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Abstract

This study measured the quality characteristics of Yulmu-added kimchi with different manufacturing methods to
present primary data for the food development of kimchi and the optimal Yulmu manufacturing method. pH, salinity,
and soluble solids tended to decrease during the storage period in all sample groups. The chromaticity differed
depending on the mixing ratio of the material, and WYS showed the highest values for all L, a, and b values. Total
polyphenol content and ABTS free radical scavenging activity were higher in the Yulmu-added sample groups than
in the control group. Citric acid was reduced in range in the control group and all sample groups during the storage
period, and lactic acid tended to increase in content in all sample groups. The dietary fiber content was higher in
the Yulmu-added sample group than in the control group during storage. As a result, it was found that Yulmu-added
kimchi had higher total phenol content, antioxidant properties, and dietary fiber content than the control group. YFF,
YF, and WYF were found to be excellent, confirming their nutritional value, and are considered suitable for devel-

oping healthy and functional food materials for kimchi.
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A7} 8o = ¥-o]H(Yoon & Hwang, 2005; Bang,
2008; Chung et al., 2022), AF&E o)X= A&, A=Y,
AgA A, A Foll et oF 30049F2] HA7F Ak
(Jeong et al., 2015).

FEAADTL 20200 WEH S 2H A
7FE 583%E 2015 38.5% thH] 19.8% =713t
HAZ 1909 HaF AR AFFAY)S 201693 62.4 goll
2020 57.6 g2 57 AW 2%°] FAES HoO
Aol (Yu, 2023) A2 4H HFFS /A2 +
A= Ao o] H g sttt

2 74736l tigt #alo] FUtetaA A FAEA
7]3]—0; Oﬂokﬂ 7]-;<] 7]§H 7]——0] U]:/\l—& 7‘J;<]oﬂ s'r_]—
A o] =olX] A (Yang et al., 2021), 21& A=} 7t
NA A771548 AAE 2 AAAE gt Hswrt 2
obA ket AElEde 7Hl 71 AEE HUrs Ax
AF7E o] Fo AL A TtHJeong et al., 2021). AX] F2
54 dA7EReE NEE FEE, £Y FEY(0h et al,
1998), TA|vK(Chang, 2007), 4HMo et al., 2010), =
2 FEZ M (Lee & Kim, 2011), ofZ Yo}, HE, wdx B2
“HKim et al, 2018), "}(Yang et al, 2021) 5= 7}
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E5-(Job’s tears, Coix lacryma-jobi L. var. mayuen(Roman.)
Stapfy= W] 138 2E2AE2 20 2 duix| g &
xatal lon, dotet EXoE 30 £ HFAH
0] #AEo]tiKim & Yoon, 2022). &5 100 gd &3,
cd x Ao S 705 154¢g 32g0 8 B A 5
g2 FEI vwste] w729 Ao th(National
Institute of Agricultural Sciences, 2017). &%= F29] 3
Fol] Rl i e =om, vE B, HE B,
AR, ZF 55 e FHst] SR stal At
] 2% = ARRFAEFCR F2 o] 85O (Park
& Lee, 1999; Kim et al., 2000; Chea, 2007) &%= &-&3}
ATFE0] Bol BT FE &5 A7 AR F
H(Pik & Chun, 1989), ¥4 7](Joung, 1996), = (Lee et al.,
2002), E=(Shin et al., 2003), A¥(Chae & Hong, 2007),
& T}H2] (Chae, 2009), % =7 (Park et al.,, 2011), #lo]Z
(Kim & Yoon, 2022) 5°| UA|¥h oFH &= =jellA A4k
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3kgl®E A & E71HA Fdoll &FF(Yulmu paste),
S5 9H(whole Yulmu steamed), %% & F(whole Yulmu
fried), ¥F=&5F7FH-(Yulmu flour fried), &5 7FH*(Yulmu
flour) &< Z+7F 2.5% HI&E FH7FeE 271704 558 4
oz slgith Table 13 o] Az Z7|HA = Ta
GAsts S8l 24A17F S 20°CollA S48 ARl F 4°C
of ¥ Hate] At ATh(Seo et al., 2018).

Table 1. Formula for making Pogi Kimchi with different manufacturing methods of Yulmu unit (g)
Ingredients CON" YP? WYS WYF YFF YF
Salted Korean cabbage 2205 2205 2205 2205 2205 2205
Radish 300 300 300 300 300 300
Red pepper 120 120 120 120 120 120
Galic 75 75 75 75 75 75
Ginger 6 6 6 6 6 6
High fructose corn syrup 30 30 30 30 30 30
Salted shrimp 18 18 18 18 18 18
Salted anchovies 51 51 51 51 51 51
Leek 30 30 30 30 30 30
Sweet potato 30 30 30 30 30 30
Chestnut 18 18 18 18 18 18
Shallot 30 30 30 30 30 30
Salt 9 9 9 9 9 9
Yulmu 0 75 75 75 75 75
DCON: Control

YP: Kimchi added 2.5% Yulmu paste

WYS: Kimchi added 2.5% whole Yulmu steamed
WYF: Kimchi added 2.5% whole Yulmu fried
YFF: Kimchi added 2.5% Yulmu flour fried

YF: Kimchi added 2.5% Yulmu flour

2YP: Made of 2.5% Yulmu flour with 7.5% water, boiled in hot water for 3 minutes.



pH, +£, 8=, 7184 DHE g2t 55

pH= pH meter (Ecoscan pH6; 128689, EUTEOH
INSTRUMENTS, Singapore)2 ©]-&3te 27171%] 9, &
7], FdS #AsFet Al ® 25 mLE &3t g3t

TES AR 2g5 B2 F A9 £E FH7I(ML-50,
A&D Company, Tokyo, Japan)E 33 WkE o]&3lo] =4

sttt A= 9 /M8 1w R A7 AR ImLE
¥ =A(TM-30D, TAKEMURA ELECTRIC WORKS LTD.,
Tokyo, Japan) ¥ =44 T=Al(Atago PAL-1, Atago Co.,
Tokyo, Japan)= =78 5}t

M
A
A

A=A (CR-0, Minolta Co., Osaka, Japan)& A&
kel L 4F ("%, Lightness), a 4% (3%, redness), b %t
(A=, yellowness)S 2t A 8% 33 Wb 4 s613]or
FF BATHL=96.68, a=0.26, b=1.89)2 o3t} =73
Elsi= g

& Zon)s e &1
Z ZY¥E &HS =437 98 Folin-Denis ¥
(Singleton, Orthofer & Lamuela-Raventos, 1999)S H 3 5}
o] ZA3IATE AAARE 50 uLoll 10% Na,CO, &l (wiv)
100 uL H7Fek 3 Aol X5k % 50% Folin-Ciocalteu’s
reagent S0 mL T3t § oA 60 & RESAI7]AL &
44 =7 (Multiskan SkyHigh; Thermo Fisher Scientific, Inc.
Spain)E ARE-3Fe] 750 nmollA S E=E SA I ol
Z s =9 T2 gallic acid (Sigma Aldrich
Co., MO, USA) H &l o]ate] 4F&313 thimg GAE/L).

ABTS Z2|C|Zt A &S =X

AX A& ABTS RadicalS ©]&3l girksld =42
ABTS cation decolorization assay WS 435t A3k
=

%At 7mM ABTS 893 2.5mM potassium persulfateS
95:5 (Vv)Z T3] A2l Al 24A]7F v ]
ABTS radical (ABTS+)S W&, ABTS radical2 732
nmol A 0.7+0.02¢] FF%E ol HES 34 ske] ABTS
g oz AFEFITE 96 well plated] ABTS+ &940] 50 uL
o} Fxd 343 Alg S0uLE 4L 6% B e &
3433 = A|(Multiskan SkyHigh; Thermo Fisher Scientific,
Inc. Spain) 732mnmellA FFEE ZAH3ATH A 79
ABTS radicacal 227 42 A9 M=o 53
=& T3l HEE (%)= FAES

&

w0 e 5
714 BA1S Ultimate3000 (Thermo Dionex, USA)
HPLCE A}8-3le] UV-detector (ERC, Refracto MAX 520,

Tokyo, Japan)Z 210 nmol|A4] #2931t} Columne Aminex

7F A9l #4454 245

87H column (300 x 10 mm, Bio-Rad, USA)S Al-&3}%12S
™, o]%4 001N H,SO, (Fluka, USA), column &%
40°C, % 0.5 mL/minC g 3R em, A 8E 10uLs F

Qiskel 2739t

= AE 10mLE HA Y93 S/RTE
100 mL¥ H71skdct. o]& 7HzF 20 mL¥ F3ske] 50 mL
o] measuring flaskol] 23, oA EARG-S 1 mL 7138 3
1027 W3 o, 10% (w/v) Na,CO, 1 mLE 3 7}3}e]
ekt Al E 1 mL¥ # 3 o2 0.45 um membrane
filter® ¢33} ¥ HPLC (model 655A-11, Hitachi, Ltd.,
Japan)& AFE-3191 1, Columne Inertsil ODS-3 (5 pum, 5.0 x
250 mm)Z, Column®] &%+ 35°C, ©]F542 acetonitrile:
10mM KH,PO, (10:90, viv)& AL&-8lth 283 &<
0.9 mL/minZ 3}%].2™, UV-detector (Shimadzu SPD-10
AVP)Z 280 nmol|4 =35t

Hell o3t g aFEH
o= ZMA]E 1g& 7tz 30+7¥ 1A o} A (o-
amylase), 257 ZZH o} (protease), 3THA OFUZFFEF

Al THA] (amyloglucosidase) A4S sle], Z&, Thuld, A
W 5E Bt SFFE o3ste E‘ﬂ =4 e
Z+e] E(Insoluble Dietary Fiber, IDF)S 78% &3} oA
EoZ AlF3tA 105°C Ax7]e] BAXL, TF7 °ﬂ o} 25|
of IYE N2 LZFZ o]&ste] IR F HE o3st
o] 78% &EF3} olHELZ AMFH3E o] E(Soluble Dietary
Fiber, SDF)& 105°C AZ7|oAM AZAZTE 2] A&

of thall 33 wd s e BAseH, T 4

] J5-(Total Dietary Fiber, TDF) & 3-2 IDF, SDFS] %t

< 27t et F ks gete] AbEskith

Al A2

EE A #2492 SPSS (Ver. 23.0, SPSS Inc., Chigago,
IL, USA) Z2a3& Algsle] AA AL, 2+ A 59
el 7ee Had RFAAE YRR A TE One-way
ANOVA (analysis of variation) ¥4 % Duncan’s multiple

range test® ©]§-3t0] 2122l Aol & PF 3Nk

pH, T2, &, 7184 &= &g 24
) Z(control)3} Xﬂi s 2 &

o A7 0, 7Y, 142)ell WE pH, %, 9, 7t
4 AT 54 734# Table 29} 7

£ oYt 4.99+0.172 A|E Fof 7
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Table 2. Changes of pH, Moisture content, Salinity content, and “Brix content in Pogi Kimchi with different manufacturing methods
of Yulmu during fermentation periods

Day 0 Day 7 Day 14
CON 4.95+0.15"2 4.1940.17° 3.92+0.02¢
YP 4.99+0.17¢ 4.42+0.07¢ 3.86+0.01°
WYS 4.97+0.15% 4.25+0.04¢ 3.80+0.01°
n WYF 4.86+0.12* 4.11+£0.01* 3.76+£0.03*
p YFF 4.86+0.15* 4.18+0.02° 3.994+0.01°¢
YF 4.96+0.10° 4.17+0.02° 3.91+0.02¢
F value 46.535") 29.981"" 66.987"""
P value .000 .000 .000
CON 85.16+0.06" 87.24+0.09° 88.84+0.05"
YP 87.72+0.07¢ 86.73+0.13¢ 85.36+0.06°
WYS 85.10+0.09" 83.20+0.02* 88.40+0.02¢
Moisture WYF 86.35+0.34°¢ 87.51+0.02f 84.88+0.03*
(%) YFF 84.13+0.03* 85.64+0.03° 88.26+0.02¢
YF 88.65+0.04° 86.11+£0.04¢ 86.82+1.74°
F value 2704.574™" 1570.398™" 7418.551™
P value .000 .000 .000
CON 2.19+0.03° 2.07+£0.06° 1.97+£0.01°¢
YP 2.10+£0.022 2.07+0.06° 1.94:+0.02%
WYS 2.18+0.03° 2.04+0.06™ 1.93+0.03%
Salinity WYF 2.10+0.01° 1.97+0.02° 1.92+0.01*
(%) YFF 2.19+0.02 2.010.02 1.95+0.02%
YF 2.16+0.03° 2.00+0.05® 1.91+0.022
F value 10.894™ 2278 4.671°
P value .000 113 013
CON 9.57+0.15% 10.07+0.15° 9.27+0.58*
YP 11.63+£0.23° 10.47+0.15° 10.03+0.15°
WYS 9.97+0.25* 10.67+0.15°¢ 9.80+0.36°
“Brix WYF 10.53+£0.21° 10.50+0.20¢° 10.13+0.40%
YFF 9.73+£0.06* 11.07+0.15¢ 10.30+0.10°
YF 9.87+0.32% 9.67+0.15° 9.20+0.20°
F value 36.600™" 27.085™" 10.306™
P value .000 .000 .001

" Each value is meantSD.
2 *Means with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.
* p<0.05 ™ p<0.01 ™ p<0.001

WYF (whole Yulmu fried) 4.86+0.12¢} YFF (Yulmu flour 88.8440.05% 2 SX-H7} AN EZRT =9t} SF71Fe
fried) 4.86+0.157F 04 2toll= 7Hd WAl et 1492k HA7tgol S7tErE FEdEol sh= 7
o= YFF7} 3.99:001% 7} =9k WY7h 74 Wbtk 3 B8 Kim & Yoon (2022)¢) 3
olg|gt Azte AlEtel whel zkol= AN 14 A% Hom, ol &59] APt FEF 9FS vHES A

|

717Fg9 R E AR E9] pHE WolAl= AdS BT 1 o2 AtsE)
= Kim et al. (2018)°] & X Ad3 tz+2] p At 0ol HZETE 2.19+0.03%% A&7 B} =9
= 98 4U7HA Fel AR Aol E Holm F4 3] 7.&&3} om A5EFAE YFF7F 2.1940.02%% =71 UERSED,

ATk BIsI e ol B AYe] Ayel s A YP7} 2.10£0.02%% 78 SA Uelsgtth 4 14U 3ol =

kS BT} HETFY 97t 1.97H0.01%=E 7HE Egow, A8 =
SRS 0dxlo] YFFE 84.13+0.03%% 7HE 22 YFY 9571 191+20.02%E 7PE 2y, BE A| 80|

[e

T
S VeI, YF(Yulmu flour)s 88.65+0.04%% 718 A HOA wle} dEE Yol AFS Hrh o]
E2 FFS Ut AR 717ke] Aol mEt BE A & AT AR 717 T wiF 4 OE AESC] ARy
B9 8 I HEE AAAT, 483 = WYF7E @4l o] o] 8557 Wi Ao E Al E T
84.88+0.03% % 7Hg W& TS YEPHRI, tjxdtol 7484 AR 2 0dAel &5 HF AlEFEC] Ul



Az gegh
ZaET =990 YP7F 11.63+0.23 “Brix® 7F& &4 Y
EbAL, YFF7F 9.73£0.06 “Brix® 7P WA Yebstth. 14
A x}ell = YFF7F 10.30+0.10 °Brix® 7H =4 JEb
YF7} 9.20+0.20 °Brix® 7 Sotc),

1=

c— Zd
_— =

Aw =74 A= Table 337 Zth 0¥ M= L g
Z7to] 23.93+0.062.2 AEE 5 7P W93, YFF
7} 255020002 73 =9kt AT 14D o= WYS
(whole Yulmu steamed)”} 28.23+0.252 7} =3 YP7}
24.20£0.002.2 7H ST a oA 0dxtel| 7MY =
& ZFe YFFZ 24.13+0.06°]13, YF7} 22.70+0.102 7}
worth 144 2kl A= WYSZF 26.10+0.102 7HE =947,
WYF7} 19.03+£0.060.2 71 $¥hth b 3ol 0 x}ol=
YFF7} 25.93£0.122 7} =93, WYFE 23.23+021%
74 e ke Uebith 149 xfoll= WYSZF 27.5040.17
2 7P A JEba, 7P 92 32 20.53+0.122 YP
Atk 144 AF 7175t L 3, a & b 3 2% WYS7F
7M=& S Btk olgs Axte AEe] 4
drjgol et X o B, AAE AT = A e
ST B 73 Chung et al. (2022)3 Yu et al. (2016)2]
AT AT}t AR o= FFE BT

=

A=K

N

LB DS

Z E0|dlzs e dot

% Z89=9] I Table 49F 2t} 043 2ol
11.09 mg GAE/Le|H, €747} A 545 BF X2Ho
=2 7S Yt YP7F 32.83 mg GAELZE A&+ &

of 714 W e JUEI, YFE 15239 mg GAE/LE
7P =& e dERTh 78Rk dixad H7F A e

B FHEdEe] St 1483kl e &5
A7 EFET} e 7\3}\—% HAN EFHTLAETLE Fol
= WYS7} 141.52mg GAE/LS. 2 71 wtom YF7}h
239.35 mg GAE/L= 7]’ =gt o|ye A U
A7tete] Az wiFAX ] Fejds T 149 F
S7FE ST al B33 Moon & Lee (2011)2] A4}
dAshe IS BT AR £4717 F Fuls T
o] F7telf= phenohc acid7} P& W& wf<Fell phenol
9] ethyl == vinyl F=AE 437 wZo]2al Kim
& Kim (2003)2] 1-ollA 2315901 Lee et al. (2016)
o &% FE= T ZYdE IFF ¢ As AT
AMe &7 2 s o] =9ton =2 i3 gE
Z7HAIAL ATl BaEkglom B AFlA &5 HUE AR
T=9 FHE o] gRTEY ot s et &
Aoz AlEEtH(Jang et al, 1991; Kim & An, 1993; Lee
& Choi, 1994; Park et al., 2010).

Table 3. Hunter’s color values in Pogi Kimchi with different manufacturing methods of Yulmu during fermentation periods

Day 0 Day 7 Day 14

CON 23.93+0.06"") 23.87+0.06° 25.30+0.10°
YP 24.93+0.06" 24.13+0.06¢ 24.20£0.00°
wYS 25.3040.00° 23.50+0.00° 28.23+0.25'
L value WYF 24.50+£0.00° 23.77+0.06¢ 25.00£0.10¢
val YFF 25.50:£0.00¢ 24.23+0.06" 24.77+0.06°
YF 24.57+0.06° 23.20£0.00° 25.73+0.12¢
F value 278.933" 203.250™ 361.233™

P value .000 .000 .000
CON 23.63+0.06° 21.30:£0.00° 21.40+0.10°
YP 23.10+0.00° 22.200.10° 20.13+0.06°
WYS 23.23+0.06° 21.37+0.06" 26.10+0.10¢
| WYF 22.87+0.06" 20.97+0.06" 19.03£0.06°
avaue YFF 24.13+0.06" 21.73+0.06° 19.10+0.10°
YF 22.70+0.10° 21.03+0.06° 23.57+0.12°
F value 215.200™ 166.286™" 2817.707"*

P value .000 .000 000
CON 24.97+0.06° 23.87+0.23" 24.83+0.35
YP 25.60£0.26° 25.60+0.10¢ 20.53+0.12°
wYS 25.37+0.12¢ 24.23+0.06° 27.50+0.17¢
b value WYF 23.23+0.21° 23.43+0.12° 20.53+0.06°
valu YEF 25.93+0.12¢ 25.13+0.21 21.50+0.17°
YF 23.97+0.25 23.90+0.10° 24 4+0.00°
F value 94.245™" 93.565™" 714.750""

P value .000 .000 .000

1) Each value is mean+SD.

2) *Means with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.

sk

* p<0.05 ™ p<0.01 ™ p<0.001
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Table 4. The Total polyphenol ability in Pogi Kimchi with different manufacturing methods of Yulmu during fermentation periods

7l - g

Day 0 Day 7 Day 14
CON 11.090.00" 108.91+21.74" 125.21+20.81°
YP 32.83+17.75" 130.65+80.37° 206.74+30.75"
wYS 108.91+12.55 130.65+12.55% 141.52+17.75°
OITOLa;nol WYF 87.17+37.65" 212.18+20.81¢ 206.74+25.10°
(quyg AEL) YFF 108.91421.74° 174.137+28.07* 163.26+35.50°
YF 152.39412.55¢ 266.53+20.81° 239.35+12.55"
F value 264 9.849" 12.461"
P value 000 000 000

1) Each value is mean+SD.

2) *Means with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.

w4k

<0.001

Table 5. The ABTS radical scavenging ability in Pogi Kimchi with different manufacturing methods of Yulmu during fermentation

periods
Day 0 Day 7 Day 14
CON 81.09+0.67° 81.41+0.51° 81.20+0.57°
YP 82.52+0.77" 83.30+0.56° 82.08+0.77%
WYS 82.97+0.57° 82.08+0.45" 82.74+0.36"™
ABTS WYF 82.30+0.62° 82.08+0.57% 82.85+0.23°
(%) YFF 82.52+0.25° 82.74+0.36™ 81.97+0.98%*
YF 82.85+0.23° 82.30+0.89% 82.10+0.83%
F value 5.909™ 4.943™ 3.532°
P value .002 .005 .021

1) Each value is mean+SD.

2) *"Means with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.

wkk

* p<0.05 * p<0.01 ™ p<0.001

Table 6. Organic acid content in Pogi Kimchi with different manufacturing methods of Yulmu during fermentation periods

Day 0 Day 7 Day 14
CON 954.24+0.06° 363.45+0.14¢ N.D.
YP 924.19+0.13¢ 510.89+0.13¢ 275.27+0.16"
WYS 594.41+0.12° 248.38+0.25% 188.92+0.25¢
Citric acid WYF 1000.27+0.16" 262.51+0.10° 126.59+0.16°
(mg/L) YFF 812.86+0.23* 709.08+0.21" N.D.
YF 920.13+0.15¢ 462.24+0.08¢ 118.60+0.03°
F value 3003243.373™ 3495995.473™ 1863647.579™"
P value .000 .000 .000
CON 2653.47+0.28" 3867.08+0.13¢ 4532.23+0.28"
YP 2869.66+0.09" 3732.39+0.18° 4796.07+0.07°
WYS 3217.58+0.08" 4091.32+0.20" 5575.07+0.07"
Lactic acid WYF 2863.59+0.13¢ 3985.36+0.10° 5263.53+0.25¢
(mg/L) YFF 2915.66+0.20° 3482.17+0.12* 5520.84+0.09°
YF 2626.66+0.13* 3577.67+0.16° 5055.15+0.13°
F value 4938714.461™ 7283806.424"" 16715122.82™
P value .000 .000 .000

1) Each value is mean+SD.

2) *"Means with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.
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* p<0.05 * p<0.01 ™ p<0.001
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0.16mg/L= 71Hd =7 WEFRA, WYS7F 594.41+0.12
mg/LE 7Hg @A yEtwth 79A xS 36345+
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o 74 vre 7S UERith 14930l E 223 YFFE
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ke 23 BE A EFo] A|7ke] Aol ulet
s S B
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o YE7} 2626.66+0.13 mg/LE 73 it} 1493 thx
T8 4532231028 mg/LE TS &5 A|EZHT Yoo,
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Table 7. Phenolic compound content in Pogi Kimchi with different manufacturing methods of Yulmu during fermentation periods

Day 0 Day 7 Day 14
CON 0.05+0.01"% 0.06+0.00° 0.07+0.00°
YP 0.05+0.01° 0.08+0.01° 0.07+0.00°
) ) WYS 0.03+0.01° 0.09+0.01° 0.06£0.01°
Cmn?‘g“c WYF 0.03+0.01° 0.07+0.00° 0.05+0.01°
act YFF 0.040.00° 0.08+0.01° 0.05£0.01°
(mg/mL) ) g b
YF 0.04+0.01 0.10£0.01 0.08+0.01
F value 8.840™ 17.367™ 13.800""
P value .00 .000 .000
CON 0.65+0.01° 0.62+0.01° 0.4240.02°
YP 0.68+0.01" 0.66+0.02° 0.4940.02%
WYS 0.62+0.02¢ 0.68+0.02° 0.47+0.01%
Galic acid WYF 0.54+0.01¢ 0.7120.02¢ 0.45+0.02:
(mg/mL) YFF 0.51+0.02° 0.83+0.02¢ 0.5240.02¢
YF 0.42+0.01° 0.82+0.01¢ 0.55+0.02¢
F value 163.871"" 103.103™ 34.657™
P value .000 .000 .000
CON 1.47+0.01° 0.63+0.01° 0.4240.02°
YP 1.66+0.01° 0.66+0.02° 0.49+0.02¢
WYS 1.43£0.01° 0.68+0.02° 0.47+0.01%
P-coumaricacid WYF 1.57+0.02¢ 0.71%0.02¢ 0.45+0.02
(mg/mL) YFF 1.53+0.02¢ 0.83+0.02¢ 0.52+0.02¢
YF 1.58+0.03¢ 0.82+0.01¢ 0.55+0.01¢
F value 79.3781" 97.764™ 34.657™
P value .000 .000 .000
CON 1.98+0.01¢ 0.62+0.01¢ 0.57+0.01°
YP 2.13+0.02¢ 0.57+0.02¢ 0.57+0.01°
WYS 1.910.03° 0.57+0.01% 0.93+0.02¢
Vanillic acid WYF 2.19+0.03" 0.55+0.01% 0.54+0.01°
(mg/mL) YEF 0.51+0.02° 0.55+0.01° 0.6240.01¢
YF 0.42+0.01° 0.5120.02° 0.61£0.01°
F value 5737.938™ 28.585™ 484.942"
P value .000 .000 .000

1) Each value is mean+SD.

2) *Means with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.
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* p<0.05 ™ p<0.01 ™ p<0.001
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Fig. 1. Dietary fiber content in Pogi Kimchi with different manufacturing methods of Yulmu during fermentation periods. *"Means
with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range

test.
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