lo Asfjof uhz 2%, 4% B 6% 7Fsto] opu A4 3
2] W3ts 243t A3 Fig, 337 2t} 44 492714 uhs
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s 2% W 4% H7F AROA 9231 Zfo|7F UrehtA] oF

S
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i
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TBA7}Fe] ¥3h= Fig. 42} 2t} HA|H 082 15=7FF 8% 3
7} A&l A TBAZF <43 104 A71A] 0312 =22 02 4%
4 6% A& 0.26, 0.299] H] 3l A Yebg o 594 <l 2fo]
7 e A] gobA fAlAtl o= 2 9 vA A = A
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Alafjol| Al 7H =A Uehgom, 54 1042714 & vk 4%
4 6% H7F e Aol Als oA 22 0.29, 0.302 k= 2% 7t
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9lol(Kim et al., 2011), FAISAS 742 7] W B o2 AtRE

QAo Ael Al Al A7 HE 4%, 6%, B 8% = 7Fsto]
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Fig. 6. Changes of total viable lactic acid bacteria of the squid Sikhae during storage at 10°C for 10 days. (a); #, squid Sikhae added with
red pepper powder at 4% level; m, squid Sikhae added with red pepper powder at 6% level; A, squid Sikhae added with red pepper pow-
der at 8% level. (b); @, squid Sikhae added with garlic at 2% level; m, squid Sikhae added with garlic at garlic 4% level; A, squid Sikhae

added with garlic at garlic 6% level.

Table 1. Sensory evaluation of squid Sikhae Todarodes paxificus fermented at 10°C for 6 days as affected by concentration of red pepper

powder
Red peppersti:li)r?::ntratlons of Flavor Taste Color Texture Overall acceptance
4% 46+0.8° 42+0.7° 3.8+04° 4.8+04° 4.4+04°
6% 5.0+0.6° 54+0.8° 52+0.7° 5.0+0.0° 52+0.2°
8% 52+1.0° 46+02° 55+0.8° 46+0.8° 50+04°

Values with different superscripts in the same row are significantly at P<0.05 by Duncan’s multiple range test.

Table 2. Sensory evaluation of squid Todarodes paxificus Sikhae fermented at 10°C for 6 days as affected by concentration of garlic

Garlic concentrations of Sikhae Flavor Taste Color Texture Overall acceptance
2% 50+1.1° 5.4+0.5% 52+0.1° 5.4+05° 53+0.2®
4% 46+05° 5.0+0.6° 53+0.7° 50+0.6° 50+0.2°
6% 5.61t0.5 6.0+0.6 5.8+0.4° 52+04° 57+0.3

Values with different superscripts in the same row are significantly at P<0.05 by Duncan’s multiple range test.

Fboll oA Q1 Afo|7F R A] F9ket. <54d 109 2}of| 215
7} 6% 2 8% H7IeE @ oA Ao Al STt 6.42 % 10°
CFU/g, 6.61 x 10° CFU/g 0. & 11275 4% 715t @ Qo] 4]
o] F4= 5.12x 10° CFU/gol| W]ate] & F5 vet
Wiek

s 2%, 4% 2 6%= H7lste] 9 ojalge] i Wt
= Fig. 591 urEM Atk 27] 434 5.12x10°CFU/g &

S UeERon, 54 64 T4t 10° oAk e & FA 3
S7FoF3d lff T S7PFAA S UERE AL <4 10Y

2ol ub= A7V 2%, 4% U 6% 4 22 8.91 x 10° CFU/g,
6.6 % 10°CFU/g, 7.61 x 10° CFU/g& el o A&7k &
=0 §-01 4 %1 2ol 7} LEhER] Tt
FAtHo| Hal

NE7FEES e Ao fakt o] Bk
Fig. 6& HWH & &= Ql=t| 1723w wet fikta=9

W3k 27](5.51-5.52) x 10° CFU/g ol A &4 10924(4.3-
9.4)x 10 CFU/go. & RE A|&7to] 9217l 2}o]7} Lye}
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