J. Korean Soc. Food Sci. Nutr.
30(6), 1060~1067(2001)

2l -

ER

i
*(
L

& frst

A Fd ol A

Physicochemical and Sensory Properties of Kakdugi Added with
Various Thickening Agents During Fermentation

Hye-Young Kim, Bong-Chan Kim* and Mee-Ree Kim**'

Dept. of Food and Nutrition, Seoul National University, Seoul 151-742, Korea
*Samyang Genex Corporation, Seoul 110-725, Korea
“*Dept. of Food and Nutrition, Chungnam National University, Daejeon 305-764, Korea

Abstract

Effect of various thickening agents on kakdugi fermentation was investigated by measuring physicochemical
and sensory properties during fermentation at 20°C. Paste of seven kinds of thickening agents (wheat flour (WF),
waxy rice flour (WR), corn starch (CS), acid modified starch (AM), acetylated distarch adipate (AA), hydroxypropyl
distarch phosphate (PP) and xanthan gum (XG)) at 0.25% concentration was added to kakdugi. Total acidity
during fermentation was not different among thickening agents, but slightly lower in XG than control at the
7th day of fermentation. At 0 day of fermentation, free sugar amount were higher in thickening agent addition
groups than control, but rapidly decreased to below control at the 7th day of fermentation, except XG. Glucose
and fructose which were the major free sugars, decreased rapidly during fermentation, whereas mannitol increased
in all samples. Viscosity of kakdugi liquid was much higher in thickening agent addition groups than control
at 0 day of fermentation, but rapidly decreased from 1 day of fermentation. However, initial viscosity was maintained
only in XG. Hardness at the 7th day of fermentation was higher in WR, PP, XG than control. The result of sensory
evaluation shows that there were no significant difference in sour odor, sour taste and savory taste among samples.
Moldy odor was higher in WR, WF and AM, but was not significantly different in XG, PP, AA compared to control.
Viscosity of XG and PP, and starchy taste of XG were higher than those of control. Overall preference of XG, AM,
PP were not significantly different from that of control. Xanthan gum was considered to be a good thickening agent
for kakdugi but it is necessary to find a minimum concentration for kakdugi since starch taste of xanthan gum.
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Table 1. HPLC condition for free sugars of kakdugi

Instrument: Pump: Waters millipore 510
Autosampler: Waters 717 plus
Detector: Waters 410 Differential Refractometer
Integrator: Waters 740

Column : Biorad Aminex 87C (7.6 mm id. X30 cm)
Temp 1 85°C

Solvent  : Deionized & degassed water

Flow rate : 0.6 mL/min

Injection volume: 20 nlL

Table 2. Condition of texture analyser for texture profile
analysis

Sample rate 400 pps
Force threshold 0g

Distance threshold 05 mm
Contact area 38.47 mm®
Contact force 50 g

Pre test speed 10 mm/sec
Post test speed 10 mm/sec
Test speed 10 mm/sec
Strain 75 %

Time 0.5 sec
Trigger type Auto @ 20 g
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Fig. 1. Changes in pH of kakdugi added with various thick-
ening agents during fermentation at 20°C.

#: control, +: waxy rice flour, A: wheat flour, *: acetylated distarch
adipate, O: acid modified starch, & corn starch, At hydroxypropyl
distarch phosphate, (J: xanthan gum.
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Fig. 2. Changes in total acidity of kakdugi added with var-
ious thickening agents during fermentation at 20°C.

&: control, +: waxy rice flour, A: wheat flour, *: acetylated distarch
adipate, O: acid modified starch, <! corn starch, A hydroxypropyl
distarch phosphate, [1: xanthan gum.
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Table 3. Soluble solid content of kakdugi during fermentation
at 20°C

Fermentation period (day)

Kinds of thickening agents

0 3 7
Control 4.4 34 2.6
Waxy rice flour 59 2.4 4.2
Acid modified starch 35 34 42
Hydroxypropyl distarch 6.5 4.0 24

phosphate

Acetylated distarch adipate 53 3.2 3.0
Xanthan gum 5.8 37 2.0

Yprix, Repoted values are means of three replicates.
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Table 4. Changes in the amount of free sugars of kakdugi during fermentation at 20°C
Kinds of thicken b D Free sugars (mg/100 g)
t! t ays
inds © ickening agents Unknownl Unknown2 Disaccharide Glucose Fructose Mannitol Total
0 227 129 0.7 13.2 153 ) 443
Control 3 1.0 26 0.2 59 5.0 52 199
7 0.2 3.2 = 2.0 2.5 6.3 14.2
0 2.4 14.3 2.8 15.0 15.0 - 495
Waxy rice flour 3 0.6 2.0 05 4.5 34 4.1 151
7 04 16 0.2 15 1.8 4.1 96
0 2.6 12.2 3.7 14.1 16.3 - 489
Acid-modified starch 3 0.6 2.1 0.4 4.2 3.3 42 14.8
7 0.2 1.1 - 1.8 1.0 1.3 5.4
0 09 8.4 1.8 7.6 8.4 - 271
Hydroxypropy! distarch phosphate 3 05 27 0.3 3.9 2.7 46 14.7
7 05 2.2 - 07 09 5.0 9.3
0 3.4 20.7 4.8 21.1 23.4 - 73.4
Acetylated distarch adipate 3 05 2.2 0.2 44 29 47 149
7 05 25 - 0.2 05 55 9.2
0 0.8 20.5 1.7 20.9 31.3 - 75.2
Xanthan gum 3 0.3 1.7 - 26 2.2 3.0 9.8
7 0.4 2.4 - 4.0 35 4.7 15

YThe final concentration of each thickening agent in kakdugi was 0.25%.

?’Repoted values are means of three replicates.
*Not detected.
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Fig. 3. Changes in viscosity of kakdugi added with various
thickening agents during fermentation at 20°C.

&: control, +: waxy rice flour, A: wheat flour, *: acetylated distarch
adipate, O acid modified starch, ¢: corn starch, A! hydroxypropyl
distarch phosphate, (: xanthan gum.
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Table 5. Changes in texture of kakdugi added with various thickening agents during fermentation at 20°C

Kl;lgjnssfl )thlckerung F.p¥ Springiness Fracturability Adhesiveness Hardness Chewiness
0 Mp.89+0.04*" 19,377+ 2,025 A_479+285° 715,331 £2,133° 1,830 £ 426

Control 3 A0.77+0.16 £04,2331+4,121* A_500+374° A18,779+7,828° 1,162+ 119
5 1076 £.0.27" 6,102+1,437° Bore+13 B4,294£527° 339+ 161

7 40.84 £0.06° £5,182+ 330%™ B_65+33" 9,781 £ 229° 028+ 427

0 40,89 +0.04° $19,377+2,025° B_479+ 285 415,331 £2,133° 41,839+ 426

Waxy rice flour 3 f069£025°  "24527+3520°  B-340+137° “18749%4144”  *1.365+549°
5 £0.78+0.19" 5,439 +729% A-87+59° ¥3,624£712° 5294+ 87

7 40.82+0.29" 6,607 +780° A_gq+49° 4161 + 666 Bogg-+112°

0 40.89+.0.04* 19,377+ 2,025 B_479+ 285" 415,331 +2,133° 21,839+ 426

Wheat flour 3 f069+029"  "25612+3909"  P-387+176"  M8517+1829" M1,311£740°
5 %0.84+0.10" 5,767 £602" A-113+80" 3,800 +892° ¥329+187°

l £0.88+0.02° £5,140 £ 802> 250+ 25 €2 864+ 188 Bo09+ 76"

0 40.89 0.04* 19,377 +2,025° B 479+ 285° 15,331 £2,133° 41,839+ 426

Corn starch 3 20.79+0.20° 726,800+ 6,812" A243+ 68" Me529+1,397%  P1,144+312°
5 %0.71£0.20° 5,122:+477% A_p5+29° 13,220 =796 226+115"

7 20.84+0.08° 4,642+ 447 A60*54 ¥3,103+ 226" €296+ 174°

0 £0.89+0.04° ¥19,377+2,025" B_ 479+ 285 715,331 +2,133" 1,839+ 426

Acid modified starch 3 2071017 “24,617i 1,923 397+ 60° 2800012640 21541 £714°
5 *0.87+0.02* 6,080+ 457 A-73:+28° 4,335 £ 467° P400+173°

7 20.69+0.28* 5,559+ 601°* A 59+ 28" £2,972+581" B19+ 128"

0 £0.89+0.04° 819,377 +2,025° B_ 479+ 285" 415,331 +2,133° 41,839 + 426"

Acetylated distarch 3 f088+003" 2802544084  "-403+284"  "18069+5233°  "1550+594°
adipate 5 2079017 5,986+ 463" A-85+ 36" 3,931 £730° 5279+ 128
7 40.86+0.06° £5,268 +636"™ A-44+ 307 83,200+ 721° B336+125°

0 %0.89+0.04° 519,377+ 2025 B 479+ 285 A15,331£2,133" 1,839+ 426

Hydropropy! distarch 3 40.90+0.02° 724,412+ 2879° B_452+191° 79514+ 2,833 A1,830+ 369"
phosphate 5 20.77+0.23" 5,732 +947° A-g4:+28° ¥4,306 567" ¥388+218"
7 40.77+0.19° 5,058 + 822 A-53+26° 83947+ 377 B408+188°

0 "0.89+004"  P19377+92025°  ©-479+285"  *15331+2,133°  "1,839+426°

Xanthan gum 3 %0.89+013"  "23864+3524"  YC-304%192'  MOT7RBE1Y A1,730+450
5 40.85.0.08" “4614+441° A-57+16° P4 286+ 493° Bogq +51%

7 40.92+0.09* 5,032+ 446° AB_g9+68° B4 208 +351° 5344+ 143"

"The final concentration of each thickening agent in kakdugi was 0.25%.
“Permentation period (day).

3’Any two means in the same column (among fermentation time) followed by the same superscripts are not significantly different
(p<0.05) by Duncan’s multiple range test.
YAny two means in the same column (among treatments) followed by the same superscripts are not significantly different (p<0.05)

by Duncan’s multiple range test.
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Table 6. Sensory characteristics of Kakdugi added with

A&

A%

- 7

gl

el

various thickening agents during fermentation at 20°C

Kinds of ‘ Odor Taste o Texture Over-all
thickening FP” Appearance Viscosity ————————————
agents”’ Sour Moldy Sour Savory Starch Hardness Fracturability preference
0 M35+17" PL9r15Y ‘13109 "L7ELT PL9t15° M8+27"  60+25 M6+12° M6*15 B4l
Contral 3 B4.1t1.5f” %6.1+16" B3o0+18  M0x07 “6.1t1.2j’ 25+14  "33x17 U39+16' *47+15  "60+16°
5 AMoar17® f56+03 B34r1f MOx13 Ms4x16 ME14 833015 Baq44220 PBspr19® Agox 7
7 %2%15" “58+25 A62+20° 641220 A52t05  Bler11®  Msri6” Biti19c B4+190 Fygoio0
Waxy 0 ;3.211.4: j\‘z.1t1.4?b ;o.sto.sf‘ ‘i1.9t2.0f‘ ‘\‘2.4t1.7f“’ ';4,3t1.43:’ 1:5.9t1.9?b ;7,2¢1_2§b ‘:G‘Sil.lf’ “is.stzzf'
rice 3 "46%20 \4A9¢1.7j* /\2.8t2.7." ;6‘8i1.4f‘ X;6.4i1.6i‘b w2.9i1.5?{ 53.7t1.7f‘bc §5.5t2.2“ -Bs.stz.r‘ ‘BG.Sil.G"
four 5 M60%14' B5RE24" 60E17 614220 Pa9ra3® MP3origt Py3eigh P4t or20¢ Mer23
7 %3T11P %2432 Mox200 M2+26 Balt1et 13412 Mi+15 96119 Pestagt C25+13°
0 Bg0z18® B21+17 Clotos  M2x23t B2r1s® M1+t24 %62+12° M6+13° M2+150 B33k14
Wheat 3 %2117 “eex23 M35x21*  A57+18 Ma1420°  M1x210 A51x20® Pi5r18 H2r1s B56+15°
flour 5 %9124 "62t21* Y6417 60128 P340 M43x050 Myg409® Pigr1gt 3017 B35405°
7 M2t18 M1+32° %3124 67200 Pa0t26' P13z P3er21® Co3+22° 33240 PRl
0 M4x20° 2415 1311 23423 B2t23 524290 5118 M72t19Y M2+11® 44103
Corn 3 f51+19% 541150 98115 %3+23 59423 Pogr17®  M49129° 48123 B47+24 A56120
starch 5 M7t21° fs2+14° B50223™ e4+17 M51x02°  B3qnoo™ M3g17* B41+190 B53x17 M414os
7 Msex18 M5126 Mot30t %3133 M4a+o2® G5x13r Ba7r1ed C92x23% B4ot03t PogrpoP
Acid 0 37157 "24xl3) Mlodllt MI7ELA CL8EL2 MOELGY MGE2L U69X08° M1xlpt '39r1d
modified 3 15'1“4:, 52422% 1;2'“1'31, ‘A6.5i1.7i’ ‘BS.GtZZ“b A2.8i2.2f‘bc ; 5.2t1.3fhc B4.7i1.6j‘ C4.8i1.7:c B6.5i1.4j'
starch 5 %63+14® 64119 55017 5Ax1g P3720% Mot20™ M5+23" Paprog Bada) 41422
7 %63%20" fs2+27 V316 65126 M8+t2et (131100 Po7+15® 116 2717 Basro2
Acetylated 0 A§3.412.oj: ‘:2.4r0.9f*b §1.0io.8f‘ f\‘1‘9i1.4? ﬁzamsﬁ’:’ /:4.9t2.9f‘2 A’l:5.6i2.2: *;7.6i1.4f*” ;§7A2t0.9=“3 ’39+19°
distarch 3 h42E18 ;\5.9i1.7é ;B2.8i1.4‘f 1\5,@2,97 ) 4‘9i1.5j‘; ‘33.7i2.2; V3829 B4.6i1.9j‘ B(‘4.8t2.1f’bc 26.1i2.1f
adipate 5 P43t1¢ "52:26 "17 5516 M3+22° 7422 29515 "44426" YB7E1g P40x24
7 %5116 62129 %5t21° 651290 M7+28  Blgr16”  Bo7+o4™ 20113 29+14  P36+15°
Hydroxy- 0 ®38+20® B25+19° C11+08 523218 Boiz14® Me+18° 859+20° "R0r08*  M5r14®  Bpt12°
propyl 3 %3+19° M7£19 411" 58190 “62+220 1324240 56+207 Bagr11* P48*15 6322
distarch 5 f7z15% "58t16° B42+21%  f50t18 MgEa3® B34 17 Aat20™ By7+17 Pagaog® Mpoio3
phosphate 7 "64x18® “58+29" %013 M7ot26 54125 P13+12° Br7x10t “27+23c  C28+23 B45t16t
0 Pog108 Blex10f “13108 Bgt1s Pler17 fe4r21* f67+21° AT2+08° M3+12% B3pi06°
Xanthan 3 B35t14 f52422% C24+11* fe01210 M55+15° a1 M54 Br0+17 BB1t21 %B5t1S
gum 5 A55425% f54+91* Pa+21™ 8541020 Mo Aygrogt Mho+09t Bgetoq  Bg5t1g™ P32+423
7 %114 %127 574200 %69£210 f53+21 B1x19t B45+22" Baex21* Bho+18 P46t

i)The final concentration of
j)Fermentation period (day).

each thickening agent in kakdugi was 0.25%.

‘”Any two means in the same column (among fermentation time) followed by the same superscripts are not significantly different

(p<0.05) by Duncan’s multiple range test.

P Any two means in the same column {among treatments) followed by the same superscripts are not significantly different (p<0.05)

by Duncan’s multiple range test.

T Aoe dzTro o i $4e] g w 3
E FaA T Aol 27 AR E FASEY Axs 54
o] AP A ZFastd ot 3, AA7FEA R, xanthan
gum H7HEE SA4 7o) 2Tl vl & fAAew Eg)k
H(p<0.05). #5AH FAHoz AdA, A%, AR BE
Aol fAl 2ol Hddch FHME 54 5
AR, A7 AbA ] AR Ao a2l vle) folH e
2 Egken, xanthan gum, YAH7FR AR, ZAirolr] Ak
HEL F9H ¢ Aolzt gdvh AR %L xanthan gum *
7bzel £A4 3 o) Fo dEFol vlE foH o Fsirh
(p<0.05). HE+ $40] Al vt Aoz Jobrd
2} Qlabrka AE3} xanthan gum A7 #& frojH o=
sobvh AxE g, ZAatolr] o4k AR, A7t HE A

7hgo] freld 2= yYghar, xanthan gum A7FE-2 54471

& %47
Zho] Aol A wrt EA F-A H A Hp<0.05). AU
NExE 54 7Y 3E, WIkE, S55 HE AHykte] ol
z7o v8 fojA) oz & HeE el a, Ab- e A
2 QA7 AE xanthan gum A 758 o 273} Aol 7}

At

s
=5
t{l_

rok

Ho

1. Kim, M.R., Park, HY. and Chun, B.M. : Characteristics of
kakdugi radish cube by autumn cultivars during salting. J.
Korean Soc. Food Nutr., 30, 25~-31 (2001)

2. Kim, M.R. and Oh, S.H. : Characteristics of kakdugi radish
cube by spring cultivars during salting. J. Korean Soc. Food



10.

11.

12.

13.

14.

15.

16.

HEA A 247718 olstetd - A¥H BA

Sci. Nutr., 30, 819-825 (2001)

. Kim, M.R. and Kim, J.H. : Comparison of spring radish cul-

tivars for kakdugi preparation. Korean J. Soc. Food Sci.,
17, 421-428 (2001)

. Lee, G.C. and Han, J.A. : Changes in physical and microbial

properties of starchy pastes added kimchi during fermen-
tation. Korean J. Soc. Food Sci., 14, 195-200 (1998)

. Kim, S.Y. and Kim, K.O. : Effect of sodium chloride concen-

trations and storage periods on characteristics of kakdugi.
Korean J. Food Sci. & Technol., 21, 370-374 (1989)

. Kim, LH. and Kim, K.O.: Sensory characteristics of low

sodium kakdugi. Korean J. Food Sci. & Technol., 22, 380~
385 (1990)

. Um, J.Y. and Kim, K.O. : Effect of sodium acetate and cal-

cium chloride on characteristics of kakdugi. Korean J. Food
Sci. & Technol., 22, 140-144 (1990)

. Kim, S.Y., Um, J.Y. and Kim, K.O. : Effect of calcium acetate

and potassium sorbate on characteristics of kakdugi. Ko-
rean J. Food Sci. & Technol., 23, 1-5 (1991)

. Yook, C., Chang, K., Park, K.H. and Ahn, S.Y.: Preheating

treatment for prevention of tissue softening of radish root
kimchi. Korean J. Food Sci. & Technol., 17, 447-453 (1985)
Kim, S.D.,, Yoon, S.H., Park, M.S. and Nam, S.: Effect of
subatornospheric pressure and polyethylene film package on
the kakdugi fermentation. J. Korean Soc. Food Nutr., 15,
39-44 (1986)

Yun, JW,, Kim, J.K. and Kim, W.]. : Combined effects of mi-
crowave heating and salts addition on physical characteristics
of kakdugi. J. Korean Agric. Chem Soc., 34, 219-224 (1991)
Kim, J.K., Yun, JW., Lee, J.K. and Kim, W.J. : Combined
effects of salts mixture addition and microwave heating on
storage stability of kakdugi. J. Korean Agric. Chem. Soc.,
34, 225-230 (1991)

Kim, MR, Mo, EK,, Kim, J.H,, Lee, K.J. and Sung, CK.:
Effect of hot water extract of natural plants on the pro-
longation of optimal fermentation time of kakdugi. J. Ko
rean Soc. Food Sci. Nutr., 28, 365-370 (1999)

Mo, EK,, Kim, J.H., Lee, K.J., Sung, C.K. and Kim, M.R.
- Extension of shelf-life of kakdugi by hot water extracts
from medicinal plants. J. Korean Soc. Food Sci. Nutr., 28,
786-793 (1999)

Jung, G.H. and Rhee, H.S. : Changes of texture in terms of
the contents of cellulose, hemicellulose and pectic sub-
stances during fermentation of radish kimchi. Korean J. Soc.
Food Sci., 2, 68-75 (1986)

Jang, M.K. and Kim, N.Y.: Effect of salting methods on
the physicochemical properties of kakdugi fermentation.

17.

18.

19.

20.

21.

22,

23.

24.

29.

30.

1067

Korean J. Soc. Food Sci., 15, 61-67 (1999)

Kim, S.D., Hawer, W.D. and Jang, M.S. : Effect of fermen-
tation temperature on free sugar, organic acid and volatile
compounds of kakdugi. Korean Soc. Food Sci. Nutr., 217,
16-23 (1999)

Kim, M.R., Oh, Y. and Oh, S. : Physicochemical and sensory
properties of kagdugi prepared with fermentation northern
sand sauce during fermentation. Korean J. Soc. Food Sci.,
16, 602-608 (2000)

Yu, J.S, Yu, EH, Yeo, J.H., Kim, J.H,, Ko, K.]. and Kim,
M.R. : Fermentation characteristics of kagdugi added with
various condiments. J. Chungnam Human Ecology, 13, 51—
62 (2000)

Kim, M.R. and Rhee, H.S. : Changes in the factors associated
with decrease of pungency in kagdugi during fermentation.
Korean J. Food Sci. & Technol., 24, 362-366 (1992)
Kim, M.R., Jhee, O.H,, Yoon, HM. and Yang, C.B.: Flavor
characteristics of kakdugi by radish cultivars and seasons.
Korean J. Food Sci. & Technol., 28, 762-771 (1996)
Ryu, K.D., Chung, D.H. and Kim, J.K. : Comparison of radish
cultivars for physicochemical properties and kakdugi prep-
aration. Korean J. Food Sci. Technol., 32, 681-690 (2001)
Lee, G.C. and Han, J.A.: Changes in contents of total vi-
tamin C and reducing sugars of starchy pastes added kirm-
chi during fermentation. Korean J. Soc. Food Sci., 14, 201~
206 (1998)

Lee, HO,, Lee, H.J. and Woo, S.].: Effect of cooked glu-
tinous rice flour and soused shrimp on the changes of free
amino acid, total vitamin C and ascorbic acid contents dur-
ing kimchi fermentation. Korean J. Soc. Food Sci., 10, 225~
231 (1994)

. AOAC : Qfficial Methods of Analysis. 15th ed., Association

of Official Analytical Chemists. Inc., Virginia, p.918 (1990)

. SAS: SAS Users Guide. Statistics version 6.12. SAS In-

stitute Inc., Cary, NC (1997)

. Mheen, T.I. and Kwon, T.W. : Effect of temperature and salt

conentration on kimchi fermentation. Korean J. Food Sci
Technol. 16, 443-450 (1984)

. Ha, J.H., Hawer, W.D., Kim, Y.J. and Nam, Y.].: Changes

of free sugar in kimchi during fermentation. Korean J. Food
Sci. Technol., 21, 633-638 (1989)

Oh, Y.A and Kim, S.D.: Changes in enzyme activities of
salted Chinese cabbage and kimchi during salting and fer-
mentation. J. Korean Soc. Food Nutr., 26, 404-410 (1997)
Pettitt, D.: Xanthan gum. In Food Hydrocolloids, Glick—-
sman, M. (ed.), CRC Press, Boca Raton, FL, Vol. I, p.127-
149 (1982)

(20014 9¥Y 24 AH%)



