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Abstract

In this study, we produced kimchi with cooked Dioscorea batatas yam based on the its outstanding nutritional
value, biological activity, and pharmacological action. Sliced kimchi cabbage, processed white radish kimchi
(kkakdugi), and whole kimchi cabbage were prepared with 3% Dioscorea batatas, and the physicochemical
and bioactivity characteristics were analyzed. In three kinds of Dioscorea batatas. The pH of the kimchi
decreased and its acidity increased as the storage period was extended. The period of the maximum total
viable cell count of the sliced cabbage and the processed white radish kimchi (kkakdugi) was 14 days, while
the period for whole kimchi cabbage was 21 days. The period of maximum lactic acid bacteria count was 14
days for all three kinds. For physiological activities, polyphenol and flavonoid contents and DPPH elimination
were highest immediately after production of the kimchi. Also, anthocyanin content increased as the storage
period extended. The pH, acidity, total viable cell count, lactic acid bacteria count, and physiological activities
were shown to be different according to the type of kimchi and the storage period.
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Table 1. The Ingredients Ratio of Kimchi Prepared with 3% Dioscorea batatas.
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DCK DRK DCPK
Ingredients W::Sht R(E/t(:; Ingredients W?;‘(;ht R[:Z;) Ingredients W;;'(;ht R(:E;
Salted kimehi cabbage (80.97%) 1000 8097 Salted raddish (87.56%) 1000 8741 Salted kimchi cabbage (72.9%) 1000 729
Seasonig (19.03%)  Sliced raddish - - Seasonig (12.45%)  Sliced raddish - - Seasonig (31.8%) Sliced raddish 228 166
Welsh onion - - Welsh onion - - Welsh onion 16 085
Cooked rice 20 178 Cooked rice 100 087 Cooked rice 260 189
Muchroom juice 210 170 Muchroom juice 92 080 Muchroom juice 245 178
Cooked Jangma 370 300 Cooked Jangma 343 300 Cooked Jangma 412 300
Raddish juice - - Raddish juice - - Raddish juice 445 324
Red pepper powder 00 243 red pepper powder 197 172 red pepper powder 460 335
Salted shrimp extract 412 334 Salted shrimp extract 131 1715 Salted shrimp extract 403 2%
Salt anchovy juicet 412 334 Salt anchovy juicet 131 175 Salt anchovy juicet 403 2%
Salt whole anchovy extract - - Salt whole anchovy extract - - Salt whole anchovy extract 108 079
Crushed galic 198 16 Crushed galic 132 115 Crushed galic 29 167
Crushed ginger 38 031 Crushed ginger 32 028 Crushed ginger 23017
Plum liquid 95 077 Plum liquid 131 115 Plum liquid 194 141
Sugar 95 077 Sugar 131 175 Sugar 194 14
Salt 2 017
Subtotal 235 Subtotal 144 Subtotal 3n
Total 1235 1000 Total 1,144 1000 Total 1372 1000

Note. DCK: sliced Kimchi cabbage prepared with 3% Dioscorea batatas, DRK: processed white radish Kimehi (kkakttugi) with 3% Dioscorea batatas, DCPK: whole

Kimchi cabbage prepared with 3% Djoscorea batatas.
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Table 2. Changes of pH of Kimchi Prepared with Dioscorea batatas during fermentation

Fermented period (days)

Group”

F value

0 28
DCK 6.1240.122% 4431022 4044017 12139
DRK 6.00+0.20° 452+022° 4.38+0.23" 98.92"
DCPK 6.18+0.50° 4.92+090° 4.41+0.92" 7.83

Note.” See the legend of Table 1.” Mean+SD (N=3). ?Values in the same column with different superscript letters are significantly different at p<0.05.
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Table 3. Changes of acidity of Kimchi prepared with Dioscorea batatas during fermentation (Unit: %)

Fermented period (days)

Group” = T F value (p value)
DCK 0.21+0.03" 0.6240.13" 0.83+0.00° 492.25”
DRK 0.21+0.04° 0.56+0.11° 0.63+0.00° 30651
DCPK 0.2140.04° 0.52+0.00" 0.88+0.13° 153.45"

Note. " See the legend of Table 1.
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Mean+SD (N=3). *Values in the same column with different superscript letters are significantly different at p<0.05.
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Table 4. Changes of Total Bacteria Cell Count of Kimchi Prepared with Dioscorea batatas during Fermentation (Unit: CFU/g)

Fermented period(days)

1)

Group 0 ; 2 28 F value (p value)
DCK 0.42+0.002” 1.30+0.019° 7.20+0.026" 11.0£2.00° 6.10+0.024" 68.32"
DRK 0.036+0.001° 0.51+0.061° 1.40+0.086° 0.76+0.098° 0.56+0.034° 165.59"
DCPK 0.0075+0.001° 0.083+0.010° 1.30+0.150° 3.10£0.174 0.85+0.007° 40961

Note. "See the legend of Table 1. ” Mean+SD (N=3). ?Values in the same column with different superscript letters are significantly different at p<0.05.

Table 5. Changes of Lactic Acid Bacteria Cell Count of Kimchi Prepared with Dioscorea batatas during Fermentation (Unit: CFU/g)

Fermented period(days)

1
Group L 0 ; " by 28 F value (p value)
DCK 0.45+0.0317% 1.1040.158° 3.90+0.150° 2.60+0.260° 1.2040.175° 19632
DRK 0.087+0.006° 0.56+0.036" 0.69+0.003° 0.32+0.026° 0.037+0.0008° 41703
DCPK 0.010+0.0009° 0.080+0.003° 1.30+0.110° 021+0.019° 0.087+0.007° 34462

Note. " See the legend of Table 1.
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Mean+SD (N=3). ?Values in the same column with different superscript letters are significantly different at p<0.05.
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3], AEAlel de] E32% polyphenol SFha-o: thfRt 20}
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Note. DCK: sliced baechu cabbage Kimchi prepared with 3% Dioscorea batatas, DRK: processed white radish Kimehi (kakttugi) with 3% Dioscorea Batatas, DCPK:
whole baechu cabbage Kimchi prepared with 3% Dioscorea batatas. Bars within different column are significantly different at p<0.05 by Duncan's multiple
range test.

Figure 1. Changes of total polyphenol contents of Kimehi prepared with Dioscorea batatas during fermentation.

2} tHAMEER free radicalsS AIARHCZM AF L9 flavonoids 9= 7214121 2kol7F IQIt), mimizi=| o] A
5= oAoto] EAJAA] A7 W AGtH AEYAE wlol g & 100 g flavonoids TR T 215 ]L 14.96 g, 14Yo)=
of, o, Tt W AT VIS HRt e olske 3,43 g, 210z 4.08 g oItk vHZH719] flavonoids R
5o AelgAdEdR AdHAHCheng et al,, 1993; Koshiura — ©F 2150ll= 13,76 g, 14Y40o= 2.09 g, 21Yofl= 3,30 g 1%
et al., 1985; Liu et al., 2005; Madsen et al., 1996). T3+ A o}, upE 7 e % 9] flavonoids e+ et AlSofl= 15.00 g,
TR ErERoIU AeAER AYS drteke] Azt vl 14Yofl= 4,35 g, 210ll= 8,87 g ©] it

EEo.

A A1€] polyphenol FHd=> S7HE|loH, L A7) H<t Al 14 U] o] Qi Aeled E2o) Mok w5, a2, v
A o]5of dojytriar HAskItHMoon & Lee, 20115 Park et AR ol S5, 719, 2 A7), A 9 717k 7
al., 2010). Kim¥} Kim (2003)2] Q=rollA 219 A<:7lefl & 2h 5 oozt alof wheh & Jaks W A= YehidthSelma
polyphenol §FgS Z7Igkcal Haisleieh 71 o] 8= phenolic et al., 2010). 7x|2] A& E2 HIE Grdls 50

sHoR

acidZ} vAE HEg- o] phenol®] ethyl 1= vinyl =415 Jung 5(Jung et al., 2014) A¥F AF7A] Bt {57

Adelr] Wlimos AYsielet, T1euf o]k ANtEAl et AR R s A5R]9] & polyphenol} flavonoids $FO] 4=
ekt 712 A 3 4= glovt i Atellale 3 mRIAl ke, Auk dRFIA] 9 {70 IR R A 279} ]
polyphenol $&F ¥ish= JHX= W A5 o ¢RE, 12jal Wb WavF AaEHA o] AeedEd el ko] SrIskct
upZHE7]oF v 7 a1 2= 14 o] A ARS HOl Rty L AR E 2] 9yt E5119] F polyphenolt
o}, Rk ©he Aol mpuid R ef vpaEz el %] 1e]ar 14 flavonoids $FFC] 1.5~3812] S7HAIE Holch ELt %] 2] F4
Uoll= mzHR7], mHA|, mh27 iS4 A] =S % polyphenol ARSI Bkl Ao ® 15kRo) 9ol 15595 flavonoids
Fpako] =0 2ax]2 nolr) ghefo] b= A= HArK(Sim & Han, 2008), 12Ut 2 <l

FrollA= 71 ATl Fheko] W vpaEr S 2| e} a1}
5. Or2x|2| & flavonoids %.:. = geFo] A2 upzZHEr] A] Tholl §o#Q1 Afoli= gloict,

4Co| A A== BT 3F5F A 9] flavonoids $F HEF ATtollal= 3% vHIAQ] flavonoids SF> HE A19-5E 14
+= Figure 29} Zt} 355 94 Hz‘il et ASEE 149 7] FASH A AARS Below AR 7|7te|| ukE 3% vl
o]

= p<0.05 F==oll A 912191 s slglor 1423t 28 11#]9] flavonoids S BIS3E =2 & B9
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Figure 2. Changes of total flavonoids contents of Kimchi prepared with Dioscorea batatas during fermentation.
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whole baechu cabbage Kimchi prepared with 3% Dioscorea batatas. Bars within different column are significantly different at p<0.05 by Duncan's multiple
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Figure 3. Changes of total anthocyanin contents of Kimchi prepared with Dioscorea batatas during fermentation.
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Table 6. Changes of DPPH Radical Scavenging Effects of Kimchi Prepared with Dioscorea batatas during Fermentation (Unit: %)

Fermented period (days)

Group”
0 day 14 day 28 day F value
DCK 71.77+8.89% 37.84+1.03" 30.54+094" 523"
DRK 68.66+1.19° 41814078 29.6140.55° 1546.7.02"
DCPK 66.14+1.57° 39.60+0.68" 28.52+1.45° 680.2"
BHT 89.91+0.16 76.99+1.38 81.21+5.41

Note. " See the legend of Table 1. ” Mean+SD (N=3). ”Values in the same column with different superscript letters are significantly different at p<0.05.

anthocyanin A2=0] ]z LRt 2

ATk, ERL, Yang 5-(2005)2 v, 214 fafja= !
Aok S-S 20T ollA] <sAA) 7 HA] 2£74%E anthocyanin $15F

in 7}
2 ApAeFulaEol| Al =okom, HljS=eL SlAekulSRol A= vl et §F
S Beleh Sk ohue 4 29 = 3 ol i A
o] Ao} w7 || & anthocyanin $F&F] 57} dAto] kel
on oli= &/do] Kol whet njgEe] ol 22 o] A%t
anthocyanin A7} ] Elo] 22 855 A= sll4s}9l

2 Atol| A= A% 711kl whE anthocyanin®] $F Ho} &F
g W ohE A YRt 11 71 AgekekA ARE 4= 3l
U 3% v A2 anthocyanin 9 HEk= v A= H
e kst 289 il 57 S Wt upET]

Al AR 2897 ST Wl 149 Har g
= Hdek Zeu mpruiE Aol = we 5
140‘01] A7 28l XL 2 TRk Bol), ulebA]

5t WA 9] anthocyanin 9Fg A7 717ke] A4 570,
HPEW ol wheh 2L F7RAS TR A0 R YEpyiTt,

7. DPPH radical 2715

4coA A== w8 3% v A9 DPPH £452
Table 63} 7t} 3557 v K5 ARojA A% 7|7to] 24
o]A4=E 7FAsl= ATRS Heoh b A DPPH 4AA%
o T AEo|| 71.77%2 71 =9kon, o= BHAS] 79.8%2]
DPPH 4A%52 ot} 404 A4 5E]= HoF U]—77]—U5.7] 717\]94
DPPH 47]i0] 7}4F =2 tht 21350| 2Jole 68 6% BHA
9] 76,4%2] DPPH 2752 Ht), 4ToA A4 w= FoF o}
783712 2] DPPH A750] 714 30 vht 2]50]| 68.14%
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AR A% 71s7dell gt in viro, MlEAlE W
Ak AE 2 TR Batel] wRE thefk Aot AiEo] Halk

www.fer.or.kr

SICHKIm et al., 2018). wke] 749- d= 9 70% olehE 5=
o] HAkgols W op#Al /\74*4 A kel e g P T
AtHPark et al., 2006). Hwangy} Kw: (2017)% % g

np 2e 7kt Aeknke] DPPH 475
7V foAloR oo, 40% DVEWW-% thz=to] 20u)
L = tthal HArskeiet, of gt Axk= el T3 polyphenol
SlgHEo) o8| v Euk Hrigko] &gk ulel DPPH 4%
o F7Fst e, A% 717ko] Frkstol e thxato] Hls) =
2 27 BsS 7k Awsieint, Kimt Byun (2009)2
19 ethyl acetate 2] F=&=of|4 DPPH 475 H7| A1},
acetoacetate £20] 80.5 ug/mLe] 1C,, 052 =35 A&

]_ Hul 2 U }Eko] =

el gl o, o] ethyl acetate”} T} H3)Eof ujsf Alth 2]
O & polyphenol §FgS LER LR DPPH 4752 ule]

‘gazollAl 71QlRiear =51t

7)#|o A= DPPH radical 47
Jolla R A GPUEE ol8ot =
AJEPHA 243} radical A% APk (HiF7IA] (31

Ui Aok ] e froe

polyphenol

o

radicals 7%= HYtHYang et al., 2005). & 5to| A= 3
7 UH219] DPPH radical 22752 B 250l 7H8 w2 &
A4S BYom T o]Sofli= IadAls Bt W A% 2

A= v A= BHTE] 79.8%, W27 = 76.4%, Z12]al vl
7SR 68.14%5 v A], npZE7] vz 7 iS4
o= o S Kol

10 =2 =1
uho] i

3%(w/w)= SFo] npklA], w7, mRZ RS s v

& ST el T4 I, G o Relg S B
1

Vol.59, No.2, May 2021: 275-286 | 283



fer Family and Environment Research

npziz)] olstshAl Wl e EAS BAERIC 335 v
Z]2] pH A= #4177
oA 28%ef| w61
4,38, “12)aL 7

~
N
o
N o
2
X
>

20114 4.04, mtz T7]L 6.18]4]
Rz A A= 6.18004] 4,412 HojHleh, 4]

O] A7) ZJHl= pH 4.0~4.5 HLIQIE] A7 14%0llA 287t
| TR eF vp2E7 = A7) pH AdEfe] 9l e, v vl
A= v AAEG /o] AdEl= 2he W = Ql8le 3
T AR]9] vpIR] A= A 7]7ko] deojda s SUAIE B
At F Aol 2 Ao A vhzEEr= 140l AR up
Ui xoh vk R A 219), TLela fakEge] o K4
= 3}_3_/] u}7l;<] BT 14010

7] Ao et % Abgoh
Rkl Ao oG s et it
7] Wz} o go] AaEl L0 o A%t

4CoNA AFER= 52Ut 35+ l~7n #] 2] polyphenol & Ha}
A5 o] E] WY 9F mpAEuiAE A=
149 o] FRE Tha FARS E‘i“iﬂr. 3% A2 flavonoids
T2 melom, o] o]fo=
/Joﬂ w2 3F5 A
= Bt} 3FF viAY
anthocyanin C}}%k Hok= A= we "4 SHE S7Tsto]

28 il &

ol o
N o
o,
o=
P o
r (

%k ox
filo
tT
97
o
N
o E?L
)

lo
o
o)
<
@]
]
@]
2
n
ook

HJ
rlo
=
r
ot
4
ﬂ

7
s men] 1 olpols e Ak Hsie) %—;L 4% g
4 e vk A BHTS) 79,8%, n}2HE7 ) 76.4%, 7181
ohE | A 73 4% A, k2] DP:UIHHT%. 2

2O LR 23S My,

wpebA] 2 Aatoll A Azt 3F-R2] 3% v AIE 4TolA
AAIZ B pH, A, & At B fribkts HolEE 2
Ast Axf 1420] 7x] 9] vuka} §ARL
7|2 Bt 3%Fo A= AeEde AVRe

A S it 250]91 9™ anthocyanin $FeF2 28U &2

Ao R,

Declaration of Conflicting Interests

The authors declare no conflict of interest with respect to the
authorship or publication of this article.

284 | Vol.59, No.2, May 2021: 275-286

References

Bonire, J. J, Jalil, N. N. S., & Lori, J. A. (1991). Iron, nickel, copper, zinc
and cadmium content of two cultivars of white yam (Dioscorea
rotundata) and their source soils. Journal of the Science of Food and
Agriculture, 57(3), 431-436. https://doi.org/10.1002/jsfa.2740570314

Chang, S. K. (2007). Fermentation properties and in vitro anticancer
effect of Kimchi prepared with potato. Korean Journal of Food
Cookery Science, 23(2), 227-234.

Chang, J. Y, Choi, Y. R, & Chang, C. C. (2011). Change in the microbial
profiles of commercial Kimchi during fermentation. Korean Journal
of Food Preservation, 18(5), 786-794. https://doi.org/10.11002/
kjfp.2011.18.5.786

Cheng, J. T, Hsu, F. L, & Chen, H. F. (1993). Antihypertensive principles
from the leaves of Melastoma candidum. Planta Medica, 59(5), 405-
406. https://doi.org/10.1055/s-2006-959719

Cho, I Y, Lee, H. R., Lee, H. R., & Lee, J. M. (2005). The quality changes of
less salty Kimchi prepared with extract powder of fine root of ginseng
and Schinzandra Chinensis juice. Journal of the Korean Society of
Food Culture, 20(3), 305-314.

Hwang, H. J., & Kwak, E. J. (2017). Quality characteristics and oxidative
stability of rice Yackwa added with Yam powder. Journal of the East
Asian Society of Dietary Life, 27(3), 304-312. https://doi.org/10.17495/
easdl.2017.6.27.3.304

Jang, K. S, Kim, M. J, Oh, Y. A, Kang, M. S,, & Kim, S. D. (1991). Changes
in carotene content of Chinese cabbage Kimchi containing various
submaterials and lactic acid bacteria during fermentation. Journal of
the Korean Society of Food Science and Nutrition, 20(1), 5-12.

Jo, J.S., & Choi, I. S. (2014). Historical review on the ingredients of
Kimchi. Korean Academy Foodservice Industry and Management,
70(1), 83-98.

Jung, S. J, So, B. O, Shin, S. W., Noh, S. O, Jung, E. S., & Chae, S. W.
(2014). Physicochemical and quality characteristics of young radish
(Yulmoo) Kimchi cultivated by organic farming. Journal of the Korean
Society of Food Science and Nutrition, 43(8), 1197-1206. https://doi.
org/10.3746/kfn.2014.43.8.1197

Kang, D. K, Kondo, T, Shin, J. H,, Shin, H. Y., Sung, J. H., Kang, S. G,, et
al. (2003). Chinese yam necrotic mosaic virus isolated from Chinese
Yam in Korea. Research in Plant Disease, 9(3), 107-115. https://doi.
org/10.5423/RPD.2003.9.3.107

Kang, K. S. (2015). The quality characteristics of Baechukimchi
added with Broadleaf Liriope (Liriope platyphylla). Journal of
Digital Convergence, 13(11), 391-398. https://doi.org/10.14400/
JDC.2015.13.11.391

Kim, B. K, Mun, E. G., Kim, D. Y., Kim, Y., Park, Y. S., & Lee, H. J. (2018). A

www.fer.or.kr



XZ7|7Hof| w2 oKDioscorea Batatas)E &7I5t0 THE ZX|Q| E& EM

survey of research paper on the health benefits of Kimchi and Kimchi
lactic acid bacteria. Journal of Nutrition and Health, 51(1), 1-13.
https://doi.org/10.4163/jnh.2018.51.1.1

Kim, D. M., & Kim, K. H. (2014). Growth of lactic acid bacteria and
quality characteristics of Baechu Kimchi prepared with various salts
and concentration. Journal of the Korean Society of Food Culture,
29(3), 286-297. https://doi.org/10.7318/KJFC/2014.29.3.286

Kim, D. H., Lee, S. M., & Ro, H. K. (2019). Effects of fermented
Dendropanax morbifera extract on the quality of Kimchi during
fermentation. Journal of the Korean Society of Food Science
and Nutrition, 48(10), 1120-1126. https://doi.org/10.3746/
jkfn.2019.48.10.1120

Kim, E. J, & An, M. S. (1993). Antioxidative effect of Ginger extracts. Journal
of the Korean Society of Food Science and Nutrition, 9(1), 37-42.

Kim, J. S., & Byun, G. I. (2009). Making fish paste with Yam (Dioscorea
japonica Thumb) powder and its characteristics. Culinary Science and
Hospital Research, 15(2), 57-69.

Kim, K. H., & Park, G. S. (2014). Quality characteristics of Kimchi added
with blue crab. Culinary Science and Hospital Research, 20(2), 246-259.

Kim, K. M., Kang, M. K., Kim, J. S., Kim, G. C,, & Choi, S. Y. (2015).
Physicochemical composition and antioxidant activities of Korean
Dioscorea species. J Fast Asian Soc Dietary Life, 25(5), 880-886.
https://doi.org/10.17495/easdl.2015.10.25.5.880

Kim, M. K., & Kim, S. D. (2003). Fermentation characteristics of Kimchi
treated with different method of green tea water extracts. Korean
Journal of Food Preservation, 10(3), 354-359.

Kim, M. R. (2000). Physicochemical and sensory properties of Turnip
Kimchi during fermentation. Korean Journal of the Korean Society of
Food Science and Nutrition, 16(6), 568-576.

Koshiura, R., Miyamoto, K., lkeya, Y., & Taguchi, H. (1985). Antitumor
activity of methanol extract from roots of Agrimonia pilosa Ledeb.
The Japanese Journal of Pharmacology, 38(1), 9-16. https://doi.
0rg/10.1254/jjp.38.9

Kum, E. J, Park, S. J, Lee, B. H., Kim, J. S., Son, K. H., & Shon, H. Y. (2006).
Antifungal activity of phenanthrene derivatives from aerial bulbils
of Dioscorea batatas Decne. Journal of Life Science, 16(4), 647-652.
https://doi.org/10.5352/JL5.2006.16.4.647

Kwon, J. H., Shim, J. E., Park, M. K., & Paik, H. Y. (2005). Evaluation
of fruits and vegetables intake for prevention of chronic disease
in Korean adults aged 30 years and over: Using the third Korean
National Health and Nutrition Examination Survey (KNHANES
X). Journal of Nutrition and Health, 42(2), 146-157. https:/[doi.
0rg/10.4163/kjn.2009.42.2.146

Lee, J. S, & Choi, H. S. (1994). Characteristics and antioxidant activity
of plant phenolics as a free radical scavenger. Journal of Life Science,
4(1), 11-18.

www.fer.or.kr

Family and Environment Research fer

Lee, K. J., & Kim, H. Y. (2011). The physico-chemical and sensory
characteristics of Kakdoogi containing Hydrangea serrata seringe
extract. The Korean Journal of Community Living Science, 22(2), 211-
222. https://doi.org/10.7856/kjcls.2011.22.2.211

Lee, S. S., & Kwon, D. J. (2015). Quality characteristics of Kimchi with
Artemisia annua extracts. Korean Journal of Food Preservation, 22(5),
666-673. https://doi.org/10.11002/kjfp.2015.22.5.666

Lee, I. S. (1996). Characteristics and functionalities of biologically active
substances from yam (Dioscorea batatas DECENE) (Unpublished
doctoral dissertation). Kyung Hee University, Seoul, Korea.

Lee, Y. H., & Yang, |I. W. (1970). Studies on the packaging and
preservation of Kimehi. Applied Biological Chemistry, 13(3), 207-218.

Liu, R., Ye, M., Guo, H. J., Bi, K. S., & Guo, D. A. (2005). Liquid
chromatography/electrospray ionization mass spectrometry for
the characterization of twenty-three flavonoids in the extract of
Dallberga odorifera. Rapid Communications in Mass Spectrometry,
79(11), 1557-1565. https:/[doi.org/10.1002/rcm.1936

Madsen, H. L., Nielsen, B. R., Bertelsen, G., & Skibsted, L. H. (1996).
Screen of antioxidant activity of spices. A comparison between assays
based on ESR spin trapping and electro-chemical measurement of
oxygen consumption. Food Chemistry, 57(2), 331-337. https://doi.
0rg/10.1016/0308-8146(95)00248-0

Mo, E. K, Kim, S. M., Yun, B. S, Yang, S. A, Jegal, S. A, Choi, Y. S., et al.
(2010). Quality properties of Baechu Kimchi treated with Black Panax
ginseng extracts during fermentation at low temperature. Korean
Journal of Food Preservation, 172), 182-189.

Moon, S. W, & Lee, M. K. (2011). Effects of added harvey powder on
the quality of Yulmoo Kimchi. Journal of the Korean Society of Food
Science and Nutrition, 40(3), 435-443. https://doi.org/10.3746/
jkfn.2011.40.3.435

Moon, S. W., Park, J. E,, & Jang, M. S. (2007). The effects of added ripened
tomato on the quality of Baechu Kimchi. Journal of the East Asian
Society of Dietary Life, 17(5), 678-688.

Namkung, S., Cho, J. H,, & Shin, K. S. (1982). Effect of storage on pH and
the contents of nitrate of various Kimchi. Journal of Nutrition and
Health, 15(1), 39-46.

Oh, Y. A, Kim, S. D., & Kim, K. H. (1998). Effect of addition of water
extract of pine needle on tissue of Kimchi. Journal of Korean Society
of Food Science and Nutrition, 27(3), 461-470.

Park, C. S., Yang, K. M., & Kim, M. L. (2006). Functional properties of
medicinal plant extracts. Korean Journal of Food and Cookery Science,
23(5), 720-727.

Park, E. I, Choi, A. U., Woo, H. J,, Rhee, S. K, Chae, H. J. (2010). Effects
of sclerophyllous plant leaves addition on fermentative and sensory
characteristics of Kimchi. Journal of the Korean Society of Food
Science and Nutrition, 39(4), 580-586. https://doi.org/10.3746/

Vol.59, No.2, May 2021: 275-286 | 285



fer Family and Environment Research

jkfn.2010.39.4.580

Park, K. Y., & Hong, G. H. (2019). Kimchi and its functionality. Journal
of the Korean Society of Food Culture, 34(2), 142-158. https://doi.
org/10.7318/KJFC/2019.34.2.142

Park, S, H., & Lim, H. S. (2008). The correlation of physicochemical
quality index and sensory index of Kakdugi. Culinary Science and
Hospitality Research, 14(3), 136-142.

Park, W. P., Ahn, D. S., & Lee, D. S. (1997). Comparison of quality
characteristics of whole and sliced Kimchi at different fermentation
temperature. Korean Journal of Food Science and Technology, 29(4),
784-789.

Selma, M, V., Martinez-sanchez, A., Allende, A., Ros, M., Hernandez,
M. T., & Gil, M. I. (2010). Impact of organic soil amendments on
phytochemicals and microbial quality of rocket leaves (Fruca saltiva).
Journal of Agricultural and Food Chemistry, 58(14), 8331-8337.
https://doi.org/10.1021/jf1016187

Shin, J. H., Kim, R. J., Kang, M. J., Kim, G. M., & Sung, N. J. (2012).
Quality and fermentation characteristics of garlic-added Kimchi.
Korean Journal of Food Preservation, 19(4), 539-546. https://doi.
0rg/10.11002/kjfp.2012.19.4.539

Sim, K. H., & Han, Y. S. (2008). Effect of red pepper seed on Kimchi

286 | Vol.59, No.2, May 2021: 275-286

antioxidant activity during fermentation. Food Science and
Biotechnology, 17(2), 295-301.

Yang, J. H., Park, S. H., Yoo, J. H., Lim, H. S, Jo, J. S., & Hwang, S. Y. (2003).
Effect of freezing methods for Kimchi storage stability on physical
properties of Chinese cabbage. Journal of the Korean Society of Food
Culture, 18(2), 105-110.

Yang, Y. H., Park, S. H., Ann, S. M., Kim, K. M., & Kim, M. R. (2005).
Physiochemical and sensory characteristics of Mu/-Kimchi (water
Kimchi) prepared with red cabbage. Journal of the East Asian Society
of Dietary Life, 15(5), 574-581.

Yoon, K. Y., Woodams, E., & Hang, Y. D. (2006). Production of probiotic
cabbage juice by lactic acid bacteria. Bioresource Technology, 97(12),
1427-1430. https://doi.org/10.1016/j.biortech.2005.06.018

You, B. R., & Kim, H. J. (2013). Quality characteristics of Kimchi added
with Allium hookeri root. Journal of the Korean Society of Food
Science and Nutrition, 42(10), 1649-1655. https://doi.org/10.3746/
jkfn.2013.42.10.1649

Yu, K. W., Hwang, J. H., Keum, J. H., & Lee, K. H. (2016). Quality
characteristics of Kimchi seasoning with black garlic. The Korean
Journal of Food and Nutrition, 29(5), 677-683. https://doi.
0rg/10.9799/ksfan.2016.29.5.677

www.fer.or.kr



