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Optimal Processing Conditions of Fermentation Temperature and Sea
Salt Concentration for Preparing Squid 7Todarodes paxificus Sikhae

Dae-Won Han, So-Ra Kim, 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 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. Among several squid Sikhae preparation processes, the optimal fermentation
temperature sun-dried sea salt concentration, and fermentation period for squid Sikhae of acceptable quality were
10°C, 4%, and 6 days, respectively. Amino-N and volatile basic nitrogen (VBN) contents of the acceptable quality
squid Sikhae were 162.51 mg/100 g and 15.25 mg/100 g, respectively.
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Table 1. Chemical properties of commercial Sikhae
Commercial products pH (mg;;1B(g\é) 9) AT;‘;/? (Bt(r)og)e n (SBS ) l\éoa/o()JI

Squid sikhae A 4.22+0.01° 34.15+0.91° 123.09+0.72° 0.35£0.02° 5.60+0.01°

Squid sikhae B 4.17+0.01° 45.01+0.23° 178.62+8.60° 0.35+0.00° 5.47+0.00°

Flounder sikhae C 4.52+0.00° 47.07+0.47° 256.83%6.19° 1.50+0.08' 6.87+0.00°
Flounder sikhae D 4.6420.00° 47.22+1.03° 248.96+4.31° 0.39+0.01° 6.73+0.01°
Flounder sikhae E 4.6520.15" 37.09+1.25° 358.28+9.17° 0.57+0.05° 6.07+0.00°

Alaska pollack sikhae F 4.6520.05" 64.17+1.46° 380.20+3.24' 0.20+0.01° 7.13£0.01°
Alaska pollack sikhae G 4.78+0.00° 43.28+3.64° 261.4643.29° 0.26+0.03° 7.00+0.00"

Table 2. Microbiological properties of commercial Sikhae (unit: CFU/g)

Commercial products Total viable cells Yeast mold E. coli Lactic acid bacteria
Squid sikhae A 4.00%10° 2.60x10 N.D N.D 3.01x10’
Squid sikhae B 8.21x10° 6.21x10 N.D N.D 1.95x10°

Flounder sikhae C 3.30x10° 1.72x10° N.D N.D 3.01x10’
Flounder sikhae D 5.35x10° 5.83x10° N.D N.D 6.05x10°
Flounder sikhae E 6.05x10’ 5.92x10° N.D N.D 4.30x10°
Alaska pollack sikhae F 9.51x10° 4.21x10° N.D N.D 8.45x10’
Alaska pollack sikhae G 6.85x10° 3.24x10° N.D N.D 1.83x10’

Table 3. Changes of pH of the squid Todarodes paxificus Sikhae during fermentation at 5°C, 10°C and 15°C for 15 days. (unit: pH)

Fermentation (days)

Temperature
0 3 6 9 12 15
5°C 6.21+0.01° 5.96+0.01° 5.98+0.01° 5.85+0.03° 5.76+0.01° 5.52+0.01°
10°C 6.10+£0.01° 5.85+0.03° 5.910.00° 4.94+0.00° 4.69+0.00° 4.50+0.00
15C 6.21+0.01° 5.85+0.01° 4.97+0.00° 4.51£0.01° 4.45+0.00° 4.34+0.01°

Values with different superscripts in the same row are significantly at P<0.05 by Duncan’s multiple range test.
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Table 4. Changes of pH of the different salinity squid Todarodes paxificus Sikhae during fermentation at 10°C for 10 days (unit: pH)

Fermentation (days)

Salinity
0 2 6 8 10
2% 6.04+0.02° 6.20£0.11° 5.80+0.03° 5.82+0.12° 4.84+0.00° 4.69+0.00°
3% 5.98+0.01° 6.15+0.00° 5.81+0.01° 5.91+0.02% 5.44+0.03° 4.54+0.01°
4% 5.94+0.01™ 6.08+0.01° 6.08+0.01° 5.99+0.01° 5.44+0.03" 5.06+0.02°
5% 5.89+0.02° 6.01+0.02° 6.12+0.02° 5.83+0.03° 5.49+0.01° 5.35+0.02°
6% 5.93+0.03* 6.03+0.03° 6.12+0.01° 5.93+0.02%° 5.76+0.02° 5.54+0.02°

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

Table 5. Changes of volatile basic nitrogen (VBN) of the squid Todarodes paxificus Sikhae during fermentation at 5°C, 10C and 15C for 15

days (unit: mg/100 g)

Fermentation (days)

Temperature
0 3 9 12 15
5C 4.20+0.62° 8.77+0.70° 18.56+0.69° 20.12+0.13° 27.31+0.38° 38.05+0.38°
10°C 3.50£0.65° 10.69+0.64° 32.01+5.14° 47.09+0.23° 67.00+0.74° 69.43+4.10°
15°C 5.20+0.67° 13.77+0.36° 65.26+1.23° 68.77+0.54° 74.78+1.35° 76.55+0.10°

Values with different superscripts in the same row are significantly at P<0.05 by Duncan’s multiple range test.
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Table 6. Changes of volatile basic nitrogen (VBN) of the different salinity squid Todarodes paxificus Sikhae during fermentation at 10°C
for 10 days (unit: mg/100 g)

Fermentation (days)

Salinity
0 2 4 6 8 10
2% 5.91+1.18° 6.8820.05™ 31.98+4.33° 51.28+0.68° 59.410.78° 73.98+0.96°
3% 5.05+0.62° 6.42+0.79™ 18.78+11.52° 20.75£0.22° 49.56+0.29° 69.20£0.41°
4% 5.47+0.55° 7.3321.20® 9.39+0.49° 12.25+0.21° 4512+1.17° 63.17+0.80°
5% 4.54+0.35° 5.67+0.30° 10.22+0.64° 11.1120.42° 15.56+0.29° 31.7120.16°
6% 4.39+0.34° 7.69+0.51° 9.12+0.11° 8.61+0.70° 14.16+0.22° 16.07+0.89°

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

Table 7. Changes of amino nitrogen of the squid Todarodes paxificus Sikhae during fermentation at 5°C, 10C and 15C for 15 days (unit:

mg/100 g)
Fermentation (days)
Temperature
0 3 6 9 12 15
5°C 110.01%1.00° 182.26+2.86° 192.82+3.12° 196.87+3.03° 204.23+3.54° 203.90+5.74°
10C 115.01+0.50° 176.37+0.85° 198.07+3.24° 246.37+3.90° 256.71+8.01° 274.44+1.71°
15°C 113.02+1.00° 190.49+2.22° 251.19+9.68° 307.75+1.27° 294.00+8.00° 332.93+9.73°

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

Table 8. Changes of amino nitrogen of the different salinity squid Todarodes paxificus Sikhae during fermentation at 10°C for 10 days (unit:

mg/100 g)
» Fermentation (days)
Salinity
0 2 4 6 8 10

2% 158.19+2.71° 156.73+4.05™ 173.82+4.39° 174.59+2.54° 186.35+4.48° 222.33+5.66"

3% 124.72+4.79° 148.82+3.24% 156.49+3.33° 162.26+0.89° 185.84+1.70° 226.76+4.38"

4% 130.94+9.32° 162.00+7.89° 167.18+4.87° 162.52+4.31° 193.48+1.79° 218.47+9.81°

5% 137.13+5.73° 139.41+2.36° 157.20+0.62° 147.42+1.21° 172.56+0.79° 193.47+4.14°

6% 130.39+6.81° 161.54+4.85° 168.15+5.50° 160.24+2.39° 179.43+2.39° 201.09+1.48"

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

VBNgta} vl g B sl Hoks i wle 4 0.5 opnle 4
& A7 BBt on 54 3-6UAF Aol7 Al 9
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ol k2 2o} A3 9 ofn|iea Ff2 o] utet A
2 frojH o Aol S Witk of 271 ds e AX 04
of Asfe] ofnle s FFE AHEE 5%, 6%= Aot A
£ %49 109317H4] 742} 193.47 mg/100 g 2 201.91 mg/100
gO& A5Hol 7P A 9lom 2%, 3% H 4% A|l2et ¢
222.33 mg/100 g, 226.76 mg/100 g & 218.12 mg/100 g &
A &bl o2 02 Apol7} Uit Tt 27]5/do] AR
6 Aol FSHARS Foto] A e 4%2] 2o 3] tto]
718 F9koH, ol ofnlle A a2 162,51 mg/100 g <

g = 2
off H» ¥0 > o

o]tk Kim et al., (1993) 240 Alzof w3t AtofAl
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0] A ATFe] P4 S wabHral shed)|, B A A7)}
FApeke Aol et

O

d
B2 ARl Apol= §lolth. @A o] Aao] S &
A 3AApe] A 15T AlROJA 2.20x 10" CFU/go.2 A
ATk 2940, $A2E 5T, 1002 AlgE 22 4.6 %
10°CFU/g @ 5.9 10° CFU/go2 15T o]l &A%t A of| B3}
o] GIokeh E3t, e 4o] A Tt &4 6UAe| 15T
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Table 9. Changes of total viable cells of the squid Todarodes paxificus Sikhae during fermentation at 5°C, 10°C and 15 for 15 days (unit:

CFU/g)
Fermentation (days)
Temperature
0 3 9 12 15
5C 2.12x10* 4.60x10° 6.60x10° 9.20x10° 1.18x10" 4.40x10"
10°C 2.13x10* 9.40x10° 1.33x10’ 5.40x10" 1.06x10° 6.30x10”
15°C 2.14x10* 2.24x10" 1.24x10° 1.63x10° 3.60x10° 3.80x10°

Table 10. Changes of total viable cells of the different salinity squid Todarodes paxificus Sikhae during fermentation at 10C for 10 days

(unit: CFU/g)

Fermentation (days)

Salinity

0 2 4 6 8 10
2% 4.40%x10° 1.51x10’ 3.12x10° 4.81x10° 3.32x10° 1.21x10°
3% 3.51x10° 1.20x10° 3.02x10° 1.52x10° 3.11x10° 4.51x10°
4% 1.40x10° 1.51x10° 1.71x10° 2.91x10° 8.22x10° 4.50%x10°
5% 1.60x10° 1.60x10° 4.42x10" 8.13x10’ 461x10° 4.50x10°
6% 1.21x10° 1.11x10 8.31x10° 1.42x10° 3.80x10° 3.62x10°

Table 11. Changes of total viable lactic acid bacteria of the squid Todarodes paxificus Sikhae during fermentation at 5C, 10°C and 15C for 15

days (unit: CFU/g)

Fermentation (days)

Temperature
0 3 6 9 12 15
5C 2.11x10° 2.60x10° 1.02x10° 8.80x10° 3.43x10’ 3.43x10’
10°C 2.12x10° 1.21x10° 2.28x10’ 2.13x10° 1.97x10° 3.00x10°
15°C 2.21x10° 7.33x10° 1.12x10° 1.39x10° 9.16x10° 9.12x10°
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Table 12. Changes of total viable lactic acid bacteria of the different salinity squid Todarodes paxificus Sikhae during fermentation at 10°C
for 10 days (unit: CFU/g)

Fermentation (days)

Salinity
0 2 4 6 8 10
2% 3.11x10° 1.70x10° 3.02x10° 6.10x10° 5.23x10° 1.53%x10°
3% 1.22x10° 3.22x10° 2.41x10° 5.12x10° 1.97x10° 1.77x10°
4% 9.01x10° 4.34x10° 2.74x107 4.28x10° 9.55x10° 4.38x10°
5% 4.12x10° 8.61x10° 3.97x10" 4.14x10’ 4.44x10° 3.22x10°
6% 4.48x10° 3.82x10° 5.51x10° 5.12x10" 2.12x10° 1.54x10°

Table 13. Results on the sensory evaluation of squid Todarodes paxificus Sikhae fermented at 10°C for 6 days

Salinity Flavor Taste Color Texture Overall acceptance
2% 1.0 £0.0° 22+0.8° 30+12° 3314 2309
3% 23+16% 22+11° 30+£1.2° 33+£1.4 2.7+05%
4% 32+22° 57+19° 3714 47+15 43+1.0°
5% 35+16° 45+15° 3714 45+1.1° 41+05°
6% 35+16° 41+16° 3714 37+15 3.8+0.3"

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