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Physicochemical Characteristics and Sensory Properties
of Commercial Mukeunji Products

Sung-Won Hurl, Myeung-Sin Kol, Mi-Ran Kiml, Hye-Ran Lee2,
Seo-Jin Chung', and Mi-Sook Cho'

!Department of Nutritional Science & Food Management, Ewha Womans University
“Department of Food & Nutrition, Baewha Women’s University

ABSTRACT The aim of this study was to investigate the physicochemical characteristics of commercial Mukeunji
product along with its sensory properties. Six different types of commercial Mukeunji products were purchased through
an on-line market, and each product had a different fermentation period. General commercial Baechu Kimchi was
compared with commercial Mukeunji products in order to standardize quality properties of Mukeunji. As a result,
commercial Mukeunji showed a lower pH value (pH 3.96, mean value) than commercial Baechu Kimchi (pH 5.92),
whereas commercial Mukeunji samples showed higher acidity and salinity. Color values (L, a, and b) of commercial
Mukeunji decreased as the storage period increased. Hardness and thickness of commercial Mukeunji showed a lower
range compared to Baechu Kimchi. The reducing sugar content decreased as the storage period of commercial Mukeunji
increased. Acetic, lactic, and succinic acids were detected in commercial Mukeunji samples, whereas citric acid and
malic acid were additionally detected in Baechu Kimchi. Commercial Mukeunji samples showed lower contents of
acetic and succinic acid and higher content of lactic acid than Baechu Kimchi. Commercial Mukeunji samples showed
a significant difference in all descriptive sensory attributes except for bitterness. Overall intensity, sourness, moldy
odor, redness, sour smell, saltiness, and carbonated taste increased as the storage period increased, whereas cabbage
flavor, crispiness, sweetness, firmness, and savory taste decreased as the storage period increased.

Key words: Mukeunji, physicochemical characteristics, sensory properties, quality characteristics
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AtAL] xEste} e &89 = = VRARE AT
=71 98 A5 s

Alg 3

Al AL Qs SA7IE 5249 Fd 548 vals)
7] #18ke] 2014 290l 2epelE Tl Ao ® dviE i
= HEA 6FS Trulete] EA sk 2N e] vk
ol FkW 3709 A AZALE Fol AL %4713t
FEAE skt JHA AxAlM = 671 54 5
A&, CHA A= 6702 871 4 5245
skl en, HAAl AlzAbel A= 19, 29, 3d <4 5

SAE Tk e AR 4 wFAA S} 5249
FA BEAS vlasly] 98kl JRAA A ZAL A Az E o
-1°CellA 73 Bt 27| HAXE Fufste] HlaLsgltt
(Table 1). B Alme 7o 1 kg D92 AUE E]
gl Aol ¥gste] -1x1°Ce A" AL
(ZS33FBCTST7T, S Electronics, Gwangju, Korea)oll 4 X
ZstAA A3l

pHe A4 A8 30 ¢ 57 270 mLE dA=5H
(HR1617, Philips, Shanghai, China)E ©]-&-3a}o] w2 3}A]
709, 7 Ao A== oate] A of 7}l pH meter
(Orion Star A222, Thermo Scientific, Serangoon, Sin-
gapore)E ©]-&3te] A4 SAHGT F AEE A
Aol 50 mLE #H3Fe] 0.1 N NaOH=ZE pH 8.237}4] 243}
o] AHlE NaOH| & 3 &, thd 2o ti9date 4te
2 UERATH12). ZH2te] pHe 4At= & 33 WHE SA ko]
Baibs Tkl
A= (lactic acid, %)=
Z=H]¥ NaOH(mL)XNaOH factorx0.09

x
Sample(g) 100

S ASBANE o §3te] AT 4N NES F 7
2 3 oyd 35 mLE J=EA(TM-30D,
Takemura Electronic Works Ltd,, Tokyo, Japan)® =%

Table 1. Manufacturing company and fermentation period of
commercial Mukeunji samples

Samples  Manufacturing company  Fermentation period

JO J 1 day

J6 J 6 months
C6 C 6 months
C8 C 8 months
H1 H 1 year

H2 H 2 years
H3 H 3 years

seow, 27ke] AnE % 33 W ZAsje] FEUS
it
ME 9 xEZ &F

MEsh Ag 4 MFAA ] AAARE 30

o IR

> m 27|12 Zed B9 E S
AFEZ ARSI TH13). M= M EA(CM-3500D, Konica
Minolta, Tokyo, Japan)& A}&38}o] S350, 227+
& 7wl FAE EX4EX 7] (TA-XT, Stable Microsys—
tems Ltd,, Surrey, UK)& A}8-3}o] Table 29 ¥4 =1
3} o] ZA3T) 747te] A2 & 53] HHE =2 5)0]
7V 2w A2 ks A9 33 ol HaEs ekdth

]_

oln

AL dinitrosalicylic acid(DNS)H(14)0.2 =7
] o]z}l 1 mLell DNS AleF 3 mLE &38lo] &

%Oﬂ 5%t 7hdEta s 2=
Qole SR 3|5t £
Kyoto, Japan)& AF&-3l4] 550 nmollA] &3 =2 =439
th sdd o R D—glucosea AFEsle] A
4P O AR U SRS ANl 7
T 33 ks SAste] Hd ks el

F

o A 30%3F 43l —‘%

FEE
= A (UV-1800, Shimadzu,

Z}

HNm

S
=

Fol A=

[

N

714k AR ARNS STHRFZ v g & AR
11]7](H1mac CT15RE, Hitachi, Tokyo, Japan)& ©]-&3}%
5E7F 9AEE 3 T A A5AS 0.2 pm nylon syringe
filter(6789-1302, Whatman, Harverhill, MA, USA)& &
7}3Far HPLC(Agilent Technologies 1200 series, Agilent
system, Santa Clara, CA, USA)E A}-g3le] Table 33}

=3l B 2702 =AYt BFE AR E malic acid,

Table 2. Operation conditions of texture analyzer

Conditions Hardness, thickness
Attachment Stainless steel rod (diameter Smm)
Pre-test speed 2.0 mm/s

Test speed 1.0 mm/s

Post-test speed 1.0 mm/s

Target mode Distance 10 g
Trigger force 50 ¢g

Table 3. Operation conditions of HPLC

Conditions HPLC

Column Carbohydrate column (4.6 X250 mm,
5 pm, Grace Davison Discovery
Science, Columbia, MD, USA)

Mobile phase 0.008 N H>SO4

Flow rate 0.6 mL/min
Detector DAD
Injection volume 10 pL
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lactic acid, acetic acid, citric acid, succinic acid& A&
SHlAL AR AmeA AEE 714k AR 2F /714
S HPLCH FY3ste] 2ozl standard chromatogram A
9] 7} peakell YEMY retention times A& H| nldlo] zhz}
9] peak Yo 2HE &35 ml/100 g = F AT

= 4 gk 7% (overall intensity),
, B2 A% (redness), ¥ (sour smell),
S (moldy smell), ¥i15 &1 (raw-cabbage flavor), &

Yk(saltiness), ©3H(sweetness), A% (sourness), 721k

~~

A % (ripeness

(savoriness), &% (bitterness), ¥tz carbonated taste),
o}2}&k A % (crispness), ¥2 A E(softness), @3t FE
(hardness)Z 154 &5 HLE=Z Frlelgith. A= 09
VeSS At ofetal 144l PSS Jrert 3E

Aew Wrhsgon, A9 4 wEow AN

EAIXz]

B A3 o] E7A 8= SPSS(Statistical Package for the
Social Sciences, ver 19, SPSS Inc., Chicago, IL, USA)E
AFESE T AoE Fa iy 2EEAkE e e 54
71708 5ol digt &S A r7] 93] one-way ANOVA
BAS Arsion, froldel e A9 s’
(Duncan's multiple range test)2 53] A& 7+9] 942
AA 3 TH/X0.05).

a1 — s
2ot 3 nF

Al 52Xk Al w32 9] pHet At 54 Aie
Table 49} Zth, Al B-249] 3 pHe 3.960.2 AWk
o2 dEA H4y] A7 pH 4.38TF v 7S UEl

Table 4. pH and acidity of commercial Mukeunji samples

- g Al A g ol g A A - 2w %

T

S Bt C8 X9l pHE 3.692 74 w2 p
vEblen, H1 Ax19] 45 pH 4.228 7P & p
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Table 5. Salinity of commercial Mukeunji samples

Samples]) pH Acidity (%) Samplesl) Salinity (%)

J0 5.92+0.03*2% 0.28+0.01° 10 1.76+0.02*"
J6 4.14+0.02° 1.74+0.03% 16 2.3440.07°
C6 3.82+0.12° 1.83+0.05¢ C6 2.42+0.10°
C8 3.69+0.04 2.94+0.05" C8 2.45+0.09%
H1 4.2240.04° 1.71£0.05° Hl1 1.94+0.08°
H2 4.15+0.04° 2.07+0.13° H2 2.04+0.01%
H3 3.77+0.06% 2.43+0.03° H3 2.13+0.02°

Y Abbreviations are same as in Table 1. " Abbreviations are same as in Table 1.

YMean+SD. YMean+SD.

Means with the different letters (a-f) in a column are signifi-
cantly different at P<0.05.

Means with the different letters (a-d) in a column are signifi-
cantly different at P<0.05.
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Table 6. Hunter's color values of commercial Mukeunji samples

Table 7. Texture property of commercial Mukeunji samples

Color values

Texture property

Samples” Samples”

ampres L a b ampies Hardness (kgf) Thickness (mm)
10 60.14+£5.072Y  9.11£0.87°  18.83+0.54° J0 3.51£0.20°% 7.64+0.27
16 33.24+1.17° 5.66:0.92%°  16.87£1.36° 16 2.44+0.24° 4.97+0.06%
C6 33.27+0.74° 8.09£1.01™  17.99+1.23° c6 3.3240.12° 5.49+0.35¢
C8 34.10£0.13¢ 2.50£0.18"  14.10+1.42¢ C8 2.35+0.17™ 5.12+0.28°*
Hi 48.13x1.77° 11.94£1.68°  27.67+2.35" Hl 3.43+0.03° 6.06+0.88"
H2 43.51+1.00° 6.76£0.15%  23.28+0.95" H2 2.6240.14° 5.82+0.43%
H3 30.28+0.55¢ 436+0.46°  12.76+0.63" H3 2.11+0.14° 4.59+0.29°

" Abbreviations are same as in Table 1.

“Mean+SD.

Means with the different letters (a-f) in a column are signifi-
cantly different at P<0.05.

M

oA Alge dist Mo 54 A= Table 63 2t}
AR 0] Ao SA7E AR A%7)0] ey W 4
go] gli= zahel WA el A2 AAA w3 volrt 4]
SAe] AaAsY Fuo] 283 P Ase) oA o
T8 Aol wF 20| FrErhe A7) FU5
A AT BeA ] Wit Lie 37.092 A% W30 e 3
91 60.1455 @43 e g vehiTh HAlel 49
A7) FABSE Lk folHo gastgon
(PRO.0D), WA ] At W% o] 27] Bl 215
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(18)94 04?01]/\1 Hé‘r
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Atk ol5 TRk Hoks w A AL o] 8t FAHF
Yoo &(7)e] ¢k A9 7] FEnks A3 ek Mg
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Aol AL 570 Do 5E B

" Abbreviations are same as in Table 1.

Mean+SD.

Means with the different letters (a-e) in a column are signifi-
cantly different at P<0.05.
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Table 8. Contents of reducing sugar in commercial Mukeunji
samples

Samples" Reducing sugar (mg/mL)
Jo 13.11+0.78""
J6 5.41+0.87°
c6 1.68+0.38%
C8 1.29+0.04°
HI 7.33+1.11°
H2 6.03+1.24%
H3 2.78+0.35°
D Abbreviations are same as in Table 1.
*Mean+SD.

Means with the different letters (a-e) in a column are signifi-
cantly different at P<0.05.

Table 9. Correlation coefficients between pH, acidity, organic
acids, and reducing sugar content of commercial Mukeunji sam-
ples

Parameters Reducing sugar
pH 0.890"
Acidity -0.670
Acetic acid 0.933"
Lactic acid -0.793
Succinic acid 0.836"

Significant at the level of " P<0.01.

2 A4 29E B U(X0.01).

A= pH, A%, F714He] AAAAS EA43 A
acetic acid®} U4 IFE r=0.9330]2t= w& AAAAE Y
Elyl oW pH, succinic acide} $HA| %o A#aAA e
th WA A=} lactic acidE $EEH 59 GHEAE o
B o] g 2149 pH, Attt 714t B S
o] th= Noh 5213 Woo 5(22)2] A9 A3}
£ 23Z Yeldti(Table 9). THoR FeXEs AlH
A X oF vlaste] @A8] W2 AT s el 5
4E& BT
7144

Al Fox| o] f7)AF B Ax o #7]AF0 R acetic

acid, lactic acid®} succinic acid’7} A& o™, Al uj

B E T RERE P

F A9 79 lactic acid& A1€]§+ acetic acid, succinic
aad malic acid®} citric acid’} AE= Ak A5 o3t

F714F =4 A3b= Table 103 2ok WA Al w30 %
«] 73§~ citric acid= 56.15 mg/100 g9] &&= YERla
malic acid®] 4-9- 9.11 mg/100 g&2 F {73 &5 Al
SeAo = HEHA FArt o= Yoo (7] AF-lA
malic acid7}F @& Z7]¢] Zo] YAAT}E B9t Kim 5
(23)2] Aol A citric acid®} malic acid?} &4 717ko] 4
o el whep A3 Fadrhe AHet dAshE AR B
o} citric acid®} malic acide # 2| %7] @ae] #st=
o102 geken

Acetic acid®] 4% Al & ol H1 Al87)F 713
F2 241.78 mg/100 g°] & EFl o Al w371
o] 328.41 mg/100 g} M WAL @ JiH o e o

524

2o ebdich 3 HALS) A4S 54717ke] Aol el whe}
A5 ZHY] acetic acid FE2 FolHo=z FAsSTh

(7<0.001). ¥bH CA}Y] acetic acid9] eF&F2 91~94 mg/
100 go. 2 Als 3Fe] {9 %Rl pol & YERA] &gttt
/4717 1 A= HAFl Bl3l] 54d713b0] tha &2 CAL
o] B2} frolH o7 yhe acetic acid TEFS 5'_1_ A
acetic acid7} pHS} &9 Aa#AAAE 714 whef A=<
pH7} Yol A5 acetic acid®] &&= o] WolA|= 43
S Holx= Ao 7 AgHu) Succinic acidd] 7 2
o] Ao whe} HAFOl A7d7]17hE Al mell A frol Al 7t
AE VERATHIX0.01). Al w54 ] o4 267.80 mg/100
g9 & succinic acid %S 2l ¥HH C8 A5 A 29.41
mg/100 go], H32] 7% 22.26 mg/100 go & <Ado] 213
Holl wpg} 2 ioi Faste A3E e

Lactic acid®] 749 Al sl S Xl A= 74%55]1]
o Al & ]«] d-9- 4 713o] HojHol| wet ol
TV Ade Btk HARS A 1d 4 52A(HD
9] lactic acid ¥ 374.68 mg/100 go| YA 3 &4
522 (H3)2] 749 591.15 mg/100 go.& %4 7]|7ke] Zo

=

(

% 32

0& &2

Aol e} A= T 793 F ZolE YEFSTH/X0.001).
F712F BAS B8 5o Ak A4 w4 ol 15
=2 Jactic acid S B oW acetic acid®} succinic

Table 10. Contents of organic acids in commercial Mukeunji samples

Organic acids (mg/100 g)

1)
Samples Citric acid Malic acid Acetic acid Succinic acid Lactic acid

JO 56.15+1.05% 9.11+0.87 328.41£6.37% 267.80+27.71° ND

J6 NDY ND 154.36+0.41¢ 41.68+1.09™ 415.71£1.00%
C6 ND ND 91.80+3.43° 22.8542.30° 622.53+89.95°
C8 ND ND 94.06+0.62° 29.41+0.47% 726.19+5.03°
Hl ND ND 241.78+11.96° 37.10£7.10% 374.68+10.21°
H2 ND ND 188.22+1.03° 44.37+0.04° 472.56+13.11°
H3 ‘ND ND 102.20+0.81° 22.26+0.22° 591.15+5.32"

1)Abbrewanons are same as in Table 1. ?Mean+SD.

Means with the different letters (a-f) in a column are significantly different at P<0.05.

“ND: not detected.
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Table 11. Sensory characteristics scores of commercial Mukeunji samples

Sensory characteristics

Samples” - - -
Overall intensity Ripeness Redness Sour smell Moldy smell
J6 8.00+2.18"2 9.4242 34 7.104£2.98% 7.13+2.87° 5.65+4.07°
C6 8.7742.84 9.75+2.55° 7.90+2.85° 7.68+3.12° 5.85+3.88°
C8 9.45+2.49° 7.90+3.53° 4.734£2.62° 6.70+3.72° 4.55+3.49%
H1 6.68+1.72¢ 5.0342.26° 7.50+3.28° 430+3.21° 3.45+3.60°
H2 7.32+2.84° 7.83+3.25° 5.9042.74% 6.85+2.58° 5.80+3.41°
H3 8.2843.15™ 10.68+2.25° 6.9042.89% 7.60+3.49° 5.65+4.62°
Samples Saltiness Sourness Sweetness Bitterness Savoriness
16 7.05+2.90° 5.1043.31° 3.00£1.97™ 24842 88" 4.90+3.45%
C6 8.1843.05™ 7.35+3.52° 2.30£1.91° 2.43+2.73 3.83+3.23%
C8 8.57+2.70° 7.70+3.50° 2.1542.07° 2224221 3.42+2.93
H1 5.40+2.73° 2.8742.35° 4.58+3.31° 1.78+3.04 5.25+3.93°
H2 5.15+2.17° 4.584+2.81° 3.6742.19% 2.40+3.03 5.08+3.24%
H3 8.03+2.90™ 7.83+3.95° 2.134£2.07° 2.68+3.13 3.45+3.39°
Samples Carbonated taste Raw-cabbage taste Crispiness Softness Hardness
16 4.80+2.27° 3.15+1.92° 6.1242.87° 6.58+3.73" 5.70+2.45°
c6 5.48+2.62% 3.10£2.10° 6.08+2.18° 6.25+2.85" 5.67+2.07°
C8 6.254+3.26" 3.7342.41° 7.43+2.59° 5.28+3.17° 6.32+1.97°
Hi 3.4542.03° 5.404+2.85" 9.8042.72° 2.8342.45° 9.03+2.93°
H2 5.15+2.33%® 3.88+2.32° 7.23+2.19™ 5.90+2.75" 6.08+1.76"
H3 5.60+3.59" 2.83+2.32° 4.58+3.08° 8.15+4.39° 3.6042.50°

DAbbreviations are same as in Table 1. ?Mean=SD.

Means with the different letters (a-d) in a column are significantly different at P<0.05.

“NS: not significant.

acid= freldom e FFe wolt 54 vehi
(7<0.05).

ZHsAA

<7178 2l AT B24] 639 BAF B4 £HS
Tl HS AR, w4 AL e o I 27, Ayt ¢
Uk, An 2k Zuk uj gk} e Uk g 67, A,
9], WF el ZE WA 5 3, oftek A, FE
A=, ook Yo vk 22 Az 9 Qi 7E 54
AN F 15709 HF2A9 #5534 EAo] /EH Ut 154
g A B AREste] Hrhek Al 5239 #54 54
Ax A= Table 113 2o}

A8 54 Zxol gigh 24 A3 &5hs A9 s
BE EAA 522 A= 7F §942 2ol & YERAT
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