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Abstract

The purpose of this study is to investigate the effects of yeast addition as starter on kimchi fermentation. The
strains used as starter were Saccharomyces sp. YK-17 and Saccharomyces fermentati YK-19 isolated from
kimchi, grew under anaerobic condition and low temperature, which showed the acid and base resistances.
Chemical and microfloral changes, as well as the sensory properties of starter added kimchi during fer-
mentation were compared with the control fermented without starter. The acidity of kimchi juice was lower
and pH was higher in starter added kimchi than the control. Particularly addition of S. fermentati YK-19 pro-
longed the optimally fermented period (pH 4.0, acidity 0.6~0.8%) up to more than 63%. The content of lactic
acid, the major non-volatile organic acid in kimchi, was increased rapidly followed by S. sp. YK-17 and S. fer-
mentati YK-19 group. The microfloral changes were found a little different among the samples. Among the
microorganisms, Leuconostoc sp. and Lactobacillus sp. showed highest change, and Streptococcus sp. and
Pediococcus sp. showed ralatively low change. The growth of Lactobacillus sp. which was the main acidifing
microorganism was inhibited by starter addition, particularly by S. fermentati YK-19. The sensory charac-
teristics of acidic and moldy flavor were significantly reduced by the addition, while fresh flavor was in-

creased in starter added group.
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Fig. 1. Changes in pH and acidity during kimchi fer-
mentation at 10°C. (Acidity) ®—@: control group, B—M:
YK-17 group, A—a: YK-19 kimchi group, (pH) O—C:
control group, 0—{1: YK-17 group, A—A: YK-19 group.
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Fig. 2. Change of reducing sugar during kimchi fer-
mentation at 10°C. @—@: control group, B—M: YK-17
group, A—aA: YK-19 group.
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Table 1. Changes of non-volatile organic acids during kimchi fermentation at 10°C for 24 days (mg/100 g)

Sample” Day Lactic Oxalic Malonic Succinic Malic Citric Pyroglutamic

0 1.71 0.18 0.17 1.29 1.78 0.78 391
3 5.16 0.20 0.15 2.03 251 1.22 573
6 24.06 0.24 0.15 2.40 0.41 0.15 593
1 9 40.43 0.42 0.24 2.76 0.39 0.13 9.29
12 49.19 0.35 033 2.04 0.20 0.08 5.14
15 56.62 0.26 0.24 1.48 0.17 0.04 4.92
18 64.80 0.24 0.22 1.04 0.14 0.02 4.20
24 77.60 0.12 0.14 0.72 0.12 0.20 2.60
0 1.71 0.18 0.17 1.29 1.78 0.78 391
3 2.28 0.18 0.14 1.44 1.06 0.18 4.00
6 11.68 0.18 0.18 1.48 0.54 0.40 412
o 9 34.68 0.34 0.22 1.80 0.48 0.10 5.60
12 41.54 0.20 0.14 1.98 0.26 0.22 6.88
15 39.76 0.20 0.14 1.80 0.14 0.02 7.60
18 59.06 0.16 0.16 0.84 0.12 0.02 6.66
24 69.24 0.14 0.14 0.64 0.12 0.02 5.40
0 1.71 0.18 0.17 1.29 1.78 0.78 391
3 2.19 0.19 0.11 1.80 2.04 0.58 5.18
6 7.26 0.18 0.11 1.81 1.26 0.52 4.82
I 9 19.40 0.22 0.14 1.90 0.92 0.22 5.74
12 26.54 0.14 0.21 1.70 0.30 0.08 5.18
15 29.20 0.12 0.14 1.20 0.14 0.06 418
18 35.70 0.12 0.12 1.14 0.14 0.04 3.56
24 45.22 0.06 0.06 0.42 0.14 0.01 3.04
: control group, II: S. sp. YK-17 group, III: 8. fermentati YK-19 group.
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Aol ] w32 o] %] ol% §714to] 1A
sl & 9332 013 Zole}w A7HeT). Park SV
XA F lactic acide A% FASHA Fri=En
malic, citric, tataric, pyroglutamic % succinic acid -2
Hg7lell HuAE Bolvprt 1 o] F FAadrki 8t
o] B A3 Axte} g Fgfelgich

R 8 SO oleia u] LA 14k WstE
olgstel A HE AEF PHe] JT AFE
A estdeh. Ao B FA6 A3t 7R o
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£& 73 A= Table 29} 2}

Lactic acid/pyroglutamic acid (L/P)e] ®]-&< 543
249 Fob Ald SriEda HaTe] S sp. YK-173%
S. fermentati YK-19 7} FHcl w7 A 2 AL
2 vFe] B o starter 72 &) WEIE A =
ez Azt & 4 glow, xdl succinic acid/py-
roglutamic acid (S/P)8] v]&-& UA 7|7k FaoF 2k &
7} siebrb A F0 o] F = s B sy
ATkl ¥ Aol E RolX] ¢ghet. whebA L/P ¥
& R AEE vehll= ARE AN 5 e
1 olfs BE A AN FellA lactic acids}
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Table 2. Changes in ratio of lactic and succinic acid to pyroglutamic acid during kimchi fermentation at 10°C

Days
Sample" Ratio
0 3 6 9 12 15 18 24
I L/p? 0.44 0.90 4.06 4.35 9.57 11.51 15.43 29.85
S/P 0.33 0.35 0.40 0.30 0.40 0.30 0.25 0.24
I L/P 0.44 0.57 2.83 6.20 6.04 5.20 8.87 12.82
S/p 0.33 0.36 0.36 0.32 0.29 0.24 0.13 0.12
I L/p 0.44 0.42 1.51 3.40 5.12 6.99 10.03 14.88
S/P 0.33 0.35 0.38 0.33 0.33 0.29 0.32 0.21

"Refer to Table 1.
PL/P: Lactic acid/Pyroglutamic acid ratio.
S/P: Succinic acid/Pyroglutamic acid ratio.
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Fig. 3. Microfloral change of lactic acid bacteria and
yeast during control group fermentation at 10°C. @—@:
total viable cell count, @—M: Sweptococcus sp., A—A:
Leuconostoc sp., [11: Pediococcus sp., H—/A: Lac-
tobacillus sp., O—O: Yeast.

Fole ot AH o vt A p_ai o,
o)E $ Leuconostoc ¥ Lactobacillus &0) & ¥
£ viehligle)

HAE S44A & SAAFE o2 deal
Leuconostoc 4~ Z7|%€] 43 7)1 g =
Z17kR] ALl AR FeE FAscht QA 2]
o #i}3l= 717HpH 4.0 % 0.6~0.8%)oll= =} 2
7¥sted #H3 F4(1.1x 10° celymLyell =48 = WF
#7lell= ZHasld v}

Z2& A A 7] Ho2 43R Lactobacillus 4
< 2T A E 6d7bA] F43) 27H24x 107
cel/mL)3lctzt 97 AdAHal A A A4S dog
3, 2 o F oA A Frhsted Wk 239 Aol FHx
TF(1.3% 10° cell/mL)el] =238} 1 o] Fof Hxz} 7+
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Fig. 4. Microfloral change of lactic acid bacteria and
yeast during Saccharomyces sp. YK-17 group fer-
mentation at 10°C. @—@: total viable cell count, B—B
Streptococcus  sp., MA—A: Leuconostoc sp., [
Pediococcus sp., AN—/\: Lactobacillus sp., O—O: Yeast.
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Fig. 5. Microfloral change of lactic acid bacteria and
yeast during Saccharomyces fermentati YK-19 group fer-
mentation at 10°C. @—@®: total viable cell count, B—M:
Streptococcus  sp., A—aA: Leuconostoc sp., O—{1:
Pediococcus sp., N—/\: Lactobacillus sp., O—CO: Yeast.
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o] 43 7tastdvdl A2d5t S, fermentati YK-
19 M7}l vl&] S sp. YK-17 A712elA gleixe
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mentati YK-19 F7}29] 7% o2& AP vl8 &
Azl 23471 Bl FE& FR.0X10° cell
mL, ShEFe] 7% 1.0x10° cel/mL)YS f-3 3131}
Pediococcus-& 7t AP T4l ALl FARE e
Vehigl e Streptococcusdoll Flolel A& 713}
thr} A7)0 ZrAastg el Streptococcusér Bk
E‘] ubE 7} gro] A E Fof] shitstA Fhashe A
< veluliglch
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A8 A oS Ve RERTe BE
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o2 Z2=c) gzxFe AS$ wEzo|q 20%x10°
cel/mLo|Q Zlo] F7]ol| 0] 27]74A] A8 F7H1.0
X 10* celymL)&}AY ®& dA T 75 fAlscbr} 3
adr)el thA] AA3E] Z7H1.2x 10° cel/mL)3ted &
] A$ohe ok S JEbS L, starter 7}
79 A% gE) AssEE A 717 8 dE2TR
o} thh ¥& FFE Jelislen EZoleA F
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17: 1.6 10° celymL)ell 0] 27]7}A) = thZxTeoll w3
F7HEE7) wieA 280w 7] H5rld g
e 7125t A A FF fASE HAY
71l eHA] F7bele S et

s At
A FA2A 7MY 2% AL w5t 4
A, A2z, A B gE ged EXNS E“;’_}Zi—i 2]

v sk stelelar AR} of F =, YA, ")
E3] AA2S #F93vkn Pl o) A FAS
10°Coll A X SAAI7IHA B3 T4 wsts
3713t A 7= Table 3,49} 2r}.

W5 BA F A%, T, A, AEgiskat
oo Argsle WS, 2e]T AAMARE dsA
o) g2 5 10708 #5FA gabeh AAA<] 7%
=& 3R A $4717%0 w2t el 3akat JA
= A% g ubd Aol 7YY 12w ol &2 Bt
< F7kskadet.

7y AP T Wiz Aduing Ave] A 4
2719l 6dA7A = B8 AP T3t {oH A Aol
g Holx] iyl 4 9UA FEl= 2T 7P
=A Jebdz 4 99, 154, 23U Ao 53] S. fer-
mentati YK-19 A7} oA 278} f2jH e g (7t
7} P<0.05, P<0.001, P<0.05) gk o w] Algto]] glofA]
= A 6dA FE WA U7 o] F wj7hA] HET
3} 5 starter H7FEZk] F91A4 Q) Ao](P<0.01)E
ehfglen Alste] AHE = g 2F, S sp. YK-17 37}
F, S. fermentati YK-19 7172 $2.2 Hr= 9ot
olZ1& statter FF-E°] HAMS FEA SR ®hhge
2 o)l AY AR AR F Lactobacillus%-9)
FREE} 9] dEolet 42k,

T A4 starter I}l AR AT
Nx Z7o M9} ZFo] ALl vehta] ¢dgrent dxT
dAe $4 159 o|AZR = A =ARA vt
2 o) F <f7k vebtch FEUZE YA A stat-
er FFEo| Ag 59 Hdsks AAsy] dEel
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Table 3. Statistical analysis of odor and texture evaluation score of kimchi between samples

Odor Texture
Day Sample
Acidic Moldy Freshcabbage Freshsourness Fracturability = Tendemess

1 1.00 1.00 2.88 1.00° 3.00 1.00
0 I 1.00 1.00 2.88 1.25* 3.00 1.00
i1 1.00 1.00 2.50 1.63° 3.00 1.00

F value - - 4.20* 6.33* - -
3 I 1.13 1.00 2.63 1.00 3.00 1.00
I 1.63 1.00 2.50 1.63 3.00 1.00
I 1.38 1.00 2.25 1.88 3.00 1.00

F value 2.33 - 1.20 3.07 - -
I 225 1.00 1.00° 1.50 2.13 1.00
6 11 1.75 1.00 1.13° 1.50 225 1.00
I 1.25 1.13 1.75° 1.50 2.25 1.00

F value 2.62 1.00 6.58** - 1.00 -
I 2.88" 1.00 1.00 1.75 2.88 1.00
9 11 2.63" 1.00 1.00 2.00 3.00 1.00
1 2.00° 1.00 1.13 225 3.13 1.00

F value 5.57* - 1.00 2.33 1.00 -
I 3.00 1.00 1.00 2.00 213 1.38
12 II 2.38 1.00 1.00 1.63 2.50 1.13
11X 2.13 1.00 1.00 225 2.38 1.13
F value 3.37 - - 1.43 0.67 2.33
I 313 1.00 1.00 2.00 1.63 1.25
15 II 3.00° 1.00 1.00 1.75 1.75 1.13
1 2.00" 1.00 1.00 1.88 1.75 1.13
F value 10.87*** - - 0.17 1.00 1.00
I 325 1.25 1.00 2.00 1.63 1.13
18 )| 3.13 1.00 1.00 213 1.63 1.13
1 2.88 1.00 1.00 2.63 1.75 1.13

F value 2.88 2.33 - 1.28 1.00 -
I 3.25° 1.38 1.13 1.75 1.50 1.75
23 II 3.25° 1.00 1.13 1.88 1.50 1.63
I 2.63° 1.00 1.00 1.88 1.38 1.38
F value 3.72* 2.03 1.00 0.13 0.47 1.48

“*Means with the same letter are not significantly different (P<0.05).
*: Significant at P<0.05, **: Significant at P<0.01, ***: Significant at P<0.001.

starter 7}l A o] 37} 7314l A zte} Azbdct
AFEEE WAl 79 A wE |7k A fo0H
el ol Yot I Frlshs Aeldy vl
TR} starter A7pEolA] FA HriEIgled, AR
Wajell gleix e A wEZ|ZF Sk ulwF-Ro} start-
er 7oA B4 HorEla 53] 4 12974 e
184 Aol o] 27]71A] f-2]= <l 2}e](P<0.05, P<0.001)
g wglon, S fermentari YK-19 A7}F, S. sp. YK-
17 A7V, 279 22 Hrisddr). o] =37t
starter F7-5-2] WFFAA 5o A2 Yz}
xS 4 oo 5 AR "Hax F AL
ZAbg AL A Axr) AA=HA AlG Zha
3= ubHo| o]9} t|Eo] ARFAL Frlslddch 7t
AgE7hel o) S wlwatd ApgAbARtE S fer-

mentati YK-19 H7VE, S. sp. YK-17 H7}2, 272
o2 Hrislglon sz Axe starter H7lTEE
o} 2Tl A v & o2 Hrisgdch

ol Aatoll A A ule}l 7ho| starterE Hrigho 24
AN Z 7= ¢] Ate] 2A|Ax = AHE A4S
o o]& starter HrlTo] HEFRL A $4 7I7HE
oF Z4ke] AAdepe] gk H UdAs= AAE B
o)n] ¥t starter 59 ¥ W AT <
g Wk S £ 53] S RARE gelot 7]
2ol Fejgo2H Tk AR A5 UE|
AlzpaEal FARRE JA 9 shE = S Qoo skl
o 2 43 G} 35 5 S dA 2 A4ER st
ol-ge} AAAMQ 7357} starter H7lellA A =
A FrE QS-S o 5 Ul
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Table 4. Statistical analysis of taste and total acceptability evaluation score of kimchi between samples

Taste Total
Day Sample s
Acidic Moldy Freshcabbage Freshsourness acceptability

1 1.00 1.00 3.00 1.00 3.00°

0 i 1.00 1.00 3.00 1.00 3.13"
m 1.00 1.00 2.88 1.25 3.56°

F value - - 2.33 2.33 5.52*
I 1.00 1.00 3.00 1.25° 3.00
3 Il 1.00 1.00 3.00 1.25" 313
108 1.00 1.00 3.00 1.75 3.31
F value - - - 7.00** 1.14
1 2.00° 1.00 1.38 1.38 3.25
6 Il 1.25* 1.00 2.13 1.13 3.00
11 1.00° 1.00 2.50° 1.13 2.88
F value 3.96* - 6.78%* 1.00 2.88
I 2.88° 1.00 1.00 1.75 3.56
9 Il 238" 1.00 1.13 2.00 3.88
I 1.88" 1.00 1.13 2.13 4.13
F value 7.00%* - 1.00 1.00 2.28

1 3.13° 1.00 1.00 1.88° 3.56"

1 Il 2.50" 1.00 1.13 1.75° 3.88"
I 2.38" 1.00 1.13 2.50° 4.31°

F value 8.68+* - 0.47 3.81* 5.19*

1 3.50° 1.25 1.00 1.50" 3.06°

15 Il 2.88" 1.25 1.00 2.25° 325"
I 2.50° 1.00 1.13 2.50° 4.13

F value 6.24** 1.00 1.00 5.35* 7.68**

I 3.50° 1.38 1.00 1.88° 3.00°

18 Il 3.13* 1.00 1.00 2.50° 3.50"
11 2.75° 1.00 1.00 2.88" 413

F value 5.11* 2.03 - 6.24%* 8.37%*
I 3.38° 125 1.00 2.25 2.94
2 II 325 1.25 1.00 2.19 3.13
- I 2,63 1.25 1.00 2.19 3.19
F value 4.43* - - 0.04 0.65

® % WA f7)4ke) wWiste RS Al wlet lactic

Lactic acid®} acetic acidS €t4A U0 2 o] 837 4= Q)
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s37}akict.
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224 2o 7laert "N 2 AAE AR
& 4 ol
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