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The Effect of Temperature and Time on Physicochemical, Microbiological Properties and
Sensory Analysis of Dongchimi during Fermentation and Storage
Mi Sook Cho, Yeseul Na*

Department of Nutritional Science & Food Management, Ewha Womans University

Abstract

This study examined the optimal temperature and time conditions to maintain high quality Dongchimi during the
fermentation and storage period. Dongchimi was fermented at low (5°C), medium (10 and 15°C), and high (20°C)
temperatures until the acidity reached 0.2, 0.3, and 0.4%. respectively. From the consumer’s preference test enrolling five
consumers, Dongchimi fermented at 15°C until an acidity of 0.3% (for approximately six days) was evaluated to be the
optimal status because of its high score of overall acceptance, taste, and odor of consumers. To determine the optimal
storage temperature of fermentation, Dongchimi was stored at three different temperatures (-1, 2, 5°C) for four weeks after
fermenting at 15°C for six days. During the storage period, most of the physicochemical properties (pH, acidity, reducing
sugar content, and organic acid) and microbiological properties changed significantly in the 2 and 5°C groups, resulting in
a significant change in descriptive sensory analysis of Dongchimi. These results indicate that fermentation at 15°C and
storage at —1°C for Dongchimi enables it to maintain the best quality for a long time.
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et al. 2006, Hwang et al. 2012). ZA-#3 7|8} §7]4HS
thek a3k A1Zo|n | vEllZ /A S TFNET B4
o Ao|derel ZFAo T FHolo] AT oA Hj-e =
Q3 207 o] AXTKSong & Kim 1991). SX|0]Fe= L
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FaF, vk, A, W 5] vad ) AsE das
AAZ 7 579 oprtojatdl 227 et ol <4 &
o Sl AFE F71ak @rker S0 2utat
# e 25 zh= 540] AtkJo & Hwang 1997). T3k d
S A7 st WA 3 AET B Ad SANE FEA
2Fol FE olFe AT AAE Aol Aolidfat HEt
Rleo] o] He 9 I FFow de] 889 Jloew

AR EV, AXF] 2ol AR A8 S A, 2
Agk o] o FEAEE ST %
Hoj FFo] Agehr] & Aolnt. H AAo] Fst
ZraestE 3 e Ao AR o7t Zhaghel whet A9
2H7} Zhasdhe Al o] Aok sl e AAaRFe
T8 AW Hdste] I X 48 P itk A4
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A oo AALs FTHE A8l XAl Al 7&
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n] AXel thgk #Alo] wolA| AL Aokl & < Ut
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2003; Choi et al 2004; Son et al 2005; Kim 2006), ©]3}
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E B F A2dA oA 717 HErzl & W EA
AMFPATFoA FXm]e] WL EE 4°CIHAMFE 35°C, A%
25E —1°CoA 4°CE veRd vl 2loj(Kang 1991; Seo
2005; Noh et al. 2008) ©]& HIRFOE & AFox= A
(5°C), Z2(10, 15°C), ALL(20°C)e] &% Z7lA LA 7)7¢
g A7 & FA dg Aol 223 FX|u|E -1, 2, 5°C
o] Ml L] Ao 457 AFYS v vYERbe olslEt
A, uAESA 9 A5d T 54 BEsl] o] A9E

ol FAve] HA wE % A 248 sl sisit.

1. A2
B AQelNE A% Wl BARE AR A,
ATl JYUAT FAIS 3 4R 27 Ag AT &

5 o] s 24 AR /\Fg—o A ;
IE 12k BRI E4E0] 2t £ A9 A
A2 grande style 08, SAMSUNG ZS517SQMA1V)o] 125
glow WAae] S Al o8] AAREe R Z4H,

EXAM] 30 g& ST 270 mLo} Al

o 2 9, T Ao AZE AFsie] Al oAFls

pH meter (Orion star A222, Thermo Scientfic, Singapore)

2 A2olA St o] W #AE 0.1 N-NaOHZ
Aste] pH7E 8.230] =& AH7FA] &H[E 0.1 N-NaOH®]
Fe 73 F oS o7 Aksle] 4k=(lactic acid %)E
AlAFsFRA T (Miller 1959).

A2 (%, as lactic acid)
_0.009 x mL of 0.1 N —NaOH x F x dilution factor
sample (g)

x100

3.9x =X

FAN] Fol HBE 129 W2 Aol) FA} A 7,

Ao AZZE AL AAE ARSI oM, A=A (SK-10S,
Tokyo Japan)2 3H =Aslo] I HFS ARSI

M
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4. AP EY

DNS (Dinitrosalicylic acidyiol 2]3te] S-A9-S s
THAOAC 1995). @7tel 1 mLe] DNS A% 3mLE $3
vortex mixer® stirringdtd 100°Ce] #= &l 587 712
3FHA 40% Rochell salt 1 mLE 713 5, 32 FEE9
A eF 307 2131 Y= 44 =AI(UV spectrophotometer,
T60U, PG, London, UK)*IAl 4 550 nmoll Al S8 =E
ZHsl] xrFo g AT U HPE O 2 D-glucose
£ AMgate] EEAS e the AR ST sEE
ArFstet.

AL =
5. 274 U MR 24

Aujo] Hikt 4 AL AFE 10y T FHE A
2F3to] filter bagoll B, B 0.85% AE494 90 mLE
H7tste]  287F  stomacher (WS-400, shanghai  Zhsun
Equipment Co., Ltd., China)= 23} A]71 - A0l Al-g-3}
Ak Al Fete], A A | Ads Hitd A
TE olgsto] SAE st 747 B4 | mLE
7Az2ZE9)#] (Aerobic Count Plate, 3M)2} 22kt H-2]8 ul
Z|(MRS agar, Difco)*l|l pouring culture method= %3t Tk
+ 37°C incubatorol| X} 48-7217F wigste] ke E22US
log colony forming unit (CFU/mL)S. 2 LERNIITE.

offl Oy

6. 71N =H
FX|n|e] Fo} FES 1:29] &R FHlo] #E3} A7)
H, ¥ Ao AZRZ 3 A RS ARSSIITE AR E S|4

{0

3} membrane filters (MFS, pore size 0.45um) & &4
Y3 om, HPLCY] %71 <Table 1>3 2t} & &
AR = ¥ citric acid, malic acid, fumaric acid, lactic
acid, acetic acidE AME-8191.0™ 7} A]52] chromatogram]
peakoll YERD retention timeS Vw3t peak WA S Z A
FS A=Esislnh

tlo

7. AH|XFHAL
AEY A ol 8sll BFE A2 A 200] o4 55
S e g 20139 1€ 2HA AARE AAsle] A8
1“&@ 7135, &, Bt Az, A, Alsh, 2EW, ezt

el el RS ek

<Table 1> Conditions of HPLC conditions

condition

System HPAEC-ECD system, Dionex, USA
0.4 mM heptafluorobutyric acid
IonPac ICE-AS6 column

Classification

Eluent solvent

Column (9%250 mm, Dionex)
Flow Rate 1 mL/min
Injection volume 25 uL
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8. ZSTIt

HsAlele 899 AFFFet 200 tstelde i
o7 N5 5S4 ¥ 54 A=, F7PPHel tig v F4
S AAEIT ol e FAV] ARl Ui A &
A 54 8ols MMl A7te] ded 54 gofell o
g

(¢

AelE Ugor, H7kA] B84 (discriminability) 2 21 &
] (reproducibility)°] WER} =S wHEslo] FHS A5
o} FsH 7k 20139 3] o]~T0ﬂ e Ao 14
Holom, AlEEE 3RkEste] WPt IS 7 Al
B9 &4 54 AEE EF AR vlaLste] Hrkekle
o, 0-1578 &5 HEE ARSIt W7 A HE7 tiskE
Tl zh Aget AR Alelolle mEegt =3 AR

Uk Fe ATES ST

M. Ax gl 22

il

BN dhg R SRS S AH|XF ZHAL

e 5o mE SRV HA HE 218 AP 9
A 22(20°C), (10, 15°C), A(5°C)elA] EXn]S &
BAFT AT F21 ] As AT 0.12-0.25%
(Huh et al. 2003), 0.2-03% (Kim et al. 2004), 0.3-0.4%

(Jang & Kim 1997)2 Rl we} 7} g &=
] g AHET} 02, 03, 04% £ Al BES F
no=w ;‘5].9;1\311], WEE A ZSE & oF TA7F 7Aoo 2 Al
£ At 2 19 F Al FAV 9 27 AEs
0.08%3 oM, 7 g 2EHER 02, 03, 04%°] H& A=
o X8 w7l 20% AIZRS 20°Col F 14621762 2
A17H), 15°CoNA F 216717H9), 10°CAIA 296217122 8
AzhelATh. e 5°Ce] A9 192407 = 2FE Tt 0.1%
5 e ol wEY oE AP vls) mwg 4k
HslE 4H|2E AR A3 } | ol et o] Aol
A ALQEAT 3, T, A2 EE A ofF AbEof|A] AH|R}
71857}t 7P =& HA dE AR 7] flslke] ARt
AAFE AASE A= <Table 2>9F ZAth A89] &H|A; 4
Ab B HE EHEA S ek Aot B gle] W) e
% A7 (texture)2} E W (moldy flavor)S A 2] e+ Ak 7]
S (overall preference), F(odor), Sh(taste), SH(salty
flavor), 413k (acidic flavor), B2+ (carbonated flavor)ollA] A]
B7Fe] folFel zo]l2 B YTHp<0.05). ARtz 7|Ew
(overall preference)®] 74-%-, 15°C 03% (15°ColA Ate=
03%=2 &) Al5e] 7|5 %7} 9.94+2.952 F2J31A] =9k
H, 10°C 03% A&, 15°C 02% AlE £AME Yepdth

l-ﬂ mlm

<Table 2> Results of consumer preference test of Dongchimi under different fermentation conditions

sample Overall preference taste texture
10°C 0.2% 7.43+£3.4202 8.06+3.35" 7.42+3.50° 10.103.18NY
10°C 0.3% 9.67+3.23" 9.7742.57° 9.49+3.64° 10.58+2.76
10°C 0.4% 8.94+2.93% 9.47+2.08 8.71+2.92%¢ 10.91+2.57
15°C 0.2% 9.41+3.15" 9.4742.97° 9.57+3.20" 11.02+2.88
15°C 0.3% 9.94+2 95 9.79+2.20° 9.64+2.87* 11.08+2.85
15°C 0.4% 7.96+£3.25% 8.91+2.35% 7.94+3.03% 10.72+2.43
20°C 0.2% 8.98+3.00° 9.45+2.34% 8.98+3.17% 11.08+2.82
20°C 0.3% 8.88+3.54° 9.30+2.76° 8.96+3.44% 10.58+2.64
20°C 0.4% 9.86+3.35° 9.81+2.35° 9.87+3.58" 11.23+2.58

F-value *k Hok NS

sample salty flavor acidic flavor moldy odor carbonated taste
10°C 0.2% 9.55+3.47% 7.40£3.11¢ 8.75+£3.41N 6.74+3.25°
10°C 0.3% 10.38+2.93a" 10.13+2.75" 8.51+3.30 8.94+2.69*
10°C 0.4% 10.94+2.62% 9.92+3.17° 8.7242.97 8.42+2.98%®
15°C 0.2% 9.85+3.18b% 7.77+2.88° 8.11+2.95 7.36+2.82%
15°C 0.3% 10.26+2.74% 9.85+3.46 8.55+3.00 8254267
15°C 0.4% 11.34+2 46 11.60+3.10° 9.53+2.71 9.25+3.09*
20°C 0.2% 9.43+3.14¢ 7.83+£2.93¢ 7.79£3.03 7.40+£2.73%
20°C 0.3% 10.70£2.61%* 9.89+3.34° 9.09+3.38 8.77+3.23°
20°C 0.4% 11.42+2.68° 10.72+2.60% 8.85+2.66 9.21+2.98*

F-value * NS Rk

"Means+SD

INS: Not significant (p<0.05)

Ya-c: Means with the same superscript in a column are significantly different at p<0.05
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<Table 4> The changes in acidity of Dongchimi stored at -1, 2,

storing temperature and period 5°C for 4 weeks
temperature temperature
weeks weeks
-1°C 2°C 5°C -1°C 2°C 5°C
0 4.07+0.01"™2  4,07+0.01% 4.07+0.01° 0 0.310£0.01"™%  0.310£0.01™% 0.310£0.01Y
1 4.06+0.02 4.06+0.02° 4.05+0.02% 1 0.323+0.01 0.336+0.03 0.359+0.03°
2 4.06+0.02 4.05+0.01* 4.03+0.03° 2 0.328+0.02 0.358+0.04 0.399+0.03*
3 4.05+0.03"9 4.04+0.06™ 3.96+0.02" 3 0.335+0.03%% 0.370+0.02"" 0.400:£0.05%4
4 4.04+0.08* 4.00+0.03%" 3.94+0.01C 4 0.341£0.02% 0.400+0.05"" 0.430£0.04*
YMeans+SD YMeans+SD

INS: Not significant (p<0.05)

Ya-c: Means with the same superscript in a column are significantly
different at p<0.05

YA-C: Means with the same superscript in a row are significantly
different at p<0.05

(p<0.05). F(odor)oIHE= 20°C 0.4% A F7} 9.81+2.352
oAl =kom, 15°C 0.3% AlE7}F 9.7982202 F HAZ
=2 71355 YERItH(p<0.05). BH(taste)ol A= 20°C 0.4%
AJO 7|Z=7) 9.87+ 3582 FolsAl Ekow, 15°C
0.3%, 10°C 0.3% A& =22 YERITHp<0.05). SH(odor)t
Staste) =4 10°C 0.3% A|E7F fFolskA 7P 2 7]
S =5 YeERAth(p<0.05). Zok(salty flavor)2] =+ 20°C
0.4%, 10°C 04% A& o2 7s Aoz Yepta, At
(acidic flavor), EW(moldy odor), ¥H:tu](carbonated
flavor) @ZoAE 15°C 04% A8 =7} 11.60, 9.53,
9252 7P 7k 1o ' VeIt Ask(salty flavory> 20°C
02% AE7F 9.43+3.14%2 7P ks, Alutal gRabnke
10°C 0.2%7} 7.40, 6.74Z 717 <¥st Aoz vepde), o4
o] Aol A dodor)F Htaste)2] 71Z w7} T YUY
(moldy flavor)®] 7A=7} wom Awtd 7S w7}t 7P w2
15°C 0.3% AE7F HA 23 ezt H7EEdh ol A
ATA B 0.12-04%2] A& abeola ZA "oyt
] e 425=o]™, Noh et al. (2008)°] B3+ %7 wtg &
21 10-15°CeF 5L g Aeltt.

2. XMZ = pHe} At Hi5}

A 2xet 717k gelste] 457 At X0 pH
£ 343 Ao= <Table 3>3} om Aes 43 Aol
<Table 4>} 7t} Fg 259 pHe 4.07+0.01°103, -1,
2, 5°CollA 4F7F A o] pHe ZHZb 4.04+0.08,
4.00+0.03, 3.94+0.012 7rA3td A 7)17k0] AojHol| ula}
pH7F ZA&stiTh A% 717F F s3v)9] Abe Wl pHe
Halel WA 2 A 257t 2355 wEA| Stk 4
S Btk g A5 FXHE A= 0310+ 0.01%E, —
1°C RS 457 pH7F 0.34120.02%= F-2]2¢1 W3} Q)
o] FAEA o, 2°C A= 5°C A2 pHAlM = A7
45 5 0.400+0.05, 0.430:+£0.04% ZH2} 29, 38%7} Z7}atod

INS: Not significant

a-c: Means with the same superscript in a column are significantly
different at p<0.05

YA-C: Means with the same superscript in a row are significantly
different at p<0.05

>ND: Not detected

pHe] Wsle] 7]kl wE fol# 1 zlel7t e AoE et
S THpP<0.05). pHet AHe B 35k} 4Atoll e A7 21
o w& A87F Fe] A<l zhe]7F LRI TH(p<0.05).

3.9

g A5 A= 0.52+0.05%S YJERIQ, A 255
-1, 2, 5°CE glsly 45 &< AAg A0 H=e
0.52+0.05%14 27 2500 we} 0.48+0.05-0.57+0.15 <=2
2 W3lele A4S BT AR Az o] 27
A[AR YIS T A E ASE 2dste] FdE Akt
a9} s niAslA] Kt mjAlEe] oJst RHE 5=
&S gtk LA AtkMheen & Kwon 1984). &t} &
AellA 2= wWE HEe 721 Aol YERER] %ot
A 2rest dEe de] gle Aoz AAETHp>0.05).

4. BH2igt
W A sAm e S TS 455 mg/mL Tl

rr ok

O
=, -1°C AA<telM= AG717F 5 ko] ol ¥
3} glo] wl=&kA A 5 9 th<Figure 1>, o283 A=
Kang (1991)¢] 18} o] wre REoXe x| oz
4 Y F =] S 289 dEFs E wete A4
oF fAlsith 45 § S TR 2°C Aol A 4.48+
0.02 mg/mL, 5°C Ao E 4.33+0.31 mg/mLE 7238}
RoH, 472t A 2ol wWE AR 7Fe] fF92R1 Ale]
7F e THp<0.05). A7 717 Skl AA]9] skl 2+
Adl= A nAE ST g HHo] e FeE B
2FATHKim & Jang 1997; Oh et al. 1999; Choi et al.
2004). ol#gk ¥sh= ZrhtS HIRSE njAEo] A7 717F
& EAW] o] EA} verslEo] Eaitsl] gl o) A
AE LIS lactic acid, alcohol 2 CO,E #allaPH A=+
sh7] wiZolH, A &z wel JFS W=t Kim
(2008)°] Ao} ARSI

)
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<Figure 1> The changes in reducing sugar of Dongchimi depends
on stored at -1, 2, 5°C for 4 weeks

5. &7 o RAT &
A LmS) 717k Glstel 47 AT BAvIS B
A48 249 ATk <Figue 259 72or] AEE 24

St A= <Figure 3> 2l &g A5 Aibd7) 7,75+
0.09 log CFU/mL <=0l =t Al Aol Ae] o) S4
ZAAFE 8.65+1.54-9.22+1.08 log CFUML =74 &
7FalAth<Figure 3>. Fvot ikt 9] ¥istE duEd
Tt RPIRAR Al AR 25 A 2700 Zakt ¢
7} S7V7] AlFske] Ao S2lo) o2 § adke A
< Ho|=d|, 2°C A7} 5°C AAatellAl A7 1572
Brt7t A S7FsATHp<0.05). A% 57 =55
Hof SAFT7F o =93, oled Ade sXne A%
Z Zakt 52 243 Seo (2005)2] AT Ao} FUsT}
olgfgt A¥e & A A F f7ILke] wstelx] Ak
o+ ¢ A A#Ho] Y= Lactic acidd] AEH= AEA LS
F JEH, 2°C A= 5°C Aol A Lactic acid®] 7
E3Fo| Mzt AR 273, AR 152 R e® Zkst
= A3 #Ho] A= oz Ay

6. 77|tk

A% 2= 2Ed sAn e A% 717 T /714 Bio-
LCE 4% A3i= <Table 5>9F Zth BFAIEE ARG
citric acid, malic acid, fumaric acid, lactic acid, acetic
acid % fumaric acidg A¢|3t 4714] Aol HEHAULE -1°C
Aol e HE A5 HAESHAD G714 28] 240
A% 717 T A ws) glol A=A 2°C A2
5°C Aol A= citric acid2} malic acid’} -F2]8HA] 4
star | 29l AEEA] R lactic acide= 2°C At
AMMe A 272, 5°C AT A 15FAHH
AZE7] AFsl] A% 47 F 0.62-0.66 mg/100 mL =7k
A F7F3L, acetic acid’} acetic acide 0.22-0.24 mg/
100 mL 7] 5718 th(p<0.05). Citric acid®} malic
acide &8 A% Z7F 0.19+0.03 mg/100 mLe} 0.40+0.06
mg/100 mL $<F02 ZAEE A=, 2°C AwollM= 0.08+
0.00 mg/100 mLZ 7+43}e] citric acide= A% 35F24-H,

11 4 ~-1C
-2
~5

o

Log CFU/mL

Fermentation Time (Days)

<Figure 2> The changes in total bacteria of Dongchimi stored at -1,
2, 5°C for 4 weeks

9 4
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<Figure 3> The Changes of lactic acid bacteria count of Dongchimi
stored at -1, 2, 5°C for 4 weeks

malic acid= A7 27 SHZFUAL, 5°C AgtolA
= A% 2FANE HESRA LU AR SE 714
2 AAE ol EAlShs e AT FaI F FHAE
o] EAo} mAEe] 2gof| ol ket 1 &) oY AR
712E0] AP THKim 2008). Kim (1997)2] 2 3}tojlA
acetic acid®} lactic acide X077} A<= E v &%
U 232 v)Fo] Kol 2°C A3 5°C Agwolrds &
T A% 4 B4 AT & gl Aoz wdd 5 9l
o} 53 Seo (2005)2] Aol 0°C ol 2] ol A%
P& v TP dasgd) B e S 1R 1)
AL AL ARG Ball A% 717ke] AAErE Ak
7} 2] 8HA Z7181aL, Lactic acid, Acetic acid 52| §714k

N

st

X
B AR A d5H 54 WUIE fleke] ¥R
oF Fo9l Hpo|7t fivka ke AF 153 AEe
A 57 H71elA A=A A 2=k FE g
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<Table 5> Changes of organic acids of Dongchimi stored at —1, 2, 5°Cfor 4 weeks
non-volatile organic acid temperature
(mg/100 mL) weels °C »C s°C
0 0.34+0.06"N2) 0.40£0.06™ 0.40+0.06"
1 0.39+0.01*% 0.19+0.01°® 0.08+0.07°C
malic 2 0.36+0.11 ND3) -
3 0.27+0.04 - -
4 0.22+0.05 - -
0 0.19+0.03™ 0.19+0.28* 019+0.03*
1 0.17+0.258 0.15+0.03"" 0.20+0.08*
citric 2 0.17+0.01 0.08+0.00° -
3 0.16+0.01 - -
4 0.16+0.00 - -
0 - - -
1 - - 0.54+0.30
lactic 2 - 0.40£0.05 0.64+0.30
3 - 0.62+0.04* 0.66£0.08%
4 - 0.65+0.07* 0.68+0.93*
0 - - -
1 - - 0.21+0.08°
acetic 2 - 0.11£0.02° 0.20+0.14*
3 - 0.20+0.20" 0.24+0.45%
4 - 0.22+0.03* 0.24+0.02°
"Means+SD

INS: Not significant (p<0.05)

Ya-c: Means with the same superscript in a column are significantly different at p<0.05 by Duncan’s multiple range test.
HA-C: Means with the same superscript in a row are significantly different at p<0.05 by Duncan’s multiple range test.
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<Table 6> Changes of Taste Intensity of Dongchimi stored at -1, 2, 5°C for 4 weeks

Fermented . carbonated
temp weeks Overall flavor Odor Off flavor transparency  garlic flavor flavor moldy odor firmness
0 1043x1.57"  6.52+2.71 4.95+3.47 7.142.26 3.3342.99 4.14+2.56 4.05+3.46 7.2942.24
-1°C 2 10.62£1.96¥Y  6.57+3.04™8 533267 7.1442.59% 3.3342.60° 4.81£2.52™ 3.67+2.89" 6.48+2.50™
3 10.67+1.43 7.38+2.99 3.71£2.81 8.71+2.26™%  4.10+3.18° 5.19+£2.86 3.67+2.71 6.95+£1.96
4 9.86+1.82" 633231 481+3.16" 6.33+1.82° 3.5742.65°  5.90+3.04 3.294+2.76 7.29+2.45
2°C 2 9.76+1.73 6.10+2.43° 4.67+2.94* 6.95+2.20 3.90+2.64 443+2.74% 33382758 7242230
3 10.29+1.65 7.43+£2.89° 3.004+2.43" 6.57+2.528 4.00+3.26 5.00+£2.99 3.71£2.88 6.67£1.60
4 1024+2.07" 6.524£3.09®  2.90£236™®  7.71£2.00 3.57+2.86 5.06+3.35 3.19£2.54 6.71£2.08
5°C 2 10.1942.18 6.71£2.90™ 4.86+2.82 6.67+2.20 3.57£2.62 4.95+3.15° 3.67£2.75N 6.43+1.68"
3 10.71£1.90 7.29+£2.72 4.1442.33 5.76+2.238 3.67+2.44 5.67+2.69% 3.14+£2.75 7.62+1.79*
4 11.33+1.49" 7.19+2.52 4.95+2.60* 7244228 3.19+2.50 6.52+2.87° 3.6242.89 6.67+1.56
temp weeks salty flavor  sweet flavor  acidic flavor savory flavor  bitter flavor  radish flavor gre;r;vzr:on
0 9.33+2.01 2.71£2.22 4.62+3.19 4434331 2.05+1.86 4.62+2.88 2.86+2.56
-1°c 2 9.67£2.50™ 2294210  5.19+£3.14N  338+2.78° 2294243 47122708 3.19+2.18™
3 10.14+1.85 2.434+1.69 5.38+3.01 4.43+3.30° 1.52+1.40 4.1942.49 3.67+£2.60
4 9.33+1.83 2.52+1.83 4.76+4.76 4234+0.01° 2.14+1.65" 4.5242.25 29221
2°C 2 8.76£226™  233+1.86™  4.62+2.66° 3.86£2.82%  1.95+1.88" 438+2.46™  3.6242.06™
3 9.14+£2.17 2.524+1.83 5.52+£2.91* 4.29+3.45 1.38+1.60° 4244201 3.57+£2.66
4 9.29+2.55 276191 5.38+3.43° 4244327 1.38+1.24°%  3.95+2.48 3334251
5C 2 93342.45N  243+225M 5058273 3.71+4.13N  2.05+2.01 3958228  3.76+2.51°
3 9.67+2.45 2.19+1.81 5.76+2.81 4.24+2.70 1.43£1.12 4.144+2.60 3.142.38"
4 10054222 2.14+1.59 5.76+2.84 4.05+2.94 1.81=1.40° 3.8142.36 2.9142.00°
YMeans+SD
INS: Not significant
9a-c: Means with the same superscript in weeks are significantly different at p<0.05 by Duncan’s multiple range test.
YA-B: Means with the same superscript in temperature are significantly different at p<0.05 by Duncan’s multiple range test.
Variables factor map |[PCA) (A) Individuals factor map [PCA) (B)
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<Figure 4> Principal component(PC) loadings and the physicochemical and sensory characteristics score (A), the 10 Dongchimi samples pre-
pared at various conditions (B)
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