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Changes in the Quality of Korean Cabbage Kimchi added with Germinated
Brown Rice Extract Powder During Fermentation

Seung-mi Woo and Yong-Jin Jeong*

Department of Food Science and Technology, Keimyung University and Keimyung Foodex Co., Ltd

Abstract This study investigated the effect of adding germinated brown rice extract powder (GBREP; 0, 0.67, 3.35,
6.70%) during the fermentation of Korean cabbage kimchi. From the result, pH was decreased and total acidity was
increased. Total sugar was decreased steadily during the fermentation and reducing sugar were increased at 3 days of
fermentation but then decreased steadily. Counts of total microbe and Leuconostoc sp. were increased rapidly from the
beginning and reached the highest level at 12 days of fermentation, after then decreased slowly. Counts of Lactobacillus
sp. were increased until 12 days of fermentation, and then maintained stably. In sensory evaluation test, the overall
acceptability of Korean cabbage kimchi with 3.35% GBREP gained the highest score.
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Fig. 1. Changes in pH and total acidity of the homogenized
Korean cabbage kimchi filtrate during fermentation of Korean
cabbage kimchi having different concentrations of germinated
brown rice extract powder (GBREP) at 10°C for 21 days. 4:

control, M: GBREP 0.67%, A: GBREP 3.35%, X: GBREP
6.70%.
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Fig. 2. Changes in total sugar (top) and reducing sugar (bottom)
of the homogenized Korean cabbage kimchi filtrate during
fermentation of Korean cabbage kimchi having different
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Table 1. Changes in Hunter's color value of the homogenized Korean cabbage kimchi filtrate during fermentation of Korean cabbage
kimchi having different concentrations of germinated brown rice extract powder (GBREP) at 10°C for 21 days

GBREP Fermentation time (days)
Color
Cone. 0 3 6 9 12 15 18 21
Control 44.67+0.15 4500+£0.00 4420+0.10 4450+0.00 4343+£0.06 43.63+0.15 43.80+0.17 42.57+0.06
0.67% 4397+0.06 4450+0.00 4433+£023 44.03+0.12 4420+£0.00 43.63+0.12 43.63+025 42.80+0.00
L 3.35% 43.83+0.06 44.67+£0.12 4403+0.06 4450020 4433015 44.70+£0.10 43.47+£0.15 42.67+0.06
6.70% 4457+0.06 4433+0.15 4430+£0.00 4447+023 4423+0.06 4440+000 4420+0.00 43.77=0.06
Control 10.53+0.25 11.30+0.10 10.60+£0.10 1231£0.06 13.07+0.12 1437+021 12.37+£045 11.77£0.12
0.67% 9.60+0.10  9.63+0.15 10.77+0.21 1190020 14.00£0.00 1453+0.23 11.30+044 11.10+£0.17
a 3.35% 9.63+0.06 1070020 1037+0.06 12.03+0.15 13.97+0.15 1453+0.12 1130026 10.90+0.10
6.70% 9.97+0.64 1043+0.12 1047+0.06 11.07+040 1343+£0.12 1450+0.15 12.77+£021 1257+£0.06
Control 11.83+£021 1227+0.06 11.20+£0.17 11.67+0.06 10.83+£0.06 9.77+023 1033+0.15 947+0.06
b 0.67% 1047+0.06 11.17£0.06 11.33+021 11.10x0.17 11.97+0.06 10.03+021 1047+0.38  9.60+0.00
3.35% 10.03+£0.06 11.77+021 1063+0.06 1247047 11.77£025 11.30+£0.10 10.53+0.21 8.90+0.00
6.70% 11.53+£1.01 11.10£0.17 11.03+0.06 11.83+025 11.33+0.12 1090+£0.00 10.67=0.06 997=0.06
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Fig. 3. Changes in total microbe of the homogenized Korean
cabbage kimchi filtrate during fermentation of Korean cabbage
kimchi having different concentrations of germinated brown
rice extract powder (GBREP) at 10°C for 21 days. : control, H:
GBREP 0.67%, &: GBREP 3.35%, <: GBREP 6.70%.
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Fig. 4. Changes in Leuconostoc sp. of the homogenized Korean
cahbage kimchi filtrate during fermentation of Korean cabbage
kimchi having different concentrations of germinated brown
rice extract powder (GBREP) at 10°C for 21 days. 4: control, H:
GBREP 0.67%, &: GBREP 3.35%, X: GBREP 6.70%.
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Fig. 5. Changes in Lactobacillus sp. of the homogenized Korean
cabbage kimchi filtrate during fermentation of Korean cabbage
kimchi having different concentrations of germinated brown
rice extract powder (GBREP) at 10°C for 21 days. @ control, l:
GBREP 0.67%, & : GBREP 3.35%, X: GBREP 6.70%.
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Table 2. Quantitative description analysis (QDA) profiles of sensory evaluation scores on Korean cabbage kimchi having different
concentrations of germinated brown rice extract powder (GBREP) at 10°C for 21 days

Fermentation time (days)

Attributes GBREP Conc.
0 9 12 21

Control 6.00+0.76" 6.00+1.07* 5.63 £ 1.06° 6.00 £ 0.53*

Color 0.67% 575+ 1.16° 6.13 +1.13¢ 5.88 £ 0.83* 6.00 £ 0.53*
3.35% 6.13+£1.36° 6.00 +0.93* 6.75+0.89* 5.88 £0.64"

6.70% 6.75 +0.89° 5.88+0.99* 6.00 £ 1.20® 5.254 046"

Control 5.50+0.93° 5.88+£0.83" 4.88 +0.83¢ 438+ 0.74°

Gloss 0.67% 5.75+0.89° 6.00 + 1.20° 5.7540.89° 4.63+0.74°
3.35% 6.00+0.76" 6.63 +0.52%° 6.75+0.71* 6.50+0.76"

6.70% 6.88 + 0.64° 725+1.16" 6.88 + 0.64* 6.88 £0.35°

Control 3.00+0.76% 2.63+0.52° 2.00+0.53° 2.38 +£0.52°

Sweet flavor 0.67% 338+ 1.19° 2.88+0.35° 2.75+0.89* 2.50+0.76°
3.35% 338+£1.06° 3.00+0.53° 2.75+£0.89* 275£0.71°

6.70% 3.88 £0.83% 3.00 £0.53* 2.75+1.28 2.75+0.71°

Control 238+0.52* 6.25+0.89* 6.75+0.89* 6.88 £ 0.83*

Sour flavor 0.67% 2.00+ 0,53“ 6.00+0.53% 5.75+0.89° 6.50 £ 0.53°
3.35% 2.13+0.99° 5.88 +0.99* 5.50+1.20° 6.25+0.71*

6.70% 2.00+0.76* 5.000.76° 513+0.64° 5.2540.89°

Control 1.75£0.89* 2.00+£0.93" 3.63+1.30° 4.25+0.71°
Staled flavor 0.67% 1.38 £ 0.52° 2.00+0.93* 2.63+0.74* 4,00+ 0.53®
3.35% 1.63+£0.74* 1.75+£0.89" 2.63+0.74* 3.63 +0.52%

6.70% 1.63 +0.74° 2.13+1.36" 325+0.71° 3.50 £0.76°

Control 3.13£0.83° 2.75+0.71° 2.25+0.46° 2.00£0.53°

Sweet taste 0.67% 3.88 £ 0.83%® 2.88+0.35 2.88 +0.64° 2.25+£0.89°
3.35% 4.00 +£0.76° 2.88+0.83 325+ 1.04° 3.00£1.51%

6.70% 425+046° 3.88+£1.13° 3.50+1.20° 3.25£1.58

Control 2.13£0.64° 6.75+£0.71* 7.63+0.92° 7.63 £ 0.52¢
0.67% 225+0.71° 6.50 +0.76 6.25+0.89° 7.25 4+ 0.46®

Sour taste oA . . ] " b

3.35% 238+0.52 6.38 £1.06 6.00=1.07 6.88 £ 0.64

6.70% 2.38+0.52¢ 538+1.19° 6.00+0.76° 6.13 £ 0.64°

Control 238+1.19° 6.63 +0.92° 3.75 £ 0.46° 2.88 £0.35°
0.67% 3.50£0.76* 6.50+0.76" 413 +0.99%® 3.00 £ 0.76™
Fresh taste o - D a . } a ab

3.35% 338+0.52 6.63 + 1.06" 4.88 +0.99 3.75+£0.89

6.70% 2.38+0.74° 5.38£0.74 3.63+0.92° 425+1.04°

Control 6.75 £ 1.04° 6.00 £0.53° 5.88 +0.64° 4.75 £ 0.46°

. 0.67% 625+ 1.04° 5.88 +0.83° 5.50+0.76° 475+0.71°

Crispness n ‘ . .
3.35% 6.38 £ 1.06" 6.00£1.31* 550+ 1.07° 5.00 £0.76°

6.70% 6.50 £ 0.93° 5.88£1.25° 550« 1.200 525+£1.16

““Means with the same superscripls in each column are not significantly different (p < 0.03).

HA gddl foF xfolE Hol tizrh v e s GBREP 7}”01 %%Qvﬁ—im s Aes ek del e ot
B GBREP 7 igko} @&s v F4s vehigdth & (fresh taste)> ZIMFH O 2 GBREP 335% H7HE7F 28 A4E
E (staled ﬂavor)‘ vt gl met HErh 23 mohA] 295 GBREP 670% H7REE v ASE Ao @ 21
© AYeR I RYATRE AlBle] feolH Afelg Hol dHlE GBREP 6.70% H7HH7h 7 w8 {55 vERfsith.
A sdekout g 2190 Pl GBREP F7HEel B8 oprtobabeh M (crispness)t FE Aol A AlEd fFeolHd
22 A5E eI Dl (sweet taste)S T FERE WE ZpolE HolA ¢oft) WE5E 7] E(Table 3) 5 £ 9
12957k GBREP A7HEo] B85S 52 HPE Jehlde (appearance) HFA Sl &wl(overall flavor)e] 718 5E @ 2
HE 21 AR 22 ARl got AlETe] oAl Ao Fo)E= GBREP #7}ko] @efs =2 713:—*4—% LFERAS S
T HolA] 3drh Aluksour taste)> Ao e AR T A W fej ARl Aol Holx] itk 2L JgEMA Fo04
Fole Alg7ke] felzel zfels Ho|A] it wEst & o1& Hel 4E 129487k = GBREP 3.35% 7be7y 74

71y
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Table 3. Sensory evaluation scores on Korean cabbage kimchi having different concentrations of germinated brown rice extract powder
(GBREP) at 10°C for 21 days

Fermentation time (days)

Attributes GBREP Conc.
0 9 i2 21
Contro! 6.13 £0.99* 6.38 £ 1.06 538+ 1.19° 4.63+0.92°
Appearance 0.67% 6.25+0.71° 6.38 = 1.06 625+ 1.04% 4.75+0.89°
3.35% 6.63 +0.92° 6.75£0.89° 6.75+1.04" 6.13 = 0.99*
6.70% 7.00 £ 0.93% 6.50 +0.76 6.38+ 1.06® 6.50+1.07*
Control 550+ 1.07 6.63 £0.52° 5.38+(0.74° 4.50+0.93°
Overall favor 0.67% 5.63=1.19* 6.50 £ 0.53" 5.88 + 0.64® 4.63=0.92"
3.35% 5.63 + 1.06° 6.75+0.46" 6.38+0.52% 525+0.71%
6.70% 5.88 £0.83* 5.88 £ 0.83" 5.38+£0.52° 5.38 +£0.52¢
Control 4.88 +0.64° 6.50+0.76" 4.50£0.76° 3.75+0.71°
Overall taste 0.67% 5.75£0.89® 6.50 £ 1.07% 525+ 1.28% 3.88+0.64°
3.35% 6.13+=1.13" 7.38 £0.92¢ 5.75 % (0.89¢ 5.25+£0.89°
6.70% 475 +1.04° 5.75+1.04° 488+ (.83% 5.50+£0.93°
Control 6.63 = 0.99° 6.38 £0.52° 6.50 +0.76° 450+ 0.76"
Texture 0.67% 6.38 +0.99* 6.38 +0.74° 5.88 +0.83° 4.50+0.53°
3.35% 7.00+ 1.20° 6.50 £ 0.76" 6.00+0.76" 5.00£0.53°
6.70% 6.25+0.52° 6.38 +£0.92* 5.88 +0.83* 5.00+1.07¢
Control 5.13+0.92° 5.88 £ (.99 5.13+£0.83° 3.50 + 0.53°
Overall 0.67% 6.13 £ 1.06® 6.38 +0.92° 538+ 1.19 3.50£0.76"
acceptability 3.35% 6.50+0.76* 6.63 + 1.06° 6.38 = 0.52° 500+ 1.31%
6.70% 538+ 1.04° 5.13+0.83° 5.13+0.83° 525+£0.71°

“"Means with the same superscripts in each column are not significantly different (p < 0.03).
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