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Abstract

We investigated the use of mashed red pepper in the manufacture of kimchi using various freezing point depression
agents (glucose, pectin, ascorbic acid or NaCl). In sensory evaluation results, overall acceptance seemed to be highly
related to NaCl content. Kimchi was prepared using mashed red pepper with different levels of NaCl (3, 5, and
10% w/w), and quality characteristics were investigated during storage at 10°C. Salt concentrations of kimchi prepared
with addition of 3, 5, or 10% NaCl, and control kimchi, were 2.28, 2.47, 3.10 and 1.92%, respectively. pH values
varied significantly among treatments but acidity levels did not differ significantly except during the eady stages
of production. With increasing NaCl addition, the acidity of kimchi was lower than that of control samples during
later fermentation periods. At day 20, the reducing sugar level in control kimchi had decreased by 70% whereas
Na(l treatment caused decreases of 45 - 55% The vitamin C contents of kimchi prepared with addition of NaCl
(125.88 - 145.23 mg/100 g) were higher than that of control (37.22 mg/100 g). In sensory evaluation tests, appearance
and texture did not differ significantly with treatment or fermentation period. When taste and overall acceptance
were scored, kimchi prepared with the addition of 3% NaCl attained the highest marks throughout the entire fenmentation

period.
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Table 1. The mixing ratio of mashed red pepper for the preparation
kimchi

Materials (%)
Treatmens NaCl Glucose Pectin Asffi?ic Pg’eser
Control 0 0 0 ’ o
Al 3 0 0 y g
- \ s 1 05 905
- \ s | 05 935
B-1 5 0 ° y 5
o 5 ) | 05 88.5
. 5 s | 05 9L
cl 10 0 ° y N
o 0 ) | 05 83.5
o 0 s | 05 865

HL=97.75, a=-0.49, b=1.96)°.Z R H
&,4574](CR-200, Minolta Co.,Tokyo Japan)Z A}-&-3}e] =4
3 th Al 5= blender(KA-2600, Kaiser, Korea) = 43}
o] Hunter A AN L, a L b t& =439 29 AE e
o521 o] &3t AFEsHth

= (AL2 + Aa2 + AB2 )12

Vitamin C &zt

Vitamin C 32 2F239)0l o3k iz 74| o
3}l 2 mLoY| 5% metaphosphoric acid(HPO3) 89 20 mL-<
7}kl vortex mixer(VXR B, JANKO & KUNKEL, RJ,
Brasi) & &33F & 415 2] 7](Centrikon T-324, Kontron
Instruments, Milano, Italy)E ©]-8-3}] 8,000 rpmolA] 10%
b4 Eelste] 2L A5 AE 045 um filter2 o3
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Table 2. Sensory evaluation of kimchi with various conditions during fermentation at 10C

Treatments”
Control A-1 kimchi ~ A-2 kimchi ~ A-3 kimchi ~ B-1 kimchi ~B-2 kimchi ~ B-3 kimchi ~ C-1 kimchi ~ C-2 kimchi ~ C-3 kimchi
Redness 59£19” 7113 59+1.3 59421 6.911.5 6.1+1.7 49421 57420 6.4+1.7 6.3+1.8
Appearance 6.1£1.6 6.811.7 5.812.0 6.5t1.8 6.412.1 70114 54119 55119 5.8+2.1 5915
Off-flavor 3.0£2.3 1.6£1.8 25%1.7 2942.0 29421 29£15 3.0£1.9 25423 23£1.7 2.8%1.8
Flavor 59+19 6.612.4 6.1£2.2 54%19 6.5t15 70£1.7 6.0+14 6.61.6 6.0£1.9 58%1.6
Texture 6.6t13 6.612.3 7.1£15 6.0£13 6.62.0 69115 6.9+1.1 6.8+1.4 59418 59+16
Saltness 35187 49+1.6de  55t18cd  6.0t1.5c¢d 6.5+2.0c 69t1.2bc  64tlded  83%0.7ab 8.5+0.5a 8.5+0.5a
Sweetness 3.042.1 4019 3.01.7 3.6+2.0 4.612.7 33122 45t14 3.6+3.2 3.0+0.8 3310
Taste 3.9+1.6ab 5.5t2.3a 4.6%1.4ab 55%2.1a 45+28b  4.6t2.8ab  53*14ab 3.0+2.2b 2.9+1.8b 3.3+2.2ab
Overall acceptance  4.8+1.7abcd  6.0t1.9ab  54*l.6abed  6.3%2.1a  4.6+2.7abed 5.4%2.3abed  5.9%1.6abc 33£2.1d 38+1.7cd  3.6%2.1cd

K1mch1 made with various mashed red pepper conditions(Refer to Table 1).
Average+ standard deviation of mphcate determinations.
IMeans with different letters(a~d) in a row are significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 1. Changes of salinity of kimchi with various conditions during
fermentation at 10C.

"Control : Kimchi made without freezing point depressing agents. 3% NaCl: Kimchi
made with freezing point depressing agents(3% NaCl, 5% glucose, 1% pectin, 0.5%
ascorbic acid) added mashed red pepper. 5% NaCl: Kimchi made with freezing point
depressing agents(5% NaCl, 5% glucose, 1% pectin, 0.5% ascorbic acid) added mashed
red pepper. 10% NaCl: Kimchi made with freezing point depressing agents(10% NaCl,
5% glucose, 1% pectin, 0.5% ascorbic acid) added mashed red pepper.
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Fig. 2. Changes of pH and acidity of kimchi with various conditions

during fermentation at 10°C.

"Refer to Fig 1.
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Fig. 3. Changes of reducing sugar of kimchi with various conditions
during fermentation at 10°C.
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Fig. 4. Changes of vitamin C of kimchi with various conditions
during fermentation at 10°C.

"Refer to Fig 1.
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Table 3. Changes of organic acid of kimchi with various conditions during fermentation at 10°C

I Fermentation time (day)
O?%nﬁgfgld Treamend” 0 4 8 1 16 2
Control 524+1.11%° 478 +045aB" 2.27+047bA 0.00+0.00c 0.00+0.00¢ 0.000.00c
o 3% NaCl 6.69+0.09 6.660.092A 0.00+0.00bB 0.000.00b 0.00+0.00b 0.000.00b
Malic acid 5% NaCl 6.53£0.16a 6.60£0.51aA 0.00£0.00bB 0.000.00b 0.00£0.00b 0.000.00b
10% NaCl 6.310.95a 6.27£0.60aA 0.000.00bB 0.00£0.00b 0.000.00b 0.00£0.00b
Control 20.07+4.32 18.8442.91aA 6.010.22B 3.3540.62bB 2.45+0.01bB 2.76+0.03bA
Succnic acid 3% NaCl 22424383 16.78+2.10bAB 5.670.33cB 3.98+0.66cdB 1.74+0.13dC 2.13+0.16dB
5% NaCl 213543.13 13.20+0.78bB 6.09+0.34cB 3.7140.35¢dB 3.74£0.18cdA 2.16+0.17dB
10% NaCl 24.14+191a 14.89+0.51bB 7.20+0.25cA 5.68+0.09dA 3.8440.15¢A 2.25+0.22fB
Control 0.00+0.00e 336+0.52dA 16.72+0.39cA 18.750.40bcA 21.72291aA 20.05+0.78abA
o 3% NaCl 0.00£0.00c 1.86£0.79B 14.56:0.75bB 1829£1.77aA 17.96£0.78aB 16.79£1.66aB
Lactic acid 5% NaCl 0.00£0.00¢c 1.90+0.10cB 12.81£0.79bC 15.62£1.89aB 15.58+0.89aB 16.672.20aB
10% NaCl 0.00£0.00e 1.58+0.05dB 10.62£0.43cD 14.40£0.126B 16.9310.17aB 1331£1.580C
Control 1421£1.27cA 18.04£1.84bA 21.890.50aA 19.7320.84bAB 19.01£0.11bB 19.01£0.67b
At acid 3% NaCl 1345:0.16dAB  16.25:046cAB 19.07+0.89B 2090:0.46aA 17.7540.53¢cC 17.081.56bc
5% NaCl 1321+027bAB 13.67+0.96bC 17.55+0.96aC 17.83+2.15aB 18.28+0.23aBC 16.73£1.99a
10% NaCl 11.72+181cB 15.17+1.28bBC 16.84+0.41bC 19.62+0.242AB 20.60+0.87aA 16.98+2.00b

"Refer to Fig 1.

e}

)
;Averageir standard deviation of triplicate determinations.

& @

)

Means with different letters(a~d) in a row are significantly different at p<0.05 by Duncan’s multiple range test.
Means with different letters(A~D) in a column are significantly different at p<0.05 by Duncan’s multiple range test.



866 S A F A AR-553]2] Al16H A63Z (2009)

NaCl 10% A&7 729 1.43v] Z7}sle] NaCl ko) NE
ES5E S0 YA Yelgon v g a3} g ey
A e Aoz e A

Table 5. Sensory evaluation of kimchi with various conditions during fermentation at 10T

Fermetation Time(day)

Treament” 0 4 3 12 16 20
Control 5.6%2.5 4.6%1.2 4.7£15 53+2.1AB 42£19 4214
3% NaCl 6.4+0.92 5.8+1.0ab 5.1£1.7ab 6.1+1.4abA 5.1£1.8ab 4.4+1.5b
Rediess 5% NaCl 50£1.6 4514 55t14 40+1.9B 4.9£12 49+1.1
10% NaCl 44+1.6 48+1.8 48+2.1 5.0+1.2AB 3.8+2.0 3.8+1.5
Control 5.6%2.5 4.7£15 4.6%19 56119 47114 4.6t14
Appearance 3% NaCl 6.1£13 5312 5.7£15 6.61.5 5619 5.0£2.1
5% NaCl 52£1.8 49+1.8 5.6£1.7 52422 5813 54413
10% NaCl 54422 49+1.7 4821 5.3%18 43£14 46£2.2
Control 1717 2.8+1.6 24420 32427 3.942.0B 38422
3% NaCl 1.611.2b 3.62.2ab 2.742.4ab 3.1%1.6ab 47+2.1aA 3.8+2.0a
Offflavor 5% NaCl 1.6£1.2¢ 2.9+1.6abc 2.612.2bc 3.4+1.2ab 4.4+22aA 3.241.9abc
10% NaCl 2.0+19¢ 23%1.4c 2.742.2bc 3.6+2.3bc 5.7+1.5aA 4.7+2.6ab
Control 6.6x1.1a 6.1+0.8a 6.0+1.9ab 6.8+1.5a 5.4+1.2ab 4.6£1.9b
Flavor 3% NaCl 6.6£1.7a 5.61.1ab 6.6<1.6a 6.8t1.2a 54%1.7ab 4.9£2.0b
5% NaCl 6.02.0 59413 49424 5.7+09 5.61.7 42419
10% NaCl 59+1.5a 5.6%1.7a 5.3%1.52 5.8+1.0a 3.6t1.3b 4.942.4ab
Control 6.02.3 54411 5.8%1.8 6.6t1.3A 59+1.8 6.3%1.1
Texture 3% NaCl 6.7£1.6 5.81.0 6.2+1.7 6.3+1.7AB 6.01.4 6.240.8
5% NaCl 6.6+1.2 6.310.9 5.3+1.3 6.0£1.1AB 5.8t14 5.4%1.6
10% NaCl 6.2+1.8 6.2£1.7 54£13 5.1£1.2B 5.6£1.2 54110
Control 4.610.9bB 4.611.70B 6.0+1.2a 6.0+1.0a 5.6+1.7ab 54+1.1ab
3% NaCl 5.7+1.3AB 5742.1B 6.1£1.1 6.4+14 5.8+13 5.840.8
Saltness 5% NaCl 6.6t1.2A 6.0+1.7AB 56109 6.2+12 6.910.9 5.8+14
10% NaCl 6.911.4A T4£11A 6.61.6 7.0£1.7 6.6t1.5 6.31.8
Control 5.0£22 4717 34414 4.8+17 42+19 4.6%1.7
Sweetness 3% NaCl 5.7%1.5a 4.6%1.5ab 3.941.3ab 4.842.0ab 3.611.9b 54%22a
5% NaCl 6.1£13a 5.0+1.6ab 3.341.5b 4.811.1ab 37419 4.72.2ab
10% NaCl 54409 4.8+1.4ab 2.9+1.8b 3.741.Tbe 2.8%1.6c 3.842.2bc
Control 47420 5.3£1.8 53+1.3AB 5.8£1.0A 49£12A 51209
Tase 3% NaCl 6.11.6 59+15 5.840.8A 6.0+1.1A 53%12A 62+12
5% NaCl 52416 5.1£15 4.8+1.5AB 5.7+1.0A 4.7+14A 5.3£17
10% NaCl 50%1.7a 4.342.2ab 4.4+1.0abB 4.2+1.4abB 3.0+1.4bB 4.612.3ab
Control 4.9+1.9abB 5.611.5ab 5.2+1.2abAB 6.111.3aA 4.7+0.9bBC 4.8+1.0abAB
3% NaCl 7.0£1.5aA 5.7£1.6b 5.940.8abA 6.611.2abA 6.011.0abA 5.8%1.1abA
Overall acceptance
5% NaCl 6.31.6aAB 5.741.0ab 4.8£1.2bB 5.4+1.3abAB 4.911.5abAB 4.9+1.6abAB
10% NaCl 5.0114B 48113 44+1.0B 4.611.3B 3.611.3C 3.6t1.7B

"Refer to Fig 1.

Averaget standard deviation of triplicate determinations.
Means with different letters(a~c) in a row are significantly different at p<0.05 by Duncan’s multiple range test.
Means with different letters(A~B) in a column are significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 5. Changes of lactic acid bacteria cell count of kimchi with
conditions during fermentation at 10C.
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