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Influence of Vibration on Freezing and Fermentation of Watery Kimchi
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Abstract

Vibration at frequency of 20 Hz and 0.18 g of acceleration was applied to 600 g watery kimchi contained
in a glass jar of 1 L at subfreezing temperature (-3 and —6°C) and 10°C in order to see its effect on freezing
and fermentation behaviors, respectively. The vibration at the subfreezing temperature delayed the freezing
process and contributed to maintaining small ice crystal slurry in subsequent frozen storage. The vibration
at 10°C accelerated the acid and carbon dioxide production from the watery kimchi, which may be beneficial
in shortening ripening time and attaining fresh cool taste.

Key words: watery kimchi, vibration, ice crystal, subfreezing, COz production

AN B e 7152 AFsr| = g o3 d A SR A7)

HE A5 AEE Bx9 23 i H8A47)= A

BES F2 AR EAXEE TA7, A543, it ot} A E- AAZ A e} A ALL- A fA]el

Az Fol glow, Az vl T, g, 15, A%, s AL v A 4 glon, HEE5F MANHE A ok o]
58 &FE Hold HEAAN2). B AF 4% 45 £ 9l& Aeg Halrh

Z23t7] Asle] 3371 AEA A8 F 47 Avbsrs AFE gzt A8 AAY A S2E wEA Sk

o), EAAFNME 9% 1~2%9A  Lactobacillus, Ao HaET glod(Gh), ol 255 A5 ¢

Leuconostoc, Streptococcus 52] f-Abgell 2§k Hhae] ¢ ZV5=ol| A cavitation®] WE Al ulE s)zbo o
sto] ool AAHE PAtF} o)Ak A(CO7} AR A Ao Au=E QleH7g). w3t 259 A5 54 I
o] Az}t o] HE5J ot} FuE FHEA). B2 S 25 ward st ZFE HEIeH9). ole g 259 AF
2 F FellA BAvIE F2 AL g, dF3A = o5l o ogt AL Ee] A2 A A2A Y textureol E FAH A
wolgton), Falole AE i A% Awiet A Ql gL FE AR HusHm 9ek10). AR A5
BFeg Add fAgle] Az z glen, 1 JHl= o EA4e g E3he 289 A%ES YR FE A7HA
SR 2 oheFalR| A gle) B3] A X WAL vFges T, ARG en WA B3] Bl o4 rt5T
3 2

Aste] AT 4vlE 2 EF} Aol GFew FxaAd AT ddel dste] AFHAE Zat
Hick AAWRTA EEH7) 5] Arkse) A Ao 7Rk e AA EAFANA AFe] 71T 5 Qe
o) A& sk Aol Aulskz A7 A ek ® ohE @ wo] BE Hmuh whaE AE] A G
oI S AANE 716 oldel AT 4 QAW F 4 ek 2R AL WAl aje] 7ol

oA NENTI S DA BT $ Qe /FsAS AT vl Aae A AET 5 oA FoaH, ofx
st gleh BRAAAE BRHeEe Aoje] dajel $4F AL PR SEU AT FASES 20 9k
B5A FAS 07) ko] Aol d A 4nld & 2R A Yok, AR o) @ AFo ikl &

o%

TConesponding author. E-mail: dongsun@kyungnam.ac.kr
Phone: 82-55-249-2687, Fax: 82-55-249-2995



Age] B AL HE

Ao} 722 o] AAPTEAFA 449 ALk
AR o7 Z55E TFT ATl HFY L wixE
ko] e A9 A7 vlr} 9le0, Tverdokhlebs}
Kim(12)e] wo] el 253 A 5& Fapshd Ha &
=r7h wExE A2 g vyl vk el olek HA
B A= 9A| 3 Nakamura 5(13)> 215-2] F-3tef] &3t
of EutEe] 3F5F SAo] HA%vky Ryl AF
A e ZHFL Al dRel vl Gl HajAs A7t
o] Fo1zl npr} A9 @it

opebd £ Al AEs B3 A /M o, 9AA
ojstell Ao BAT A oMo WA dohrte A& A
Aoz FFsto]l RashE vio|rh

o

Mz L

i

)II

(F)FA AFTAAA B Az=e] 457 AL v
A S 10 kg DR AR 53] AbS-skqlnh
A XA (model TM-301, Takemura Electric Work Ltd.,
Tokyo, Japan)el] 9Jsle] & d dFo] AXE= 1.5~1.7%0]
Ak 1 L] f-2l-47]¢ 600 g9 VPabg AE wela] 7HA
< A A dEsidel. 24 232 A5 vE
AdA3A 3l7] Y3te] mEHBAF v E 13eE YA
A8kt

HZAAo|5te] 2T oAM FZo| H2

W3 Well 253 A& AEste] 714
5 M =S sk EXAE A
-3°CellA] F3}44= 20 Hz, 1.8 m/s™9] 7F4= 4520,
M= ) A5-E T AT AAAA AT
BTl A7} A3 7| Sl Wel(Table 1) 31X
+ 34 A=E FGrlstadrh AFAE Tl s E317
& L)y 48 A g ANH18X 18 cm)S A EAx
AAA D3t A5 T} AFPEE FEE Aol
gt AF ARE A&7 (model PET-0A, IMV,
Osaka, Japan)oll A A== &4 Fal4o AR E
423 7}x17](Shaker model PET-01, IMV)E £3}o] 2|8

S g to
L2 ol e e Lo

Table 1. Scale describing the visual status of ice formation
in watery kimchi

Scale Status of physical appearance

1 Ice nuclei started to be formed on the surface of watery
kimchi brine contacting the jar

2 Slight ice plane is partially formed on the surface of
watery kimchi brine contacting the jar

Shallow ice plane covers the top of watery kimchi brine

Thick ice structure surrounds the small portion of
unfrozen watery kimchi

5 Completely frozen
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Fig. 1. Effect of vibration on ice formation of watery kimchi

at -3°C.
®, with vibration; W, without vibration.
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Fig. 2. Comparison of the cooling and freezing curves of
watery kimchi with or without vibration at -6°C.

Thick lines indicate center temperature for control jars without
vibration while thin lines indicate those for watery kimchi jars
with vibration.
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Fig. 3. Effect of vibration on head space CO: pressure and
acidity during fermentation of watery kimchi at 10°C.

®, CO; partial pressure with vibration; B, CO2 partial pressure
without vibration; O, acidity with vibration; O, acidity without
vibration.
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