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Sensory and Textural properties of Dongchimi added with
Citron (Citrus junos)
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Department of Food and Nutrition, Dankook University

Abstract

Effect of citron on Dongchimi (watery radish kimchi) fermentation was investigated by sensory evaluation
and the measurement of non-volatile organic acids, soluble pectin, and the texture during fermentation up to 36
days. Dongchimi with various levels of citron (0, 1, 2, 4, 6%) was fermented at 10°C. In sensory evaluation,
citron-added Dongchimi showed the higher scores in most characteristics than Dongchimi without citron in
which Dongchimi with 2% citron was the most preferable. The non-volatile organic acids of Dongchimi were
identified as lactic acid, oxalic acid, succinic acid, malic acid, and citric acid. There were significant changes
in the contents of lactic acid, succinic acid, malic acid, and citric acid during fermentation. Generally, the con-
tent of hydrochloric acid-soluble pectin (HSP) of Dongchimi occupied the higher ratio in the total soluble pec-
tin content. Generally, the content of hot water-soluble pectin (HWSP) of Dongchimi decreased and that of so-
dium hexametaphosphate-soluble pectin (NaSP) increased during fermentation. The hardness of radish in
Dongchimi showed the highest score on 23" day and decreased thereafter.
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3. Hopuhy

(D) T4 7t

£ A7lers Dl $Xv)e) B (ubidity), A5
WAl (fresh radish odor), AFE-8+ WA (fresh sour odor), Al
WA (sour odor), FHul(moldy odor), A} F-Sk(fresh rad-
ish taste), §H41w|(carbonated taste), A1 =k(sour taste), T
Sh(moldy taste), oF:tol2}3H(fracturability), 57) 5733
(softness), HukA al 7] 5 % (overall acceptability)E 37}
ik B ALY o) AL B A E0)E A
I UL, ZA] stell gt Apo]A Fo] gle o)
ekl Al Fodokste) A 1098 AAsted, 74 7]
A0 Z JeARE AAsG e, 74 W
3 F&70lm, 1ML ) Yo g sigint AR
= AAke] 212 17138k A A st 1, 3573k 2
F 3~4xell A A)EH T

(2) HI3eA [t

A" T 20g3% TE 3088 B)|EAHTHEE
#4171, GFM 350B)Z 2%-7F Ztoba] methanol 160 m!
S 4 287 743 A7l $(JANKE & KUNKEL,
ULTRA-TURRAX T25) 141 2-2]stgdct. Abalel - 3
3} F2 ALA}e) 80% methanol 50 miE 7}5fe] FA
3} Al7]aL o7& ARl 2aks 23]o 4 A
Alstsdet. A A-E 2ola] 500 miz 43 F o] F
100 miE- H3te] o 2mlt HER FHAZY 535
H A5 105°C dry ovenoll4] &4 AzAALP. A
Z7} Bt A EEF methyl ester2 ST A3} A)7]7] $
34 14% BF/Methanol-%%Y 2 m/E 7}y WHE-EF
EH 24 methyl laurate7} 3% o] 9)= chloroforom
£-1(0.6254 2/250 ml chloroform)& 2 ml 7}8}d 80°C
ol 3087k HbS-AlZich Hhgo] B AR E Ay
o &% % 4 mi/®] saturated ammonium sulfateZ- 7}3}
o] §-7])4F methyl esterZ- chloroformZ=2 2 o]3)A]7)
3, o§7)o A2kl sodium sulfate® 7}3}o] gA)7)

& 933E 713] gas chromatograph 2 v 394 -f-7|
AbE BAE) oluf £4F7]1-2 Table 15 7t}

3 #H=84

O LETEEA 2P g AR

AR, 2 9 FA7170E S0 R 2R84
3.3 E(Alcohol Insoluble Solids: AIS)?| A Z= A&
o ecthanol& go] whsfigt -, misfjEe] HEpwr)
80%7F == A5 FeFol dia] 10u02 ethanol&
7Feha 85°CollA #Fllzt AR g RAXA 147 7}
2, 2 g 7t AFsE ) o stsle 22 A
Eoll thA] 80% ethanolS- A7}sled 60°Cel|A] 1417}
W8l o2l 22hE 4~53] ubEalo] of mhelo

Table 1. Operating conditions of GC for anmalysis of
non-volatile organic acids

Instrument Varian STAR 3400 CX capillary gas
chromatograph
Column Stabilwax (0.25 mm X 30 m)

Oven temperature 70°C (hold 1 min)-5°C/min-210°C

(hold 11 min)

Carrier gas Hydrogen, 12 psi

Injection 02w

Make-up gas Nitrogen, 30 mi/min

Detector Flame Ionization Detector (FID)

Injector temperature  250°C
Detector temperature ~ 270°C

ol AZHA ¥% WA A& ALY A E
£ &= ethanol¥} acetone © 2 g 2]3¢dn). o7
& 40°C $FEAZI NN AZF e EHste] 40
mesh& §3A1A AISE A Z3}5ic}.

@ 7HA A" 18 2 A

7HeAd HRe] B3 Fig. 15} o] 4FEEA 1
HE 02goll 259 100 miE 7}3ko] 100°CoNA] 3H
W2k A2 FANA 147 23 T etk
AAEE oHA 100 mie] S5l A, sl F

A

Ay of

Alchol Insoluble Solids(AIS)

Extracted with water at 100T
for 2hr (2 repetations)

|

Hot water soluble pectin(HWSP)  Residue
Extracted with 0.4%
sodium hexametaphosphate
solution at 30°C for 2hr
(2 repetations)

{ Residue

] Extracted with 0.05N-HCt
solution at 85C for

llhr(? repetations)

Sodium hexametaphosphate
soluble pectin(NaSP)

' Residue
Hydrochloric acid soluble Extracted with 0.05N-NaOIl
pectin(HSP) solution at 30T for
Zhr (2 repetations)

Sodium hydroxide soluble
pectin(S5P)

Fig. 1. Fractionation of various soluble pectins start-
ing from alcohol insoluble solids of Dongchimi.
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d M F5 F o5ste] A5y == (hot
water soluble pectin: HWSP)YS e} A47kgA =
BlS AAF FZAAbel 04% sodium  hexameta-
phosphate §-¢4 100 m/Z 7}3}e] 30°CollA] 247}k st
A7 2% ofahstiz 2aHe 28] WHsho] A7HeA
# €] (sodium hexametaphosphate soluble pectin: NaSP)
s gtk @Y WBE AAT A oA
0.05N-HCI&9) 100 m/ 7}s}o] ®eh, SalA7] &
$5CIA 2417F 28] 2% F clmtslel A7HEA AR
(hydrochloric acid soluble pectin: HSP}&- it} 47}
449 A8-E AAZ AAlel 0.05N-NaOH4- 100 m/
£ 7kste] 30°Coll A 2417k 23] & F ofste] G
2] 7184 #€l(sodium hydroxide soluble pectin: SSP)}&
A}

7184 #ele] ekl carbazole-sulfuric acid®] ”el|
Wet A 2% T olzste] e 27e ofshel 1
mlol] 0.5 ml carbazole(0.1% carbazole + 95% ethanol)
g Fpeky e o, A% 34 6 mig Shstod
8 ColA S22k 7 ALollA] 1537 WA
F 525 imel 8] FHEF 2Hsto] ATt o]
o] &A1& galacturonic acid monohydrateE 20~
100 pgmi®] 57} A AZE F9 1 miE Aol
carbarzole-sulfuric acid®] 7ol u}2} 2kA shd v}

(@) =e=A

AR o x| v|Fe] HESA e upE 7 (hardness)
= Texture Analyzer(Model TA-XT2, England)2- A-8-3}
o] A5IE A (puncture test) & 2 223 3}9] 003, o]
A28} Texture Analyzer®] F71-2 Table 29} Zc}.

4. EAINzE]

B A 354 AL 2 AR A 2E A3
= SAS packageZ ©]43}91on], ANOVA test2}
Duncan®] v} 21713 (Duncan’s multiple range test)®&
E35to] 7+ Ae|Fzhell FoJH 3ol F p<0.059)14

A&stsict.

Table 2. Instrumental conditions of Texture Analyzer

Instrument : The Universal Texture Analyzer
(Model TA-XT2, England)
Prob : Puncture prob
(rod type, ¢ 4.35 mm)
Probe speed : 1 mm/sec.
Force scaling :S kg

Autoscaling 1 on
Detecting points/second : 200
Travel distance : 50% of sample thickness
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Gake] "rleke 0, 1, 2, 4, 6%5 Helste] g &
2915 10°CollA] 369 Fob MRS A 7|HAM HES
A 10, 15, 23, 30, 36 & 53] A FFAAE A
g Abe Table 33} o). AAlEHEL gx, A5
WA, AEEE JA, AGA, TEY, AT, 2Abke
Algk, FE g, opatolalyl, 757 F, AnbA el 71
=2 & 1270 9}

gl 7| Zx = dasie] 2 et st
drbrt sl e LasA 1590 423872
gl 7.0& ol b FA Hob sk, WasA
23Yoll= 2%%} 4%2] APt 7022 H3ko] F&
A5 ugheh BagA 2719 36Uole §4 2%F
2718 Aelgate] 6.02.8 v)wA A ks
wt AAdw e v 0, 2, 4, 6% H7R AT
HEsAde] AP w2} 2F folHl Aelp<
0.001)% Rch A il LasA 304 (p<0.01)
7} 369 (p<0.001)l 7t Ml HI §-oH] o]
B, 53] 4 2%F ArIet ATt HEASA
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2|3, FakgheFo] ol 4ke] AAJo] B Al7]el 23 239(p<0.001)3} 30U(p <0.001)s) = &=+ 2% A
AA] B Aes Esioh HESA 15Y(p< 2|77t 22 H5E Wol s A3e vt
0.05)ll = 52} 1% A7t A4 Hrlelgz, wis E5A 369 wHaSA ]2 Abe] o] Rk A]

Table 3. Sensory evaluation scores of Dongchimi added with various levels of citron

Percentage of citron added

Sensory Fermentation Fovalue
characteristics  period (days) 0 1 2 4 6
10 ’5.00+£0.89 ®450+1.05° ®5.00+£0.63° ©5.00+1.10° *4.50+1.05° 1.15
15 %6.00+0.63°  *5.67+0.82" ®5.75+1.04" **7.00+0.00° *4.67+1.15 3.09%%*
Turbidity 23 %6.00£0.63° *5.0040.63° *7.00+0.63" *7.00+£0.63" *5.00+0.63°  151.36***
30 ’5.00+0.63" **4.83+041° ®6.00+0.63° %6.00+0.63" 55.00+0.89" 4.69%**
36 €2.00£0.63° *°5.00£0.63" ®6.00+0.63" "3.00+0.63° '1.17+£041°  169.72+**
F-value 3.75%%* 1.74 5.11%** 29.13%+* 16.95%**
10 7500141 *%5.004+0.89" *6.00+0.63" 595.50+1.05° **5.00+0.89° 1.18
Fresh 15 25.67+1.03°  "4.67+1.63° "4.67+1.63° *%6.33+1.03° “6.33+1.03° 2.46
radish 23 %6.00£0.89"  %6.00+0.63' *7.00+0.63 “6.67+0.52° *6.00+1.41° 1.72
odor 30 A5.00£0.63°  %6.00+0.63° *7.00+0.63" **6.00+0.89" *85.00+0.89° 7.50%*
36 A5.00+0.63°  *6.00+0.63° *7.00+0.63" ©5.00+0.63  ®4.00+1.26 12.19%**
F-value 1.43 271 7.42%* 3.62% 4.10*
10 P450+1.05° "4.50+1.38° “4.00+0.89" ®4.50+1.38 *5.00+0.89° 0.58
Fresh 15 %6.00£0.89° %6.67+£0.52" P6.00+£1.26° %6.00+1.26"° *5.67+1.63" 0.58
sour 23 *5.00+1.41"  *7.001£0.63' “7.00+0.00° “°5.0040.63° 46.00+1.41% 6.25%*
odor 30 #4.00+0.63°  "6.00+0.63° P6.00+£0.63' ®4.00+0.63° **5.00+0.89" 12.50%**
36 3.00+£0.89" "4.00+£0.63° 4.00+0.63° °4.00+£0.63°  "4.00+0.63° 2.50
F-value 7.35%%* 15.64%** 16.87*%* 4.47** 2.65
10 *4.50+0.55°  #6.00+0.89" *5.50+1.38 *5.50+1.38 *5.00+1.90° 1.15
Sour 15 #533+£1.03"  *6.00+0.63* "5.00+0.89" “*5.00+1.79" *4.33+1.03" 1.68
odor 23 %5.0011.26° *°5.001+0.63' *6.00+0.63° *6.00+0.89° 46.00+1.41° 1.32
30 #5.00+0.63° "*5.00+0.63" *6.00+0.63" “6.00+0.63* *5.00--0.63 4.50%*
36 P3.001£0.63°  "4.00+0.63" *5.00+£0.63" 54.00+0.63° *4.00+0.63" 7.50%**
F-value 6.81%%* 5.26%* 1.92 3.13% 0.89
10 54.00-£0.89" ©4.50+1.38" B6.00+1.10° ®6.00+0.89° *86.00+1.10° 4.83%*
Mold 15 46.67+0.52°  *7.00+£0.00° *7.00+0.00° *7.00+0.63* *7.00+0.63" 0.62
o dmy 23 f5.00+0.63°  °7.0020.63" *7.00+0.89" *%6.67+0.52" *%6.00+0.63 7.79%**
30 54.004£0.63°  ©6.00£0.63" "6.00+0.63* 26.00+0.63* B5.00+0.89" 875+ **
36 €3.00+1.26" °5.00+0.63° °5.00+0.63" “4.00+0.63* ©3.00+1.26° 6.82%*
F-value 16.63*+* 9.68%** 7.50%%+ 17.94**+* 15.68***
10 ¥5.004£0.63" *5.00+£1.10° 4504055  °5.00+0.89°  5.00+1.79° 0.26
Fresh 15 "6.671£0.52°  6.00£0.63" %6.33+0.52° *%6.3310.52° 46.3310.52° 1.14
radish 23 "5.00+1.41"  *6.00+£1.41° *7.00+£0.89° *7.00+0.89° *6.00+0.63" 3.50*
taste 30 €4.00£1.41°  *5.00+0.63" 56.00+0.63' %6.00+0.63° 5.004-0.63" 5.83%*
36 *%6.00+0.63"  *6.00+1.41" *7.00+0.63* 5.00+0.63" *5.00+1.41" 4.04*
F-value 6.25%* 1.50 14.62+** 8.50%** 2.02
10 P350+1.38"  A5.00+1.10° “350+1.38 P4.17+1.60° ®4.50+2.26 1.00
Carbonated 15 %6.00+0.63"  *5.67+0.82° "6.67+0.52° *6.00+0.63" *6.00--0.63" 1.88
4 aste 23 25.00+£0.63°  *6.00+:0.89° *7.00+0.89° “6.83+0.75° *6.00+0.63° 6.46%*
30 #5.00+0.63°  #6.00+£0.63° “7.00+£0.63 *7.00+0.63" *6.004+0.63" 10.50%**
36 %5.00+1.41°  °4.00+0.63" 55.00+0.63° °4.00+1.26" ©3.00+0.63" 4.37%%x
F-value 4.71%* 6.25%* 19.03%** 11.19%** 8.06%**
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Table 3. Continued

Sensory Fermentation Percentage of citron added
characteristics  period (days) 0 1 2 4 6 F-value
10 AB517+0.41°  ®4.00+2.19° 3.50+1.64° **3.50+1.64° “4.50%1.64' 1.16
S 15 A567+1.21°  "6.67+0.52° 5.00+£1.26" 5.33+225% *367+1.51° 3.34%
ta‘;‘t‘; 23 ABS 00+1.26°  %6.00+1.41% *7.00+0.63°  5.00+0.63" *3.00+£126°  11.00%**
30 ®4.00+0.63 *P5.00+0.63" “®6.00+1.41° *5.00+0.63" *3.00+1.26° 8.13%**
36 285 00+0.89°  "4.00+1.26" 55.00+1.41*° °3.00+1.26"° *4.00+1.26" 2.76*
F-value 2.48 4.71%* 5.86%* 3.21* 1.30
10 ®4.00+0.89° ®4.50+1.38 P350+1.38 ®5.00+089 ®4.50+1.38 1.34
Mold 15 AM00+£0.63°  %6.67+0.52*° *7.00+0.63" *7.00+0.63° *6.67+0.52° 0.58
tastey 23 85.00+0.63° B5.00+0.63° *7.00+0.89° *7.00+0.89" P5.00+1.41" 8.18%**
30 B5.00+0.63" ©5.00+0.63° “6.00+0.63° **6.00+1.41° "4.00+0.63" 5.83%*
35 84.00+1.26° ®5.00+0.63% *6.00+£0.63° 55.00+1.41" °5.00+0.89* 2.88*
F-value 12.50%** 6.14%* 15.77%** 5.00%* 5.62%*
10 485 00+0.89" %4.50+1.38° ®4.50+055 ©4.00+0.89" °5.00+2.19° 0.61
15 46.00+0.63* *7.00+0.63* *7.00+£0.63* *7.00+0.63" *7.00+0.63 3.00*
Fracturability 23 B4004+1.26" %6.00+0.63° %6.00+£1.41° *%6.00+0.52° °5.00+1.26% 4.00*
30 B4.00+1.26" %6.00+1.41° *6.00+1.41° ©5.00+0.63" 75.00+0.63* 3.28*
36 46.00+0.63°  “6.00+0.63° %6.00+0.63" *°6.00+1.41* **6.00+0.63 0.00
F-value 6.25%* 4.71%* 4.71%* 9.75%*x* 3.16*
10 4550+0.55" "5.00+1.10° °4.00+1.10° "4.00+1.10° ®4.50+2.26 1.42
15 *6.33+0.82* “6.33+0.82° "6.67+0.52° *6.67+0.52° *6.33+0.52° 0.47
Softness 23 54.00+1.26° 45.00+1.41* *7.00+0.63* %6.50+0.56" *°6.00+0.89" 8.53%*x
30 B4.00+0.63°  #5.00+0.63° *6.00+1.41° *6.00+1.41° *?6.00+0.63° 4.62%*
36 46.00+0.63*  *6.00+141° *6.00+0.63" *6.00+0.63* **6.00+0.63 0.00
F-value 10.89*** 2.02 9.53%*x* 8.20%** 225
10 AB5.00+0.89°  %4.00+2.19° ®4.50+0.55 *4.50+1.64" *4.50+2.74 0.23
Overall 15 46.00+0.63"  “7.00+0.00° “6.00+0.63" *5.00+141" *467+151° 5.07%*
acceptabilit 23 B4.00+0.63 %5.00+1.26" *7.00+0.89° “6.00+0.89" *4.00+£0.63°  12.75***
P y 30 54.00+1.26° °5.00+1.41° *6.00+0.63° “6.00+0.63° *4.00+1.26" 5.00%*
36 54.00+0.63"  P5.00+0.63" *6.00+1.41° *5.00+0.63" *4.00+0.63" 5.83%*
F-value 6.67%%* 4.09* 6.15%* 1.22 0.26
Y Means +S:D. '

*Means in the same row followed by the same superscripts are not significantly different (**p < 0.01, ***p <0.001).
*Means in the same column followed by the same superscripts are not significantly different (*p<0.05, **p<0.01, ***p<

0.001).
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Fig. 2. QDA (Quantitative Descriptive Analysis) pro-
files of Dongchimi added with various levels of citron
on 10™ day fermentation at 10°C.
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Fig. 3. QDA (Quantitative Descriptive Analysis) pro-
files of Dongchimi added with various levels of citron
on 23" day fermentation at 10°C.
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Fig. 4. QDA (Quantitative Descriptive Analysis) pro-
files of Dongchimi added with various levels of citron
on 36" day fermentation at 10°C.
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Table 4. Changes in non-volatile organic acid of Dongchimi during fermentation at 10°C (mg/100 g)
Fermentation Non-volatile Percentage of citron added
period (days) organic acids 0 1 2 4 6
Lactic acid 1.29Y 1.28 1.27 1.28 1.28
Oxalic acid 0.84 0.85 0.83 0.84 0.92
0 Succinic acid 0.16 0.18 0.17 0.17 0.17
Malic acid 9.89 9.91 9.95 10.02° 10.11
Citric acid 0.74 0.82 0.98 0.95 1.03
Lactic acid 27.60 35.87 37.54 36.87 36.26
Oxalic acid - - - -~ -
23 Succinic acid 0.40 0.44 0.25 0.45 0.47
Malic acid 0.21 0.14 0.20 0.09 0.05
Citric acid 1.01 1.05 1.06 1.01 1.25
Lactic acid 45.51 4211 38.91 39.13 42.28
Oxalic acid - - - - -
36 Succinic acid 0.53 0.49 0.45 0.48 0.50
Malic acid - - - - -
Citric acid 1.55 1.50 1.23 1.37 1.52

Y Each value is mean of triplicate determination.
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Fig. 5. Changes in HWSP (hot water soluble pectin)
during fermentation of Dongchimi added with various
levels of citron.

“Means in the same row followed by the same su-

perscripts are not significantly different at 5% level.
*
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Fig. 6. Changes in NaSP (sodium hexametaphosphate
soluble pectin) during fermentation Dongchimi added
with various levels of citron.

“Means in the same row followed by the same su-
perscripts are not significantly different at 5% level.
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Fig. 7. Changes in HSP (hydrochloric acid soluble pec-
tin) during fermentation of Dongchimi added with vari-
ous levels of citron.

*Means" in the same row followed by the same su-
perscripts are not significantly different at 5% level.
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Fig. 8. Changes in SSP (sodium hydroxide soluble pec-
tin) during fermentation of Dongchimi added with vari-
ous levels of citron.

“Means in the same row followed by the same su-
perscripts are not significantly different at 5% level.
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Fig. 9. Changes of hardness during fermentation of
Dongchimi added with various levels of citron.

“Means in the same row followed by the same su-
perscripts are not significantly different at 5% level.
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