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Abstract

In this study, scones were prepared using Cordyceps powder, described as ‘immortal life’. Cordyceps powder was prepared in
0%, 2%, 4%, 6%, and 8% ratios, and salinity, color, texture, and antioxidant properties were analyzed. The salinity of Cordyceps
scones did not show a difference according to the amount of Cordyceps powder added (p=0.364), and the a-, b-values increased
significantly (p<0.001). In the case of texture, there was no significant difference in the amount of Cordyceps added. Flavonoids
increased significantly as the amount of Cordyceps powder increased (p<0.001). ABTS-radical scavenging capacity increased
significantly as the amount of Cordyceps powder increased (p<0.001). Through this study, the antioxidant properties of Cordyceps
scones were confirmed.

Key words: Cordyceps, scone, antioxidant, functional ingredients

M E & FESE AT AW, R 5o 292 A
93 gtk WZuE MW= 48 JjuoAE 55
SESRRBEH, Cordyeeps miliiarisy= ALBN= 25 27h /18 23] Z14ske] A4E 2Eska ST

9] & Qtofl AL EHol= EXE YEdt= o2 AL W&oz AREE Atk (Bemard W 1991). ool “ZAE=
ol F3f Folle 259 Ade 3 IFES L 5ol A9 A FEHEE 525122 REHE 5lo] 7
S 250 SolH Mol wAle] AEOE codyeepin,  AE7H ASFTWEE SlA0IA HATE 2L BASIG
cordycepic acid, ofa| A, iR 2 HjEY] 59 884 A (The Pokémon Company 1996). TS L& T3} ‘= F 1279

o] AtHCha 5 2004). olof EF2 o ol B A7 Me AEE 29 BAE S350l vfote] RASIA
Bl E2slxo]| oJoFES Tasks A oE o] upH (Ishida S 2011). 2! AY HFshA R A= TS
Th(Park TH 2009). L33} 5-%35}29] 4r2 21 A9} Q171o] £ E2x2 BRE AZo] =3 ylth(Koei Tecmo 1993). ©]
Aol7b= ARRle] £ E8= &8 & Aol Eoke AL o F=olM= dERY 3R E EEGY Y FxE H

2 24 AYRE F5 A8T0] YrkPark TH2009). A1t of AN Prkere] of st ALg et on] A, 83
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S A 3T SRR ARE Ao
= 1998).

AR FER2E 29, 32, okl 359 A=A, A
3 A2 oA 59 oFelag 3t WA/ BAY, A &
A4, WY 5o QAHOR £ 80| HrkPark 5 200). Edt
QR AL 52 AF 23} WY S0 RPaNE 9
AL, L5 QAL hste] Wik AL Asfeks 5
A FIE JZ3HATHPark S 2001).

ATE o)A T oz 71 Azke] WaTgo] ¢
o] 1HAT A %7} 7H5 7 THAlo]thLee & Joo 2021), BALEE
At 22515 S s g WE, At 9l AAT g
2 o83} glom, Azo| AL 7EE S7HSHA Utk
(Choi & Jung 2019).

4HA Ach(Han
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TebN 2 AFE TS A, B2 BoR R4
ST G 5E BUL ol8ste] AR AUl B
E4g BT ol RS 754 AEAYS olo]
i o] Hof AR} gl SR AT OR ¥

ol TS, REe Golah Sk AS Zldshe )
ojt}t. o] & Y3 EFtE EES 0%, 2%, 4%, 6%, 8% H|E
2 oo] 222 WEYOH U=, A%, 217 % P
2 BAsg

M= W e

1. NENE Y AZ HE

2 A39 5Fotx T2 A (Busan, Korea)ol A Al
SRkt "7THE(CJ Cheiljedang, Yangsan, Korea), B E](Arla,
Holstebro, Denmark), ©ZF(Gomgom, Seoul, Korea), ?~-(Seoulmilk,
Ansan, Korea), H|0]7]T}-$-T| (Choya, Eumseong, Korea), A&
(CJ CheilJedang, Incheon, Korea), 45+
Korea)S AE-5}tt.

E25bx HukS M7l AFO Lee & Joo(2021)9] A%
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20 0%, 2%, 4%, 6%, 8% Ul & A3t zH Al ¢ Baf
< Table 13} 2t} 9 E, $55t2 29, Holduhet s
Aol WaE & A2 gol Aolett. ME7 54 &2 4

208 ©

E2 4 ¥ 9 90, 232 4T WS wEL vl
o Y3 FHLEANA 408 FAN F 5L 45851 5

& 200C, oFHE 160CE A3t QE(FDO-7103, Daeyung,
Korea)ol Al 10~1287F w+=tt. $5 A2 A4
o & A RE ARSI AdH BFokE AF2 Fig 13}
71—1:].
Zdge

2. Yo M

dr L ¥% 7| (HI-96821, Hanna, Romania)S ©]-&3to] =
otglet. S5 27 mLo] 535t AF 3 ¢& Hol #Est
3 do A= AgF ARSIy Ml AT A|(CR-
400, Minolta, Osaka-shi, Japan)S O]-Q-;}Cq Z2stAtt. L(E
T), a(FAE), bEFHE) 3 535t A2 SHFES
S5t A=t MEol SRS Back (2022 L

Table 1. Formulation of scone added with Cordyceps

powder
Ingredients Samples

© 0% 2% 4% @ 6% 8%
Flour 120 117.6 115.2 112.8 110.4
C;;“ggjfs 0 24 48 72 96
Butter 46.5 46.5 46.5 46.5 46.5
Egg 30 30 30 30 30
Milk 27 27 27 27 27
Sugar 18 18 18 18 18
Baking powder 3 3 3 3 3
Salt 1.5 1.5 1.5 1.5 1.5

8%

of scone added with Cordyceps powder.
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Sttt o] Agof AME-E FFEWMAT(Calibration palate CR-
A43)2 L 66.87, a 1.35, b 2.350]t}.

eI

AL A 7E 3x3x3 ecmZ ZEhA], CTX Texture analyzer
(CTX, Ametek Brookfield, MA, USA)2} probe 10 mm dia
cylinder plastice AR&5}o] TPA(texture profile analysis)& Z+
Alm F 33 BHE S5kt F2Hd(adhesiveness), &
(hardness), BF=A](spinginess)¥} 7 AJ(gummines)S 51310
o SHZAZ Table 29F Zth. 2279 SRS Lee &

2022y HAL5IRIH.

N W

4. E28l50|=, ABTS-radical scavenging capacity

B%5lzx AF9 HASHE EZ8tE L0|E, ABTS-radical
scavenging capacityS Folth EZEfHEL-o|E9 =HHL
Back 5(2022)S F1aFEth 1 N NaOH 0.1 mL, 90%
diethylenglycol 1 mL2} A|& 0.1 mL-& &3t 5 60 min St
AL HF2] & 420 nmof| A EFLT A (UV-1800, Shimadzu,
Japan)E ©o|-&5lo] =435}t ABTS radical scavenging
capacity~= Verzelloni 5-(2007)& 3235}t ABTS oz
LN 09 mLE AFE 0.1 mL2} 10 min 59 ¥HS-A1Z] & 734
nmof| 4] =43} t}. ABTS-radical scavenging capacity®] 2 i}
HZ A RS H7ISHA] &2 t 273} Blasto] 2 Zho] A
AP o= YE

ABTS radical scavenging capacity (%) = (1—%)>< 100
Ar A& 7R B3k, B Hi2T9] {8

5. SHEY

SPSS(Statistics package for the social science, ver. 22.0 for
window, Chicago, USA) packageE A&-olo] EAHE Ao g B
Hslgnt 7 A7 33 MR T gEua R e 15}

Table 2. Measurement condition for the texture analyzer

Measuring Condition
Test speed 30 mm/s
Trigger force 10g
Distance 5 mm
Sample diameter 30 mm
Sample heigh 30 mm
Probe 10 mm

At p<0.05 FFEANA FYHS AFoHRoH AFHBFLS
LSD= Z3¥5}3ict.

AZO| AR} M

E%5t% AF9 Pt M Table 31 Zth I 5
=312 B 0% A7l A 1.33+0.03, 2% 720l A 133+
0.03, 4% H7FEolA 1.37+0.03, 6% H7}ollA 1.43+0.07,
8% H7Fo Al 1.40+0.000. 2 F#7+9] Zfo]E Holx = g
thp=0.364). L-value= 0% H7Foll A 85.09+0.02, 2% d7}+
ol A 78.47+0.17, 4% A7}l A 73.9140.47, 6% A7}l Al
77.35+0.87, 8% A7FEol A 71.44£1.058 A9} 717} viE
2 0 2 U THp<0.001). APA+ 555+% A71Y(Shin 5
2008)7t A+ A A 2] Eo]HAl F7](Shin 5 2020)0] A= Bak
A7Fgo] WotdaE L-valueo] #Ash= AFE HAAh
a-value= 0% A7HEollA] -4.0420.01, 2% H7FLoA -0.19+
0.05, 4% H7FEol Al 1.83£0.05, 6% H7}ollA] 1.73 0.06,
8% H7Foll A 4.48+0.202 71| S71E45 230
2 715 tHp<0.001). o]#3t BFE 535t A (Park
T 2001) A %= FAFSHA] UEFETE. b-value= 0% 7ol Al
33.52+0.04, 2% H7}Eo A 37.64+0.11, 4% 7oAl 39.24+

Table 3. Color value of scone added with Cordyceps powder

Sample 0% 2% 4% 6% 8% p-value
Salinity (g/100 g) 1.33+0.03" 1.3340.03 1.37+0.03 1.4340.07 1.40+0.00 0.364
L-value 85.09+0.02° 78.47+0.17° 73.91+0.47° 77.35+0.87° 71.44+1.05° <0.001
a-value -4.04+0.01° -0.19£0.05° 1.8340.05° 1.7340.06° 4.48+0.20" <0.001
b-value 33.5240.04° 37.64£0.11° 39.24+0.22° 39.75+0.44° 41.72+0.23¢ <0.001

D All values are meantS.E. (standard error).

*Means in a row by different superscripts are significantly different by LSD at p<0.05.
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0.22, 6% H7FEoll Al 39.75+0.44, 8% Z7Foll Al 41.72+ 0.23
2 ol F7F4E f9402 S/HHATHE000D), 5
Foh2 H719(Shin 5 20080 A= B H7tgol S
F bvaliert S7F5H0 Park 50050 TR 1]

AL caramelization®} Maillard reaction & A]|59] A o
%L TLoT Y. £ BRI FENE 229 4L
B 2 9] Myt BAjR0] ZHy-S o2 QI oz
Atz

2. S55l= AZQ| ==

Z A 70

=]
~—]—‘_|7tl'x:_ o

Table 49} Zt} RAJ2 5Fctx 2L 0% 3
7HEo A 0.05+0.02, 2% H7FEoA 0.03+0.01, 4% 710l
A 0.1840.10, 6% A7}l A 0.10+0.02, 8% H7HEol Al 0.09+
0.042 #7F9] 2Jo|&= Ho|R] =th(p=0.335). AEE 0%
7Holl A 198.33£9.43, 2% H7FEol| A 131.77+5.63, 4% A7}
oA 157.23+20.10, 6% H7FEANA] 176.60+6.67, 8% A7t
oflA] 165.47+4272 49} F7H7F REEE QITHp=0.017). &
AT 0% 7oA 4.25+0.25, 2% A 7oA 3.39+ 0.27,
4% A7 A 3.76+1.02, 6% H7FEol A 4.65£0.77, 8% A7}
Toll Al 3.76+0.56 0.2 F#3+2] Zfol= Ho|A] F=THp=0.687).
HEET AF(Lee & Joo 2021)2 HF Bro] HrleF =7}
o Wt Aot Y& A5 Bkl Bisto] & A4y
o} Z}olE H T EI T2 AR 1F Fott Aolg K
oA grdthe FolA & AL} FAFSHIH AEEE AF
(Lee & Joo 2021)0| W2 F7]o] H7te= FAHRS TF

1}o0

O 0]
P

oA ALY N5 742 BESol|A H =7} Eobxith
sttt 27] AF9] g dAoA Bl Hrtego] F
7Vdars Aido s v R 2 &2 Ao] x| IF
= U= AR AlREH HAAE 0% F7REANA 92.73+
5.59, 2% A7HEOA] 42.13+1.07, 4% H7FEo) Al 60.33+ 6.48,
6% H7FENA] 69.0046.15, 8% H7HEoA] 54.97+4.500.2
T4t S77F HHEEE QAT (p<0.001). 5F5%E A¥(Park 5
20010l A = ETe] H7go] S7Hgel wet H=, v,
Aol HAaet S7h7} vhEEo] 2 Ao} fARE AE B
At

R

3. E&5lx A=0| ZalH':0|=, ABTS-radical scavenging
capacity

E25t% AR ZelH L 0|E, ABTS-radical-S Table 59+
Zth EtH LolE B35t B 0% 7oA 52.53+
0.28, 2% 7oA 55.83£0.94, 4% H7FEolA] 56.73+0.12,
6% A7l Al 56.7740.09, 8% A 7ol A 60.30+0.100.2 8-9]
A 0 7 Z715}14 thp<0.001). ABTS-radical scavenging capacity~=
0% A7FEo A -2.56£2.06, 2% F7FEol A 14.00+ 2.01, 4%
A7HEol A 15.03£1.54, 6% H7HEoA] 15.45+0.42, 8% 7}
oA 2277407008 Qo)A 0 2 Z7}519ItH(p<0.001). X
FET AF(Lee & Joo 2021y ETtH 0]E, ABTS-radical
scavenging capacity’} I &7}5l0] B A1} e A
Bt AFA| L Table 631 2T} ZebH 10| =91 ABTS-
radical(=0.903, p<0.001)= A& AHHAS e

Table 4. Texture characteristics of scone added with Cordyceps powder

Sample 0% 2% 4% 6% 8% p-value
Adhesiveness (mJ) 0.05+0.02" 0.0340.01 0.18+0.10 0.10+0.02 0.09+0.04 0.335
Hardness (g) 198.3349.43¢ 131.77+5.63" 157.23+20.10° 176.606.67° 165.47+4.27 0.017
Spinginess (mm) 4.25+0.25 3.39+0.27 3.76+1.02 4.65+0.77 3.76+0.56 0.687
Gumminess (g) 92.7345.59° 42.13+1.07* 60.33+6.48" 69.00+6.15° 54.97+4.50 <0.001
D All values are meantS.E.
““Means in a row by different superscripts are significantly different by LSD at p<0.05.
Table 5. Flavonoid, and antioxidant activities of scone added with Cordyceps powder
Sample 0% 2% 4% 6% 8% p-value
Flavonoid (mg/mL)  52.53+0.28*) 55.83+0.94° 56.73+0.12° 56.77+0.09° 60.30+£0.10° <0.001
ABTS (%) -2.564+2.06" 14.00£2.01° 15.03£1.54° 15.450.42° 22.77+0.70° <0.001

D All values are meantS.E.

““Means in a row by different superscripts are significantly different by LSD at p<0.05.
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Table 6. Correlation between flavonoid, and antioxidant
activities of scone added with Cordyceps powder

Flavonoid ABTS
Flavonoid 1
ABTS 0.903™" 1

*"Correlation coefficient is significant at p<0.001.

=EIETE

rhu

2 AToNE BRAN 0 RATE 502 2UL
o g3tol ATE AZSIGAT. FEINE HAL 0% 2%, 4%
6% 8% W& shglon g, ME, 247 U e e
BBt 55 229 dEE FFoE 2o A7t
2ol W2 x| 2 Ho|x] QLT(p-0364), a-, baluck 5]
x 0.8 2715 erhp<0.001). o BE5E B 54| 4
o PFL FUS A0 AR XYY A9 B30
& 71l we Aol Kolx] grolt). Behuiolst 55
ste 22 el F1e4E godoz s
(p<0.001). ABTS-radical scavenging capacity~= 5&o}% E&
Wigol 374945 fo402 S7HATEe000). £
A7 Eo 530z 220 AL Vst ol
QAgets Aol ABALS ololFE ATE st
ildol A 6% WSt folsh Bk A At
& ol
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Abstract

To investigate the anti-inflammatory activity of submerged culture using Cordyceps militaris mycelium, culture-including mycelia
was extracted and lyophilized into postbiotics (hot-water extract; CM-HW). HW was fractionated into crude polysaccharide (CM-CP)
by ethanol precipitation, and CM-CP was further dialyzed into CM-DCP by dialysis with running water using 12~14 kDa dialysis
tube. When the cytotoxicity of subfractions against cells was assessed, no subfraction had a cytotoxic impact that was substantially
different from the control groups. In an inflammatory model using LPS-stimulated RAW 264.7 cells, CM-DCP significantly decreased
IL-6 and MCP-1 production levels compared to the LPS-control group. CM-DCP also inhibited IL-6 and IL-8 secretion in HaCaT
keratinocytes stimulated with TNF-a and IFN-y. In the meanwhile, the neutral sugar content and mannose ratio of anti-inflammatory
CM-DCP were higher than the other fractions, and CM-DCP contained [3-1,3/1,6-glucan of 216.1 mg/g. High pressure size exclusion
chromatography revealed that CM-DCP contained molecules with a molecular weight range of 5.6 to 144.0 kDa. In conclusion,
postbiotics of C. militaris mycelium significantly promoted anti-inflammatory activity, suggesting that neutral polysaccharides
including Glc and Man contribute to the anti-inflammation in RAW 264.7 or HaCaT cells.

Key words: Cordyceps militaris, liquid culture, postbiotics, anti-inflammatory activity, polysaccharide

M B FL71HR AL A7 AAA = ZEEHo] ATt

(Choi 5 2010). Rathore 5-(2017)9] A=20] =2 HAS 4

AL QAlo] BAT SRR JFAG 15HS AL H3A HE AAe] o] 2L L A, REHOZ T

Ao, gAtFet AhFtFol &oh= AsERFEA, WA o, TS}, S5EE 59 Aol msol Ak LA, H
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A9l AHlE HES] F7FSEAL e
A9l M| Fe= A AAAE A6k &)
O, AHdAl= 7140l BIRAL, S 7]7to] Ao 4t
29 Z8ol= B2 03] EEs AR &
(Suh & 2022). ¥, FAAIE o] &3t Ha= A Hig
A A B 83 e Y F17ke) A4t 5] olFiol 9
ouf, olo] weh A} WA 2AIS 8T BE A7) B
%] 7 9 ck(Shin 5 2021a; Shin 5 2022a; Suh 5 2022). =
oflA= MA HAAIE &3l W95 ZI(Shin 5 20222), TS
(Park 5 2013) 2 i (Kim 5 2013) 59| F50] H1E
7 qow, FAAY $ne Bo 2AE 222L 4 &
o A5 FATF A IS 5L B R0
oreiA SIck. wekAl, BiA #AM S BAT 2AE 84
MRS fungi ) EAEHo|QE A0 AR T
Jhse Aow wekEw, S4kgo] o) 2AE EAEwo|
$827} ohd g 7] EEEWoL L SAE 28U
oM N2 WD Y= EAEH0|0EA A4
BAdH0E Foslt 7t 2 Aow ek,
Gt 7d (Ascomycota) ™ ZFFIH(Clavicipitaceae)ol] <55}
55512 (Cordyceps militarisy= L32 7|52 dlo] AAA|
2 WA 240 BAE B4skE WALl B ZRo|
th(Koh JB 2003). 5252 S 0] 835 ¥ Jdr} BuE
Kom, FHoA= FHAS(Choi 5 2012), HYSZ(Lee &
2007a), 3H9HE THHeo 5 2007) So] glon, Zo|m Lt FHALS}
(Won & Park 2005), &-&0] 2t 7+ 5/ of5H(Cha 5 2013),
W= (Liu 5 2016) 2 39 TiHLiu 5 2019) 5 tiokst 7]
54 2YE Riskal 9tk 5F3kEo+= cordycepin(3-deo-
xyadenosine), D-mannitol(cordycepic acid) 2 OHd-HF 5= o
S5k 1.2 H(Chou 5 2014), E3] thgd-F2 2% exopo-
lysaccharide(EPS)of] tsf t}oFst d4tEo0] HEa Qth
EPSE olAIE AlEHe] AR A, olxo] RE A4l
of ZHEE TR 17 9 24 YAAE ol EehErt
(Lee & 2007b). 12} thAMFER NlEY 4 Hd7et 2%}
SAREQL 2] e ekl glos A 4 4
3 gAE Fof ¥Z 5 AUrk EPSE A A °ﬂL111 <
O o] §E7|Ht} QREE 9 AEHAZRE S

Joh

S5l ZL-2 sl (Kang S 2005), $H4FSHKang S 2022), Etl
IZ57(Yu 5 2022) 9 g aTHSun 5 2021) 59
a50] Eu=a Qlrh. thxA Q1 HA 2] EPSo| dfgot= B-

glucan> HH S BIVF Folutal, Bl oY & =&
HE 53 22 A5 538 Yehdles Aes EuFHY
lthPark 5 2012).

B A7 o]l AollA AR A FAA AALEE
Y] EAEHOIQEAES o]gsle] HASY W FAT

F50% P EAEvo|oE A FUZ BY 7

FAAE 0] 8 6& NGt} B4} AT
A TF 7154 E T oAE S dg 4 ke
QIThKim 5 2006). 38, E5otE AHAAE o]§3
g2 ]EJ_E] AL (Yoon 5 2015; Chiu 5
2016), F51x FAA ) AALEE Feo] EAEH|Q
gaold FU5 B4 4 BHYR B4 gt v B
23 Agol}. wehd, B Ao SEetx FAA Y
At go A FAHS EEst gAuFY NS =3
T §AAZ0] RAEH|QEA Ul 24 AHE(CM-CP)
Y YAEE FARE ol golol At BAE AAT
T BT FHE(CMDP)E BY5to] nhe-2 fef T4l A
ZQl RAW 264.73F Q17+ mj R ZHd 4] /\1]3.57\?1 HaCaT
e FAS TS BASAT B JREY AR
7} TGS S oFsA BT B-1,3/1.6-glucan TFHS
slgon, 555tx 2AA AALaR F2) ZAEH
HannE A5 BT BHYR| B4 5]
Al 242 B8] A3t 712A4nE Agstas s

dok o
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-|m

1. SESIE DA YIS & ZAEHIO|EA HZE

al _E_

2 A70]4 olgH Sz FA AALEE o 2
EHo] @ P AL G| 2 T Fu(Neo Cremar Co., Ltd, Seoul, Korea)

oflA Aol olgElon, A=
(MSG), corn starch, soy peptone, yeast extract, monosodium 5
o] H7te HaujR|oA AJEHES-7](Fermentec, Cheongju,
Korea)E ©]-&5to] APt 555t HARA IA TR}
B HARAZE b A HAuFAL 21 Bt 7] E o]
25t0] 121 Col|lA 6027t F&35F & 5727 Z(llshin Biobase,
Yangju, Korea)E ZY5}o] ZAEHIO|QEIA(CM-HW)E Z
Akt ZAEHO| QE A ‘:‘r*] 5u19] 95% F=4= A7t
Sho] =204 wrtsto] M ES FAstelon, dHEE
ol AHELS 35otal saAxsto] 2ohgEE(crude poly-
saccharide; CM-CP)2. 2 E35}9tt. Esh 1 EX EXTRS
Holrl 9o 2OPRRS 4%o] R0 AT T
Shin 5(022b)9] HS o]g3dlo] EAMWCO 12,000~
14,000; Sigma-Aldrich, St. Louis, MO, USA)S Ad§5}11 5=3t
S SAAZSIo] BA-ZohgE E(dialyzed-crude polysaccharide;
CM-DCP)C.2 E3|5}tHFig. 1A).

Jok

glucose, glutamate
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2. M= 3 HjFEZ

2 AFoA AREE A ZF= RAW 264.7(FF9-A -2
AN )T HaCaT(RUA] F2fl 2B AE)C & A3
2.3 (Korean Cell Line Bank; KCLB, Seoul, Korea)of| A )5}
of BA4of o] 8=t} Z+zEe] M EF= Dulbecco’s Modified
Eagle Medium(DMEM; Hyclone, San Angelo, TX, USA)°ll 10%
fetal bovine serum(FBS; Gibco, Waltham, Massachusetts, USA)
9 1% penicillin-streptomycin(P/S; GenDEPOT, Katy, TX, USA)
& 37k W% olgste] Wigkslglon, 23 708
Al g2 AR A ZF= 5% COE FAsH= ¥l
7](Thermo Fisher Scientific, Waltham, MA, USA)o]4] 37C %
Zof A BljFsto] Ao o] &5

o

3. RAW 2647 CHAINIES 0123 SIS 2o
RAW 2647 Al 52 o] 85}0] 55512 RAA AT a

= o — HElsH S = = = =
= 78 ZAEHP|QEA RIS R Ao tE JI5 &
(A)
Liquid culture by Cordyceps militaris (CM)
+ Heating the whole culture broth (121°C, 60min)
= Filtration with metal mesh
+ Centrifuge (8,000 rpm, 20min)
- Collect supernatant
- Concentration and lyopilization
Postbiotics (CM-HW)
~ 80% ethanol precipitation
- Centrifugation (8
1000 rpm, 20min)
Precipitate
- Redissolving with DIW
- Concentration
- Lyopilization F Discard
Crude polysaccahride (CM-CP) Supernatant
- Dialysis (cut off 12~14 kDa)
- Concentration
+ Lyopilization
Dialyzed-CP (CM-DCP)
(52.3% of CM-CP)
B
" [ CM-CP 50kDa  3-6kDa 5.6 kDa '
I , S CM-DCP
20000 |
il
000
ol
Mw> 144 kDa
- -
o R LG S = Ta T e ]

Fig. 1. Fractionation of liquid culture by Cordyceps
militaris mycelium (A) and molecular weight chromatogram
of CM-CP and DCP (B).

oX,
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e F715HATE RAW 264.7 AlZEZE 96 well plated]] 6x10*
cellswell2 2T 3 37C ZHNA 5% COE FAI5H= Hi
F71901A °F 80% confluent} 2 w712 24417 5t B Y5
t}. o]Z uvjor"l A|ABFaL SFM(serum free-DMEM)
160 L9} S EER B14E ARS 20 1L A7fslo] 3087 )
Fst & F7}=2 lipopolysaccharide(LPS; Sigma-Aldrich) 20 pL
= 7}sl0] 24412 59t Aulefeiol Lpso] ofs) S8l
% 29g F459T Lpso] o8] @50l SEH RAW
264.7 A0 Ot A& E4F 7= 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyl-tetrazolium bromide(MTT) A]2FS AZ|gt &
3087 HHR AT 0] AEUL AASHTL 100 yLo] dimethy!
sulfoxide(DMSO) &£5-3}9] 550 nmQ] P oA =43t &
LPS St thH] AE AJZL(cell viability, %)S rebct.
S, Al Eig Al FAE ASUA EE QY cytokine H
chemokine®] IL-6(interleukin-6) % MCP-1(monocyte chemoatt-

A= oo
o 1=

ractant protein-1)=> ELISA(enzyme-linked immunosorbent assay)=
BX5199 0, BD Bioscience(San Diego, CA, USA)|| A A|-3-%

standard referenceE ©]-83F EEHA-& Bof] TS YEHACH
4. HaCaT M EZE E8l 5 &M
HaCaT A|ZE o]-85lo] §&Fotx dAM HALEE &
# ZAEHP|QEIA HIFE Xa|o] 2 JIF A4S

745+t HaCaT Al ZZ 96 well plateo]] 2x10* cells/well 2
ZA% F 37C ZANA 5% COE GABH= HiF7]oA
monolayerS g/ Wi7HA] HiFSERITE. o] % HiFH A5 H
AASEAL SFM 200 pLE E35:5}9] 24A]7F 59t starvation
Z13Y5EA T o] % SFM 160 1L}t =& SN E Algs
20 uL H7Fotal vieFst tFS, 1A|7F & Z+HZF tumor necrosis
factor-a(TNF-a)@} interferon-y(IFN-y)7} &35 €92 20 uL
H7rsto] 2447t St Al ZFsER o H THO| Q5]
Frd 45 29S B4 HaCaT Al&o] 23t 544
7h= MTT A9kS o]§sto] S45I3 o, TH st thH]
AE RBE2E(%)2 UEPATE M wief A F4H 9343 At
o] E7}RIQl IL-6 & IL-89] T2 ELISAR HA|5Hglom,
BD Biosciencesol| 4] A|-&+= standardE ©0]-85}o] ZAH EF

T4 B9 YT et

KR
=

KR
=

5. 2XtgF 2%

Alg9 BExleF BExE 391517 3 high performance
size exclusion chromatography(HPSEC)E ©]|-&35}%t}. A3t
B2 3ASH A|E 5 PVDF membrane filterS AR5} o1}
& % Table 13} 2 WS o] gsjol B4k R4
ol-&H HEFEELZ galactose?}t 77 HE EAGS 7HK

pullulang& ©]-&3}31 © ™ retention time(RT)E F3f EFZA1
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6. TAE U TH B

FAE W5H7] Q8 224G 2 A Skl 72+
Z} Dubois 5(1956)2] phenol- sulfuric acid¥] ¥ Blumenkrantz
& Asboe-Hansen(1973)2] -hydroxyblphenyl‘ﬂ2 o] g3}o] B
Aol on, FFEAZE glucose(Gle) & glucuronic acid(Gle
AYE AHESto]l EASHI o SheR2 Bradford W
(Bradford MM 1976)& 0|85} 0, EFEZ-2 BSA(bovine
serum albumin)E °]-&5tHtt. F Z|dE ke A9, Kim
5(2016)2] WHZ ol-&sto] EASI o, EEEEE gllic
acids o]-&dfl = AAFSIAT. 44T £419] 7% Honda
5(1989) ¥ Shin 5-(2021b)29] ®HHS #a15}o] 2 M trifluoroacetic
acids Al&o] AF|sto] aldose D92 &35IAH. o]F
NaOH®} 1-phenyl-3-methyl-5-pyrazoline(PMP)& 4 7}slo] ot
FHol PMPE ZAA FEAZ HZAX 2 FEAE
23I1]7]7] 93 HCIE A 7}stal water?} chloroforms ©]-&
8 2] 9 =2 APsioitt. o]% & S 353t ¥ PVDF
membrane filter(0.45 ym, Jaema Trade Inc., Wonju, Korea)S ©]

5] of7ste] HPLCO] ZUstol HAsielch 24 2AL
Table 10 Yehflor, Ait= TdF9 area®} response
factorS ©|-85}0] o]& mole%= WEFHTE

O
SE

Hm

7. B-1,3/1,6-glucan &2k BA

$551% #AH AALEE 9 BAEso] 0 1Y
g Eof o3t B-1,3/1,6-glucan T2
and Yeast B-glucan assay procedure; K-YBGL)S ©]-85}0] &
Hstge. AZAOlA AT W whet 2R7te 255t

Rom, 510 nme] FFEoA S4H T SFXH(total glucan)

Megazyme kit(Mushroom

=252 FAH] TAEHP|QEIAL] A= T4

]

9 dut FE7Ha-glucan)Q] EFEE glucose FHES HEE
A= sto] EA51TE o] F Megazyme calculators ©]-8-5}0]
A(mg/g) O & A4Sl HRTOE A|RAA Al5H
49%2] HEZFF BEE-Z o]&sllon, MFTH R HE
ST g2 T SFLONA duEFte TS e

gros tepe.

8. SAHXz=

< AEdY = 33 WHESHeH Addve HatH
ZFHX(standard deviation, SD)Z WEFHTE RAW 264.7 A3
59} HaCaT #& HISIA 42 SPSS V26(SPSS Inc.,
Chicago, IL, USA) ©]&-3t Student’s r-test2 AlAtsto] Zhzt
p<0.05, p<0.01, p<0.001 oA o= ASSIA T
W, 249, A4, B9 2L & Eou 59 T4RE
A5t Aat= BAo] Z-AE v dl7] Y 3) Levene’s test
AT T, FAHE 2 A ANOVA BAHEAE A
oto] 2+ 244 749l 7-2]4d2 Duncan’s multiple range testo]]
o3 p<0.05 oA FH= AU

Oir

L oLl HE

[l

Zut 2 o

4

. 56tz -EANI AHYUSE 7l ZAEHIOIQEA

=4 o *@%Ol RHEof Ul XA Euo] 9 El A (postbiotics)
A ol s 9

1wl 74 53 e A4 ol
Xﬂla’r’]'(Kl S 2021). & %‘_rLoﬂj\T—‘- 5%51=(Cordyceps
militaris, CM) @A Q] AA LG ES T AEHO|QEA 4

Az ggotel 7154 4%

A2 B8 TH5HE S5
17 St FAE oz

SAEA FFot2 A A T=

Table 1. HPLC analytical condition for the component sugar and molecular weight of subfraction from liquid culture by

Cordyceps militaris mycelium

Analysis Molecular weight Component sugar
Agilent 1260 series YL-9100 series
Instrument . . .
(Agilent Technologies, Inc., Palo Alto, CA, USA) (Young Lin Co., Ltd., Anyang, Korea)
Detector Refractive index UV at 254 nm
Column Superdex TM 75 GL column YMC-Triart C18
(10x300 mm, GE Healthcare, Anaheim, CA, USA)  (250x4.6 mm, 5 pm, YMC Co., Ltd., Kyoto, Japan)
Column temperature Room temperature 30C
Flow rate 0.5 mL/min 1 mL/min
.1 M sodi hosphat fer (pH6.7):
Eluent 50 mM ammonium formate buffer (pHS.5) 0 sodium phosphate buffer (pHo.7)

Injection volume 20 pL

Data calculator

Chemstation (Agilent Technologies)

acetonitrile (82:18)
20 pL
Autochro-3000 (Young Lin)
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Rl ZAEHO|QEAY o] & TS AESH] Yol o
AA| FAFEZEE FAAE E3 ol HA| HAEFH
S AFFET T ZAEHO| QEIACM-HW)E A5 2
, ZAEHPO|QEIARKE 95% $3L o|-&sto] E2igh
o FE(CM-CP)I} 12~14 kDa%] FA4tS o]-&s}o] A
A BAS AAT BA-204Y E(CM-DCP)O.E £35t
t}. ZAEHO|QEACE FAK G 283 FARA Ol
A wjF o2 EH|¥ EPS(exopolysaccharide) 53} 22 thAt
Abgo] xgEo] 9l AoE HE I

BS IA E42 AlZFo A=ZAT & AF wi7h AR+
(LPS E+= A EZIRNE AP sto] AlgAgof U2 A4
B9 it AR E Yrlshs AlgRolth I#EE A& A
gof 9af] AZF7t M EE/GS VEPH APESH Al X o &
o A Hfo]|Q mpAY} AT 5= lo], o]& FF A &4
o] Yepdtiil Q1% 4= St} wheba] HWA] AlmA 2o ot
£ AEEAG B7HE P52 H, RAW 264.7 A| 9] A]
& Ao o5t NxEA A¥= Fig 240 YERAT 555t
Z A AL EE E ZAEHO|QEA 2] 332
500~1,000 ug/mL2] 5=R oA LPS Fwt thH] Al A
Z£80] 90% o4 AL FIstY=tl, Lopez-Garcia 5
(2014)°]] W= ISO 10993-50] whe} Al= X a]L9] AlE A
E£80] 80% oldolH A E=/go] gittal 7HHr} o]§ &

3 5otz A HAEGE [ ZAERR]E A

oz N & o
m flo ¢

=

A

£500 pg/mL = 1000 pg/mL

R

RAW 264.7 cell viability (%)

HW | CP DCP

CM subfraction
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of,
&
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E|Qlt}. 3L, Fig. 2Boll= 74 34 M ZSQ] HaCaT2] A3
54 B7FE UERO R, RAW 2647 A 259t 545% |
AollA B4 JPstct. Al 54d%H 723}, TNF-a+INF-
Y(TH) R oiH] 105% o]AFe] AlE BELS KIS Bt
oY} 12.8~29.0%2] A& {23t Al xFA50] E2l
=3It Lee 5(2015)2] A-tollA 53t AMA 285
A 23k RAW 264.7 A|ZF0] A| 2=/ 71| 4] 10~200 pg/
mLe] oA = oAl AlZzE/gdo] TEEA ot
300~1,000 pg/mLo A= Al E=Ado] Yehd ¥, 2 Ao
Al 500~1,000 pg/mLoA] AlEZ=/do] UEhtA] b2 A &
QIS &= AUk b FEATE S S 7 el
HHE 37 28 Ao HHEXN 2 A9} Lee 5
(2015)9] AFE Bl & o}, 535t AHAA A v oA
Aloll o]t AAEfgFo] P SHAA L8 7Fsdol =2
Ao R W= Qlth Nx=/4 B7t 205 SHNEHE, 4]
AIEZEQ] RAW 264.7 A| 2520} Zh g/ A 591 HaCaT
AZFE o83t A=A H7F A3}, 500~1,000 pg/mLe| &
T HolA Y3 AlEEGL YERA] gkoke
A5 HeoA dF LA Hiol 2 upA 9] A4S HdPstoict.

O —10

olFE

ol

2. RAW 264.7 M|IZE 0|25t HZ A
RAW 264.7 QAN ZFE= AAHGT F-3HIGoA FAF

r

®)

160 0500 pg/mL  E1000 pg/mL
140

T
LL] _] e
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HaCaT cell viability (%)

T+I | PC DCP

Control CM subfraction

Fig. 2. Cytotoxicity of subfraction from liquid culture of Cordyceps militaris mycelium against RAW 264.7 macrophage
(A) and HaCaT keratinocyte (B). After each subfraction treated RAW 264.7 or HaCaT cells, inflammatory substances, such
as lipopolysaccharide (LPS) or TNF-a+IFN-y (T+I) was subsequently stimulated for 24 hr. A dexamethasone (50 and 20
png/mL, for RAW 264.7 and HaCaT, respectively) was used as positive controls (PC). CM-HW; postbiotics from C. militaris
mycelium liquid culture, CP; crude polysaccharide of HW, and DCP; dialyzed-CP. Results are expressed as meantS.D. of

three independent tests in triplicate. Asterisks mean significant difference between inflammation group (LPS or T+I) and each

seokok

group by Student’s t-test. "p<0.05, ~p<0.01, *p<0.001.
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d Aol olstH, AF LA Al Ao EFRRIE EH|sto
Z71%olo] F8% TS o= A= A Ut
(Kim 5 2009). & oA = 550t FAH AL EE
e ZAEHO|QEA RIS AT A] thAA|ZoA &
H|E = AT 59 X9 B0 vAl= ¥FS B7IsHAh
IL-6= I 4] A5 fdote HEAQ] DS A
o|E7IRICE LA glom, ol wa} IL-6 BA5Z A5t
At (Fig. 3A). ¥ HRFOFE 0|85 dexamethasone(50 ng/
mL)2 6.8 ng/ml(78.8%)2] IL-6 AA=S LeRfof, LPS &
T74(29.3 ng/mL) thH] BA A2 {5t AA| &4 UE
Wtk 530tx dAH AL EE FE ZAEHP|QEA
(CM-HW)= 500~1,000 ng/mLo] = oA LPS f-E= tf
H| 24.6~27.1 ng/ml(7.6~16.5%)2] FAZ o2 u]oFst IL-6 9
AZdS Hetdigleow, 4 J-d=Q 2HEEE(CM-CP)
2 20.4~22.2 ng/mL(24.7~31.0%)5, FA]-Z g8 E(CM-DCP)
2 167222 ng/ml(23.4~44.1%)2] F-2J3F AAES HEFH
o} E3 FAS 4L 24 CM-CPe CM-DCP= 500 ng/
mL9| o)X= A= 7t BAZCE {7t ZfolE L
A kO, 1,000 ng/mLo] s A= A= 7F 725k 2
olF glg & AT (p<0.01). thFo= T U thAjAxZ
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Fig. 3. Anti-inflammatory activity of subfraction from liquid culture of Cordyceps militaris mycelium on LPS-stimulated
RAW 264.7 cell. RAW 264.7 cells were treated with subfraction followed by lipolysaccharide (LPS) treatment for 24 hr,
and production of IL-6 (A) or MCP-1 (B) was evaluated. A dexamethasone (50 pg/mL) was used as a positive control (PC).

CM-HW; postbiotics from C. militaris mycelium liquid culture, CP; crude polysaccharide of HW, and DCP; dialyzed-CP.

Results are expressed as mean+S.D. of three independent tests in triplicate. Asterisks mean significant difference between

the LPS group and each group by Student’s r-test. "p<0.05, “~p<0.01,

skokok

<0.001.
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Fig. 4. Anti-inflammatory activity of subfraction from liquid culture of Cordyceps militaris mycelium on TNF-a+IFN-y-
stimulated HaCaT keratinocyte. HaCaT keratinocyte were treated with each subfraction followed by TNF-a+IFN-y (T+I)
treatment for 24 hr, and the production of IL-6 (A) or IL-8 (B) was evaluated. A dexamethasone (20 pg/mL) were used
as positive control (PC). CM-HW; postbiotics from C. militaris mycelium liquid culture, CP; crude polysaccharide of HW,
and DCP; dialyzed-CP. Results are expressed as mean£S.D. of three independent test in triplicate. Asterisks mean significant

difference between T+l group and each group by Student’s r-test. ‘p<0.05,

ko

“p<0.01, “p<0.001.



Vol. 36, No. 1(2023)

o EAEv|QE A0 FEo] 5T A

4.
F35% #A] LA FY BAEvO| O ARY

EEEEE S EENEREST NN VNe R
£49317] $I5) HPSECS o] §3to] Al LS B4}

o

¥ o™, Fig. 1BY] CM-CP ¥ CM-DCPQ] HPLC ZZ0}E 13
2 e #5527 retention time(RT)S H] W5} CM-
CPS} DCP}F EAFFS HATH A3t 2ohdEE(CM-CPy
3.6~5.0 kDa9] W2 EAF Bxrt FRl= et g, CM-
DCPo] EAFF &= CPe} ARRE A3 UER AR,
5.6 kDa A &4+ 43} 144 kDa 0]/2] 1A E40] ghf
5ojxl A0 LERGT). Shin S(2021a)2 AEHEIA A
Oﬂiﬂ‘ﬂﬁ% o 2otgEEo] 5Y AEFo| 43 T
T 4L BisiGlet, & AFAE 555t A o
AL R EO] ZAEHP|QEAA TIEX} gio] FFF T
of

Z2 Mgl Ao dolEglon, EAu} yltrafiltration
(UF) 52 o] 85 487 220) A77} 183 230) gy
< S7MIA, 718748 HE 5 28 5 e AL
2 25T Bttt 29 A0EadnE 59 2

e85 A8t &/ 71oIs

= :@L/\L\?_HE :rLz;ﬂ o

i R

=231 FAH ZAEHO|QEAC] Y= By 13

55okx B ALAR R9 EAEwolog A
RO g FHRE B Tl FAT, AT,
S 9 Eus Se EASETH Tl 2. 4T
o] 74 CM-HW= 786.3 nig/mg, CP 832.4 ng/mg 2 DCP
£ 9173 ngme BA-EThGE 0] 1 B BFe et
Won] AHdeto] H0o] CM-HW(33.5 ng/mg), CP(37.8 g/
mg) @ DCP@1.1 ngime)7} QASH 3F2ke wolch ol chu
A 3EFS CM-HW7} 3.2 ng/mg, CP 1.7 ng/mg ‘;1 DCPE 1.9
ugmgO 2 TAHE F M A7 gRstdon, 5 B
o] 7B-F-oll= HW(13.2 ng/mg), CP(4.7 ng/mg) 5 DCP(2.6
ngmel L 2% 9L Uk A0 Uekich FAE
A4 2R BF F4T0] TP w2 TFE Ko
HPLC-UVDE ©]§3}e] 7492 SelslgirTable 2). 55
O A AANEE fof Emioloriss 20 7y

2 glucose(98.3%), mannose(0.9%) H galactose (0.8%)°] 31
01% ZHFEE(CM-CPT FA-2HFEE(CM- DCP)OﬂH
£ §ARE Aol Ehon, Zrigeiel CM-CPolAE
I AEHFO| Q ] A0] H|3 mannose@} galactose (2.71} 2.4%)
7} 2% 711908, glucoseiz 94.9%7} THHEI0] gl 2

Table 2. Chemical property of subfraction from liquid culture by Cordyceps militaris mycelium

Subfraction from postbiotics of CM

Sample
CM-HW CM-CP CM-DCP
Neutral sugar (1g/mg) 786.3+14.8") 832.4+26.2° 917.3+40.8"
Uronic acid (ug/mg) 33.5+7.6° 37.8+1.2° 41.144.0°
Protein (1g/mg) 3.240.1° 1.7+0.1° 1.940.2°
Polyphenol (1g/mg) 13.2+0.7° 4.740.6° 2.6+£0.4°
Component sugar (mol %)
Mannose 0.9+0.0° 2.7+0.1° 4.0+0.0°
Rhamnose - - -
Glucuronic acid - - -
Galacturonic acid - - -
Glucose 98.3+0.1° 94.9+0.4" 92.4+0.0°
Galactose 0.8+0.0° 2.4+0.2° 3.6+0.0°
Xylose - - -
Arabinose - - -
Fucose - - -

CM-HW: postbiotics from C. militaris mycelium liquid culture, CP: crude polysaccharide of HW, DCP: dialyzed-CP.
All results of composition content are expressed as meantS.D. for three independent experiments. Different letters within a column are

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

D The difference in the superscript letter of the content value means a significant difference at p<0.05.
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Effects of UV-C and Ethanol Treatment on Quality of Fresh-cut Seedless Watermelon
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Abstract

To apply UV-C as a non-heating sterilization method to increase the microbiological safety of fresh seedless watermelon products,
reductions in E. coli and quality changes by treatment dose (0, 2, 4, 8, 14, 20 kJ/m®) were investigated. The pH, sugar content,
and hardness of watermelon inoculated with E. coli were not significantly different according to the UV-C treatment dose, but the
polyphenol content was significantly decreased compared to the controls (425.4 GAE ng/g F.W.). When treated with 2 and 4 kJ/m?’,
the lycopene content was 31.6 and 30.9 ng/g F.W., respectively, which was increased compared to the controls (28.5 ng/g F.W.).
The arginine and citrulline content was also significantly increased compared to the controls. The number of E. coli was significantly
decreased compared to the controls following UV-C treatment. Considering the degree of E. coli reduction, lycopene content, arginine
content, citrulline content, and UV-C irradiation time, subsequent experiments were conducted by selecting a UV-C treatment dose
of 2 kJ/m”. The results of confirming the degree of reduction in the number of E. coli colonies by a single treatment and combined
treatment with UV-C 2 kJ/m* and 70% ethanol showed that the combined treatment was most effective as colonies were decreased
by 2.3 log CFU/g compared to the controls. Therefore, it is judged that UV-C 2 kJ/m” radiation and combined treatment with 70%
ethanol could be applied as a non-heating sterilization method for fresh watermelon slices.

Key words: fresh-cut, seedless watermelon, UV-C, ethanol, Escherichia coli

M B 9] 15, 229 15 E9] WMEE 15% A3 O™ (Ministry
of Economy and Finance 2020), 72 29| 7 4eF 59
UK Citrullus lanatus)y> A 9, 2 78 o, AW o] 7kl Stk oA | AlA, Ad 59 FHAagt 7

£} e muga ghgo] glo] N2 8] £9E Fb TR U JUol Aae) SHE T 2 AS AN

= vu

A }EA FdolthKim 5 2013). FREEAAD] Mol (fresh-cur) AFel 2t FTH(Kim IG 2017). A G 44

AT T
IR 2018 A 4H] FE| AL FA Hilo] W2 St o] HA| gol & -9 F17} Qlof AotS oA
o] AL 20129 o] A% A Ga A WeKoea ol Welska 990 =80 Hek ERF 1-29] A7E
Rural Economic Institute 2018), 82 600 g &2 AZASH ot FH ToFo] AlXHo| Al&Eo|Lf FA 7fjdo] folsith=
A& 2018 thH] 201990 miE0] 20% SR, 4= B 7HA AL Qlek. Al Ho] A2 dd & 4, 35
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18 Aot - 25 - olo] - HeF - F2F ERET R EEP

57 5 AEA #art doju, 7k oA E8 Al
BA7E EASHE mPEL F4o] Wt 4+ ItHKim JG
2017). 82 Pseudomonas sp., Escherichia coli, Enterobacter
sp., Salmonella®} 2+ TR v E 5ol 2ol 71do]
Th(Fonseca & Rushing 2006). T|AYE @ F-2 AE9] REAT}
bR/l RS 7] "izoll, vl8E 5 FAE S A
g0l ot SR 8HHKim 5 2011). 7FE A2 7F Z=ARE Al
Hol AF9] ngEoH A FEE A irradiation
(Nthenge 5 2007), electrolyzed oxidizing water(Guentzel &
2008), organic acid(Akbas & Olmez 2007), ozone(Selma 5
2007), chlorine(Beuchat 5- 2004), sodium hypochlorite(Niemira BA
2007), ethanol(Cho & Park 2012) 53} 72 HltHo| ALE-H ).
UV-Ce HI7HE At A8 7|e=A T2 A5 £ 1|
AESH 2 ¥ £0l= o o] &5, 53] 253.7 nm 3]
UV-Ci= P]4E2] DNA baseo]] 45 FoA n|¥ES AHE
AZIEAL FE A QU (Kim 5 2010; Kim 5 2011). =3 A
2 g8 Q4] it 4B|Re] ARl A, R I 2%
o] FFS A BA| o, Ao} FA H|-§o| A A 0]
I(Kim 5 2010), Z-57 5A4o0] LaL A FAHEo] FAHEA]
= Aog HIEo] QJthKeyser 5 2008; Manzocco S
2011). 3HH, UV-C 4tufo} HAS do7]= E4 A&
AFehA] WokE Zuid 4= /1o v (Jay IM 1996), B U9
Fulet Aol AR &AL Fe AoE EiFHH
(Lamikanra & Richard 2004; Hashizume -5- 2007; Manzocco &
2008; Alothman 5 2009). UV-C 5 H|7}E A+ A& AY
Aoz g5 fefiAe S AlFolA 9% & T 2
= FAISHEA, tldE 48 AAA7IAL, At a3t 9l
ojo} 3tt}(Fonseca & Rushing 2006). UV-C *{ &7} A4 Ho]
] m A& W ARHAQl 4 sl v JF, 5
gho| 3, ol27|d, AEEY, Even &2 IF
27g alehEo ¥l tigt FE7F BEStH, S F3
= Etoll A&5 2 A= A9 Qls Aol EjE
A ARAA o g Bl AF At E8E I Qe ofEEe
Tt Adte LAARE A A QAL 70% oeZS EHA
TA|Z 0] 8F L UtH(Cho & Park 2012). wEhA] 2 A5Lo]| A
© UV-C 2AMIFE, 70% oghE ARg o5, UV-C 70%
ofgtE 77| TrUdA o} Bk Ao wE 4ld#Ho] A ¢l
= e F4, i+ F2Y ol vAl= %= Brhet

R 1

=

N ooz J

H
10 g X M o

all

lanatus cv. Josaengheugmi) 20221 3ol A 69 F<5of 5
S AS FAste] ARESEITE A7) 941 kg, B 10~11
°BirxQl < AEste] YA T)o| HEstHA ARE-St
At e A T 28 AAT O ALNARE 3
em FAZ AT v BET FEH HFTLE 2.5 cm, Al
2 25cm %°| 3 cmOoE At & A3G AFE7|(PSW
12155, Enterpack, Paju, Korea)o] 6 &2 ©9tth. A|9F Folin-
Ciocalteu’s phenol reagent, gallic acid, A|EEF, ol=27|d E&
£2 Sigma Aldrich Co.(St. Louis, Mo, USA)O| A F-5}%itt.

2. i B & HE

A @l ol J3FsH7] sl AME Escherichia. coli
(NCTC 12923)9] #F= -80TC ZAL PdZoA 20%
glycerol stock(v/v) |2 BHE AL ARSI E coli=
Nutrient Broth(Difco Co., Detroit, MI, USA)E A&-5}o] 37C
ofl Al 24A17F Bt ¥ F & 22t Altf v eFsto] SASHAIR
oh B #30] 2 o R E gRlsty] fIsto] A widet
o N2 0.1% sterile peptone watero]] 1082 35]4]5lo] A=)
sAo] 4% voke = B4E A Y Feot S
BT, BFAoT Agoigich. ot Hlo] £ coli A
Fo ANA YolA] 2+ 2710] 20100 LA HEIAAC

3. UV-C, BlIErZ A2

At pato] oS HETT thZ UV-C RARE SH3le
™, UV-C I =(253-257 nm broadband, 20W, Sankyo Denki
Co., Kanagawa, Japan), ~E|Q12| 2282 S2= R|2hgl 7o)
A ZA} AR (W700xD600xH100 mm)ol| 87]S H2bslo] &%
7} 248 =& QlFH| o] E](WIR-420, Dachan Scientific Co. Ltd.,
Wonju, Korea)ol| AX|5}Htt. A4z =47](HD2102.2,
Delta Ohm, Caselle di Selvazzano, Italy)E ©]-&5}0] FAFS
ZAFATE AR 0, 2, 4, 8, 16, 20 kI/m’E SFAT, o)
289 AZF 2 kI 12 54%, 4 kIim™2 32 49%, 8
K2 785 39%, 14 k/mS 1382 24%, 20 ki/m*S 198 263
7t 28 Atk 70% o[- of gk (ethyl alcohol anhydrous,
99.9%, Sanchun pure chemical Co., Pyeongtaek, Kora)¥} 57
£ 73(viv)o®2 &3glolo], EEF7](Burkle, Daihan Science,
Germany)o] g0} 2 ml(18]=1 mL)E BEaleict. ¥g A2
© UV-C A2 & o2 &5t

A AR

A

HI

4,
o
2

Z

o
et

o2 A A At 2 Ay A

10 g2 HoF W(EBMTM, St. Paul, MN, USA)of gt

2325 0.1% peptone water(DifcoTM, Detroit, MI, USA) 90
=

= 20} stomacher(BagMixer® 400, Interscience, France)S

o
“w=
0

off Oﬁ‘

ol il
N
-
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ol g3te] 9023} RS FUSHE GG B Az
2 AHgstent.

5. 0|55 &M

pHE= pH meter(Seven Excellence™, Mettler Toledo, Switzerland)
£ AREsto] S5t 7HEA LB R (Brix) ES F
2 I A(Atago Co., Ltd., Tokyo, Japan)E AF&-5}0] =75}
a1, MX}A|(Minolta Spectrophotometer CM-3500d, Minolta
Co., Ltd., Tokyo, Japan)E ©]-&5}0] I (L, lightness), ZA] &=
(a, redness), A (b, yellowness)S =745}t WA 314
o] BEML L, a, b grol ZH2F 99.60, -0.10, —0.430] AT},
Z25s &2 Folin-Ciocaltew’s H-2 ¥ g5t SA5H3ATh
(Singleton & Rossi 1965). ZF B A= 100 pLol] 2%(w/v)
Na,COs &9 | mLE F7Isto] 3823F ®AE & 50%(w/v)
Folin-Ciocalteu’s reagent 100 pLE 3 7}s}o] W3-8 30&-7t
A2 WX|§F & ELISA microplate reader(Epoch2, Biotek,
Winooski, USA)Z ZF L (750 nm)E 4351t ETH=
SAFL gallic acids EFEAE AMEoto] AL AASH
T AR 1 g 359 ng gallic acid equivalent(GAE)Z. A5
T}. X+ texture analyzer(TA. XT Express V2.1, London, UK)
o]-&5to] ZA5H L A 21 Table 13} At} HHk2
A 271(2.5%2.5x3 emZ A 5 272 S35k B
= ARgskelt

Moo

6. CH&E=T =+

A AR Alxt F dw> AE3 A (Ministry of Food
and Drug Safety 2018)°] &=5to] S74 At Al | mLE
108§ A 8] A5t Escherichia coli and Coliform Plate 7
2 WE(EC, IM™o] 1 mLE ST} o] F 37T A 48
AL BiFelAaL, FEA Feh F o0l 7125 F4% A
oe 247 R ASstec. 38 w49 A9
FI, UYE = log CFUOE LERY AT

Table 1. Measurement conditions of texture analyzer

Items Conditions
Pre-test speed 2.0 mm/sec
Test speed 1.0 mm/sec
Post-test speed 5.0 mm/sec
Distance 10 mm
Trigger type Auto(Force)
Trigger force 50¢g
Probe Blade

UV-C, ofigkg Aol ofet 4lidHo] s=Hte] &4 s} 19

7. 2jO|2H shgf

2to] ZHl oFg-2 Fish 5(2002)2] 24H-2 HPsto] AR
o1t 4 AJE ol 1 mLof| 0.05% butylated hydroxyl toluene
in acetone 5 mL¥} 95% ethanol 5 mL, hexane 10 mL& Y11
QAo A 1587F shaking ¥ ZH4 3 mLe @1 thA] 587F
shaking % 587+ W5t0] 253} hesaneSo] Be]5)A] ohe
o} 44359 hexaneZ Rt 0]-&-5F0] 503 nmo| A FHEE 57
sto] A4t oJsf et FSHATh

Lycopene content (ng/g) =
(Abs of samplex31.2)/weight of sample (g)

8. AIEEEZI Y of=7|l &2

Al 1 mLZ Fsto] 15 mL FYZ FHo| Y3 F/HS
9 mLg 7|5t th2 Ed45}te] membrane filter(PTFE 0.45 pm,
Guangzhou Jet Bio-Filtrartion Co., Scenic Science City, China)
2 of3}stal HPLC(Agilent 1260, Agilent Technologies, Santa
Clara, CA, USA)Z E-A35}9th. AH2 Infinitylab poroshell
120 EC-C18(3.0x150 mm, 2.7 pym, Agilent Technolosies, Santa
Clara, CA, USA)°|9lo ™ 0|54 0.1% phosphoric acid(in
ionized water)E AF8-5}9] isocratic mode® A3} O 0]
o §4-2 0.3 mL/min°| 1, UV FAE7] 200 nm 3H7of A
R ASGITE FYLL 2 ylo| 1 AESY, of2|y EFE
A FH5E 018310 011,000 gl FE 34510
Aae 2Aato] Agsior

2l= SAS T = T3H(SAS 9.1, SAS Institute Inc., Cary, NC,
USA)Z 0]|-&35}9 one-way analysis of variance (ANOVA)Z £
A%t T 5% 4~F0]| 4] Duncan’s multiple range testS A A]5}0]
2 solge AR

ol I
Mo

= Il = Uy |

M

=

1. UV-C ®X2| M2k mE im0l s4te| E2

Am

1) pH, &, Mz

UV-C ZAMES Eestal &3 pH, Bk, Mr=
Table 20]] UEFN I} pH = 5.7~5.9 Alo]|& UV-C RAMAZ
o @& §& Hol= A YUgkom, Kim 5(2013)0] Hil
St 428t Q2B (Citrullus lanatus cv. Uriggul) 5.8, A= Citrullus
lanatus cv. Sambok) 5.73} ARSE At G E= 11.2~11.6
°BrixZ UV-C RAMIFE {94 2joli= 22| Y% 2™ Kim 5
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Table 2. The pH, sugar content and color of fresh-cut seedless watermelon treated with different UV-C radiation

Sugar content

Color value?

UV-C radiation (kJ/m’ H )
(/) P (°Brix) L . b
Control 5.8+0.1%°Y 11.5+0.2 16.7+0.0° 11.120.1° 6.5+0.1¢
2 5.840.1° 11.4+0.4® 15.9+0.0° 12.140.0° 7.6+0.0°
4 5.9+0.0° 11.240.5° 15.2+0.0% 12.140.1° 7.3+0.1°
8 5.8+0.1% 11.3+0.4 15.740.15%4 11.620.0° 7.3+0.1°
14 5.8+0.0® 11.6+0.2° 15.3+0.1¢ 11.6+0.1° 7.140.1°
20 5.740.0° 11.5+0.1%® 15.7+0.4% 11.4+0.3° 6.6+0.2¢

Y Means+S.D. (n=5) within each column followed by different letters are significantly (p<0.05) by Duncan’s multiple range test.
? Lightness (black 0 <> +100 white), redness(green —80 <> +100 red), yellowness(blue —70 < +70 yellow).

(2013)0] Harst =t eNFE(Citrullus lanatus cv. Taeyangggul)
11.7 °Brixe} F-5AK(Citrullus lanatus cv. Mudeungsan) 11.6
°Brix®} Z-2 oIt M o] BFe tiEoA L(EE) 7
L 16.70]19 24 UV-C A} o= 152~1592 {970z
Aaokleh. BH a(FAE) e ti2olA = 1110312
UV-C A} 30j|&= 114~12.1 Afo] 2 tha F715l9oH &
5] 2~4 kl/m® A} Tl E94Th b E) 32 a 3T A
Sl UV-C 24 % S71elsion] 2 i 24 9] 71 ¥
AW, gokomE Ajolg LA Ealsich. ol B0
UV-C 5 Wit 2] A) A (L, a, by chzo 014 Afo]7h
I (Kim 5 2010), H=X]A L} ARl UV-C 10 kl/m’
A Al tdj2oF 5214 Zpol7t UA] it (Kim 5 2011) 2
o} ohE A eldH ol A A=, UV-C A W, A
% 27 wpg 5o Ao|2 elgh Ao wekdrh AMHo| %
gho] o =g A7k MAF U thlo] £4] B g moir]s
H](Rushing 5 2001; Perkins-Veazie & Collins 2004) & H7L0] A
UV-C &)= pH, Froll= S WIAA FAARE, 2ol
e o] AIATE Sl a(FAE) F2(Kim HY 2010) ]
2] Aol w204 Aolg HloH, o= UV-C A&
&l golZH o Fefoll Wt AUsS g 5 Ut

N

) BE

Ak S 020 kI/m’e] UV-CE Az Asie
I3t Hx 9] A¥t= Table 33 At} UV-CE A ZokA] &
£ 1,049.0 go] 3L, A AFER {22l Zol= H
o]#] ¢ko} 20 ki/m’ ©|3}2] UV-C A2l& F=9o] W} gl
A0 WtErh o]& 3 ki/m’ 0|5H2] UV-CE E5o}o] 3
L7t frol# Afol & HolA] §F2 Lee

£001302] ATt §
Apstoic.

7

=
= O
o A
T

3) E2|H=, 2I0I13H, of=7|H, AIES2! &
ETHsS AFE dRolAM= 4254 GAE ngg fresh

weighto] 2111, UV-C 2 kl/m* Z]2]o]| A 400.6 ng GAE/g F.W.2.
F 420 kI/m’o|| A= 408.5-414.2 ng GAF/g FW.0.2 tj %0
Hlg| fol&oz ZFAstort. o]H§ A= Artés-Hernandez
5(2010)0] A4 Ho] sEtof] UV-C A2] & Z2|5H& gFo]
o £(0.90 mg CAE/kg F.W.)o]| B]3f UV-C 1.60-7.20 kI/m? &
7] A] 7+4(0.85~0.88 mg CAF/kg F.W.)at9ict1 ¥ st Az}
22 Ao, e Aol= i 5 E Aol A
St BFEAY] Ao]2 It A& AYZHHL) UV-C Age
EdvE I Ao FFE v 5 4= lon M
o & A4 A T F7H A+7F Bastohar Azt
E}Ol:’“ 2 7IREko|E F 3 JEOE EntES} T2
2 Bdof| 2 FHR-Eo] dom, et FAketE A
%1'84 X 9 oM AT A=Y g Asf &t Bl &
9 THBoileau S 2001; Kim 5 2013). 2}o] 3 k2 tf o]
A 285 pg/g FW.019111, o] 3FFS UV-C 2, 4, 20 ki/m’ A2
5192 1 31.6, 30.9, 29.2 png/g FW.O.2 tj o] H|3|| &go]
okom, UV-C 8, 14 ki/m’ A2]3}9& W& 22 263, 27.2
ugg FW.C & tjzo] H|s gtgFo] Wolx|= AH3Foldtt. 2

Table 3. Hardness of fresh-cut seedless watermelon
treated with different UV-C radiation

UV-C radiation (kJ/m?) Hardness (g)

Control 1,049.0£99.3"°)
2 1,009.2+66.6™°
4 995.5+57.7"°
8 998.8+74.7"P
14 1,015.5+56.7"°
20 1,053.8+60.9"°

Means£S.D. (n=5) within each column followed by different letters
are significantly (p<0.05) by Duncan’s multiple range test.
NPnot different.
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30.20~55.43 ug/g F.W. o]Qithal Bl 5F9)al, £ Qo] AL
g A gle Hre] o]yl e ojHTh Wgkow o=
5, FEA7], A AYQ 59 Aol2 BZbET). Artés-
Hernandez 5-(2010)2 -2 A2F(1.6~2.8 kI/m)2] UV-C A&
T oM o] F=F et ¢l 48 € 7.2 ki/im® A2 &
ol 47k 2.6, 7.7%7t HASHATHAL Hasto] 2 A Ayt
M= o2 A3go|qdrt. ol kel A 3 of i, Heh 37
59 Aol 2 Qg AL R Y7 EH, tlEo] UV-C A2 A=k
o] o]z H 9] FFo] FFS vA F U AR

Skl FREGHA FR-EolQle HIE S ofn| Al AIE
EY2 of271d 9] HyAolH, 34 Alo]E9] FHHAL &
dolm Ao A Al AAS B &4 7S #4= A
oz oA 9lt}(Figueroa S 2017). ot27])d FF2 2~14
kI/m’e] UV-CE A J5tu& o tizo] u]sf gFo] fol4
02 &9on, UV-C 20 kiim® A4l iz ula] e
S Bk A EEY T2 UV-C 8 kimro A 3,5194 g/
g F.W., 2 ki/mol| A 3.446.1 ng/g FW.O2 th% 33845 ng/
g FW. B} =90th o] 7 AJ&of whet 3=k Sl 9
FE PR E UV-C A8 Aol THE-S AJARITE thx9] A]
EEY T2 Lee 5(2013b)0] - FAAYE Al H Alw
T 984S o R 2ALSE Bt 3F 3.1 mg/g FW.Ik FAL
594 TH(Table 4).

—

4) CH&ER

A Q= FEbol 652 log CFURY HidE HE &
UV-C(0, 2, 4, 8, 14, 20 ki/m®) A7) & A 4= H3E A
SHAtHFig. 1). thRo] Bls] = Ao g+t 71 A
skgjom, 2 ki/m® A8 A] 0.39 log CFU/g, 4 ki/m* X2 A]
0.26 log CFU/g, 8 kI/m* 2] A] 0.72 log CFU/g, 14 kJ/m* A
2] A] 0.33 log CFU/g, 20 ki/m? 2] A] 0.47 log CFU/g 74

UV-C, ofigkg Aol ofet 4lidHo] s=Hte] &4 s} 21

2 =
= n

E.coli counts (log CFU/mL)
o
n

bl
o

3
o
0 2 4 8 14 20

UV-C radiation (kJ/m?)

Fig. 1. E. coli counts of fresh cut seedless watermelon
treated with different UV-C radiation. ““Mean in each
column by different superscripts are significantly at 5%
level by Duncan’s multiple range test.

oto], 8 klim® A4 7bg @2 TAE Hrh Artés-
Herndndez (20102 A14mo] Z=uto] UV-C(1.6, 2.8, 458,
7.2 kJ/m?) A2 & mesophilic, psycrophilic and enterobacteria®]
F2YS7 AAEH AL, Fonseca & Rushing(2006)2 4141
o] uo] UV-CA1 IIAME Aok AL F2 &, 4
A3, AN N2 B QL FA FowA ol
22y % A7) BEEolen sttt B AL 2
Wit ZARE GARE B3t S9iTh mhebA R 24
A, ol zH B, ol=s1d B, AEB FF, UVC
24 A7 SE TS} olF APL UVC 2] H%S 2
W2 A5k A5t

C

V-C, OllEt=s Ch 2 HEt X2|0f| M2 AlMEO| 5

3 sy

2
HlO
4o

&

1) pH, B, Mz
pH, = Helo] W £.912] Zoli Holx] ghgron,
Mt o] Hla) 70% ok M A LS F7H5Ha A

Table 4. Polyphenols, lycopen, arginine and citrulline content of fresh-cut seedless watermelon treated with different UV-C

radiation

UV-C radiation (kJ/m?) Polypenol (GAE ug/g F.W.)

Lycopen (ug/g F.W.)

Arginine (ug/g F.W.) Citrulline (ug/g F.W.)

Control 425.440.0° 28.5+0.0¢ 391.2+1.6¢ 3,384.5+79.9%
2 400.6+0.0° 31.6+0.0° 438.7+0.2° 3,446.149.3
4 409.140.0° 30.9+0.1° 429.0+0.5® 3,313.5+10.5%
8 414.240.0° 26.3+0.0" 412.7+2.4% 3,519.445.1°
14 412.340.0° 27.240.0° 402.6+7.4% 3,298.4+9 49
20 408.5+0.0° 29.2+40.0° 333.0£15.0° 3,202.1+12.7°

Means+S.D. (n=5) within each column followed by different letters are significantly (p<0.05) by Duncan’s multiple range test.
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Table S. Quality characteristics according to UV-C, ethanol single treatment and combined treatment
Color value?
Treatment pH Sugaor CF)ntent
(°Brix) L a b

Control 6.240.1 11.2+0.7 14.9+0.1°" 9.6+0.1° 7.9+0.0°

70% EtOH 6.240.1 11.2+0.2 15.240.1° 8.9+0.1¢ 7.7+0.1°

Uv-C 2 6.240.1 11.6+0.4 15.240.1° 9.9+0.1° 8.140.1°

UV-C 2+70% EtOH 6.240.1 12.0£0.6 14.90.1° 10.1+0.0° 7.840.0™

Y Means+S.D. (n=5) within each column (*%) followed by different letters are significantly (p<0.05) by Duncan’s multiple range test.
? Lightness(black 0 <> +100 white), redness(green —80 < +100 red), yellowness(blue —70 < +70 yellow).

Table 6. Hardness and number of E. coli colonies
according to UV-C, ethanol single treatment and combined
treatment

Treatment Hardness E. coli counts

(g (log CFU/g)
Control 1,005.7+80.1"° 5.8+0.7°
70% EtOH 1,125.3+104.7\° 5.6+0.2°
UV-C 2 1,330.7+232.6"° 4.0+0.4°
UV-C 2+70% EtOH 1,137.74256.7"° 3.540.6°

Means+S.D. (n=5) within each column (*¢) followed by different
letters are significantly (»<0.05) by Duncan’s multiple range test.
NPnot different.

A= Fasto] Ho] Mshs Bt a g UV-C 2 kln?

#2] & 70% olgZ= ASIAS W tha 75k dixol
Hsf At F24e EATH(Table 5).

2) 2, ffEw E=Us

e AP B2 F94 AolE HolA| ok, tit
E2Y Fe Hx vs Ze Aol fojHe Fast
A.om, UV-C 2 ki/m? A2 & 70% eSS —‘ﬂr—?—ﬁ}‘ﬁ—% ‘TH

2 djH] 23 log CFU/g ZH43te] 7 awbao]ql
S(2003)2 0%(V/V), 10, 20, 30, 50% 5%=2] oeko] Baczllus
cereus, E. coliz 20 Co|A] 587t =&35fo] AyH5E ¥|wsh
A3} 30% 0]/439] FLolA AdEI7E AL, 50% 4 10
B2 A5 W BF AFEE A9E EJ_O}S&T%. Huang
S5(2001)2 60% ofEr-Zo] A 557 Aot PS w BF AFE
H A3E 5910, o] gk B3k ofeh=0] peptidoglycan
7t A%e] 22 Adfistr] wzolgt skelth UV-CeF 70%
OﬂEP% 1S Ael= 9 Aol s 4AldHo] A& 285

< 4 g 5 AAE Aol o ARHIS & S A
(Table 6).

o w #=

Ho| A =Eo] u|PESHH FAA 2=
i%?% 0 2 UV-CE 2838}14F AT
A0, 2, 4, 8, 14, 20 ki) 3 4 kel Bwst
ZARIALE E coliz FEH $E9] pH, dk, =
UV-C 2] Ao u}2 997 z}o]E Ho|x| QIgr1, Z&]
H= ’é;%*% EH¢(425 4 GAE ng/g F.W.)ol| H]3f 2453t
gho|=2 2 2, 4 kI’ A PS W thR(28.5 ng/g FW.)
oA EE}% et 31.6, 30.9 pg/g F.W.0]11, o2 7|dx} A]
EESY 9 94 gz v|3)] fojFoz F/8ATt. E
L UV-C A& A] SolFo g 7tastgon YA 7
A, o ]_?V_ sleF, of=z7|d deF, /\]EEE] shef
UV-C A} A|ZE 5lo] o]& Ay
L 2 k2 4 ﬂoh_ UV-C2} 70% ofj et

HO

coli =

£

2 V-
=

g}
UV-C 2 kl/m? XH T 70% 01]LE§=1

H] 2.3 log CFU/g Z+A5}ta] 7P a3}&o
T+ A3 UV-C 2 kiim? ZAS} 70% of
Y= FEke] AdHo] AR 3 F 2

VAT T
& gao] Ay Aol wEn.

41:

FL

_{

P

SATATAI @A
Aol Awz olo] 2

=

2 A3E 5
3 PJ012588022019) A o]l 9J5F A
At=Eg Yt}
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Antioxidant Activity and Physicochemical Properties of
ABC Healthy Juice Replaced with Berry Fruits
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Abstract

To increase antioxidant activity and physicochemical quality characteristics, four kinds of berries (blueberry (BEB), blackberry
(BKB), cranberry (CNB), raspberry (RSB)) with antioxidant activities were used to replace beet (B) in existing ABC juice. In the
experimental group, the pH was decreased while the content of soluble solids was increased significantly. Total polyphenol content
was significantly increased in all experimental groups compared to that in the control group. The control group had the lowest
polyphenol content at 14.723 ng GAE/g, whereas the blackberry replacement group had the highest polyphenol content at 67.12 ug
GAE/g. The total flavonoid content was the lowest in the control group at 8.98 pg QE/g but the highest in the blackberry group
at 50.47 ng QE/g. All experimental groups showed significantly higher antioxidant activities than the control group. DPPH & ABTS
radical scavenging activities were the lowest in the control group at 15.69% and 19.55%, respectively, but the highest in the blackberry
group at 48.24% and 59.43%, respectively. SOD-like activity was also the lowest in the control group at 14.12%, but the highest
in the blackberry group at 48.18%. When comparing experimental groups, antioxidant activities (DPPH, ABTS, SOD) and antioxidant
components (total polyphenols and total flavonoids) were in the order of BKB > CNB > RSB > BEB > Control. In conclusion,
the new ABC juice containing four types of berries is enriched in antioxidants with significantly improved antioxidant activities and
physicochemical quality characteristics.

Key words: antioxidant activity, DPPH, ABTS, total polyphenol contents, ABC juice

M E 20%, T 40%0]T}. Al H|E, o zbE HlghulS )R

3 Alol4e, Bju, B2, Wetel 5 ofe JPas B2

ABCFAZ Ak HE, B 5 352 FARE 3o A2 S $HRShE Qlo] ABCRATE MBI Theket 9% 4

St LR E Dot 2+ XHE-J ok 2R Apple, Beet, Carrot) 2 Q3 2 Qi) k3 tEA F1p} Qo] e

5 o) ABCEAT QU ok A PAESRARA B Lol EFME she @tel aztel g Mo ok BR

29 AFAHR TV 228 So)A tololE, slEae 5 of 4T A9 WA ALENE 9lof Holo|ES s
o 5% - 52 TR} 9lo] oS 0B HAEHQ AH|RFS o)A ZH3e uba 9lohal Gk

715 B Sle AL FEA Qlrh. dA Algol Hs] Fhd, A @59l AR AL vlE Co] o] 0.74~1.22

I Q)& ABC F29| BFo1E vig v &2 AL} 40%, HIE gL MR YERGED, AHEE 0.299~0.556 ¥ 9] CHHwang
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S 2011). HPLCE EZH=3lRMEs] AEs 4% 24
S-hydroxymethyl furfural(5-HMF), chlorogenic acid, caffeic acid,
( —)-epicatechin, quercitrin, phloridzin 5 97§ 2] &4t} &<t
Hlro|tel 2 EovE SigEo] #eE o= Hily
o] Qltk(Hwang 5 2011). A¥HA O & chlorogenic acid2} ( -)-
epicatechin®] 3§tgFo] 2z}t 8.45~279.90 mg/L, 74.47~523.24
mg/LE 7P E9kow, 7+ HuddEe] 2442 B AlEl
Al FARE S UEhd A o2 B E Itk Hwang 5 2011).

BB E= Yolobil, A4, A, e A, <, F4t, HE
B 50 &2 AA9 wdg HEvlo] v 3FgEo] 9l
31, AR} fAto] FHst] AT Al2E AT FA9
A7 9T gkl BaEo] JthKim 5 2010).
E3t 5y StgER TS AFoA HEHIE AfE 5
S22 1.55 g/100 g of dry weight, & FEE2 1.23 g/100 g
of dry weight2 UE} O™ DPPH ozt AAEA E3h
53% ©o]AFe] S HQl Zlog HIl FHolQlth(Lee & Chin
2012).

T2 Aol A-R-et B, 7F=E| ol &, nylE 59 4
84 B4 o okl Jlow, S84 Al 4oz} HlE}
9 A9 HAFAR] B-carotenes TFF -5k Tt TS I
Arsh a3, A4y o, FAAE 5ol 2 A% YEY
L Ao% BuEo] grkSharma S 2012).

T2y, oot &2 ABCFA0] tigt ti52] Q17|19 g
Fshol . A AHQ] AYPA+= AFI FHolH, whzt
A ASEA g2 IFE 852 Farsty AvRE 7|ered
27} At} olo] wEh & Ao A= ABCFEAY] V5=
ASst7] flsto] ikl B4 WEs| A7 ekl 7]
Z Ho|HE F53HL T Yolrl ABCFAS 53020l ®
Ed & JoHANE E HHYFE AR 2E 22 S4H
Mde] ABCFAE 7HEstalat shyich &, Y9 Apple +
Beet + Carrot TjAl Apple + Berry + Carrot¥} Zro] H|g|H-E
A = ABCFAE 7Hdste] 11 715481 FEE4
< BASIRIHE HIE tjAlo] ARES g R § EFHY 3
I 2= 4R F e E Pt 2dt 5 oheRe A
A& AYIL Y= AR & AA Uth(Martineau 5 2006;
Seeram 5 2006; Su & Silva 2006; Jeong 5 2008). °]&3+ AY
Ao 7|5t AEoZE HEHo ZTHE INHE
Qo &= A 1L, AFHlS, Wid R 5ol e Wol o-FE o]
U FEAlOP WAL Qlom, o] = Thadt FUA THY

17 7152 do] AAMARAS 7|54 Bat ohfet B

o7 ®H1E Hf QIth(Boo 5 2012; Nam 5 2015).
A= M2 71648 252X Y 7S B
5t7] fJsto] HIE ti4l 4%5:9] wWgFEFH 2, &, 2

FA9] - Jo - MY -

op»

e SFAEIUIBA

T H

Wlel, xS AT I A ABCEAS A
stla, olsebd BAEAHL BAsIgom Fast BAY

FAaANE AstA7|o] Bushs Hpolc.

Nz g

.,.
It

1 =3

Aol AR&SE AFH(Apple), B (Carrot), H| E(Beetq= =
2l £BFoA I PSR L, 452 HElFe EFHE
(Blueberry, A&4h), &2 2] (Blackberry, HH|4), LH]2]
(Cranberry, T]=4h), 2h=H]2](Raspberry, AH4Ho] d=
SAEE 2 B oA Fistch. 71Er E4] AR
3t A]QFO F Folin & Ciocaltew’s phenol reagent, DPPH(2,2-
diphenyl-1-picryl-hydrazyl), ABTS(2,2’-Azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) & gallic acid= Sigma-Aldrich Co.(St
Louis, MO, USA)o]|A] S-9]5}931L, potassium persulfate(99.0%),
pyrogallol(99.0%)+= Samchun Co.(Pyeongtak, Korea)o| A T
319 9™, Quercetine Daejunghwagum Co.(Siheung, Korea)o]|
A Fstol AHgstei

2. ABC A AR HIE

2 Al AFOIA 7MY sl s gl 712 A
o wigtelS Fasle ofel ZEo] A=E v gl o
A5 B HIEAT T HEH O Table 13} 2
1 FAstol Azt S, Waulo] aet ARt 2

AR ARG BF BaEo] Yol LI ojz|o] olzste]
4 A=z AH8shett

pHe} 7184 1P E SFFS Z47F pH meter(S70 SevenMulti™,
Mettler Toledo, Greifensee, Switzerland) % =& %= A (PR-201,

Table 1. Formulas of ABC juices (unit: g)

Ingredients ~ Control ~ BEB" BKB CNB RSB
Beet 40 - - - -
Blackberry - 40 - - -
Blueberry - - 40 - -
Cranberry - - - 40 -
Raspberry - - - - 40
Carrot 80 80 80 80 80
Apple 80 80 80 80 80

Water 1,000 1,000 1,000 1,000 1,000
Y BEB: Blue berry ABC juice, BKB: Black berry ABC juice, CNB:
Cran berry ABC juice, RSB: Rasp berry ABC juice.
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Atago Co., Ltd., Tokyo, Japan)Z =75} th(Jang 5 2017,
Song & Park 2018).

N
o
>

= 3HF =42 Folin-Denis o we} 243519
& Lee 2017). A|& YN 0.15 mLo]| Folin-Denis A|2F
0.15 mLe} F7<= 0.7 mLE go] Xgslal 58 52 §HSA|
ZATh HHE-Holl 10% NaCOs 84 1.0 mLe} 374 1.0 mLE
Eotsto] A AdEiolA Aol 1.5 hr T AT & Bg
33 A|(Ultrospec 2100 pro, Amersham Bioscientes, Uppsala,
Sweden)E ©]&3l 760 nmof|A SFEE SA5ET
Gallic acidE ©]-85to] EETACZHE F ZejuE IF

= AhESHH.

g ol b 42 Kim 5(2022)9] WS ¢
Aot S45nh AR ¥ 1.0 mLe} 5% sodium
nitrite 0.3 mL, SFF 2.0 mLE JEF & 587F AL0A
HH-S-A]7]2L 10% aluminum chloride 0.3 mLE A3} £33
o] 68.7F AL0oj| A HF3A]Z] ] 1 M sodium hydroxide 2 mL

Z22= 24 mLE 335to] B3353% A|(Ultrospec 2100 pro,
Amersham Bioscientes, Uppsala, Sweden)S ©]-&3] 510 nmoj|
A FHES 2H5A0H A2A Hquereing o810

IN
fl

(&)}
o
z
i
14
0z
A
z

|

1) DPPH X}7eiC|2 AEM

DPPH 22|12 A724.S Jung 520229 $3S 2
B 4gsto] 243kt AlZY 0.8 mLo] 70% ethanol 1.5
mL, 0.02 mM DPPH(2,2-diphenyl-1-picryl-hydrazyl) €% 1.5 mL
£ AG H FHANA 15 hr % FASHL BFFEA
(Ultrospec 2100 pro, Amersham Bioscientes, Uppsala, Sweden)S
o]-&3te] 517 nmoll M FF=E SHSIALL, et E2 &
2]-& 0]-2&3}o] Electron Donating Ability(EDA)E AH&351A T}

EDA(%) =

C;S x100

C: Control absorbance

S: Sample absorbance

ikt B4 W olsRkY A B4 27

2) ABTS AtRaICIZE AHEN

ABTS A42}0iz 27242 Jang 502)9) e A8
743t 24513t =, ABTS(2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)8% 7 mMe} 2.45 mM potassium persulfateS-
1:19] v && EF3E 5 A4 16 hr ¥H-SAIX] & ABTS
222 FAAA 34 H ABTS 2L ofjeh2 =2 5]45}0]
734 nmoJlA] &3 &L= gto] 0.70+0.027} H =5 245t
At 71 5 ABTS €9 0.75 mLo]| A|FE9Y 0.15 mLE &35}
o] GAofA 657t HHA] &, B33 T A|(Ultrospec 2100 pro,
Amersham Bioscientes, Uppsala, Sweden)S Al-8-5}0] 734 nm
oA FUES 25

ABTS radical scavenging activity(%) = O;SXIOO
C: Control absorbance

S: Sample absorbance

3) SOD TFAlEA

SOD GARHSS Marklund & Marklund(1974) 2 Lee 5
(022)9) $HE DR SHstel 2otk AR 10 mL
2} pH 8.5 Tris-HCL buffer 3.0 mL, 7.2 mM pyrogallol 0.2 mL
£ tiAIste] 25T F25FoA 1023 §HAIX § I N
HCI 0.5 mLE tiAIet & &34 %A (Ultrospec 2100 pro,
Amersham Bioscientes, Uppsala, Sweden)S ©]-85}9] 420 nm
oA FHEE SHeIsc,

SOD-like activity(%) =

c—S
x1
c 00
C: Control absorbance

S: Sample absorbance

6. SHXzZ

2E APS 33 W2 2YsIso0], ATk PREad
Az YER It ZF Batgtoll Jiet #9# Rl Afol= SPSS
(version 27, IBM Co., Armonk, NY, USA)YE ©]-&3}o]
ANOVAZ 243t 5 Duncan’s multiple range testE A A]5}0]
<005 SZIA RS FANAT Ao FABE 3
I FAkSE FAE 1HY] AUHAE Lotk 7] fiste] Person
of AL AAFHST,

=

Zhig!

k=,

1. pH ¥ JI84 TEE 8
7|12 ABC 29| B9| Beet 4l BerryE tjAoto] TH=
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ABC F£9] pH 3 718/ N2 eF2] Woh= Table 20
UERH AT 2 F29] pHe tj2Fof ¥Is] BerryS thA|
FooA B Fastynt. 277t 6142 7P ¥, &
oGS AT F2a7t 5542 7P Eorou g F A
A &2 oAl Zol= It Kang 5(2015)2] &FH]
2] 2252 YA 39 pH 332-3.652 EIE H} Qlo] H|E]
T AATE F29] pHE AaA7IEd e = ASE A
A=
7H8d L&Y AFS AAH LR HE Al benyS
At A 7ML FE Aol FIHo® Edth o
2 F247} 940 Bx%s 7P Woka, gkl S giAet =
271109 Bx%ZE 71 =4 YERHT Song 5(2014)2 =%
£ 2|9] 7184 1PE FFol 835 BxwolA A
9.71 Bx%7HA] &€ Aoz Busiqirh B doA &
Fug] Al ABC F2% 103 Bx%E oRth 4 Yeht
g F2oM EFHE 9 2 A= 2t IF WE<d
Ao® F4H

2. & EClnil= E.%*

Wl HE AR ABC F40] F Belils L Fig |
o et gict. W ﬁ@ 2 H4BA9] de] Bxslo] 9)
2% HARR ] St chopst BAg T2 A, 7

St Zhe 4283 2= ) phenolic hydroxyl7]-4 g9 9
3 apatsl, - 2 ot =9 A e 7]—7\1E]-(Song
2014). AAZH o2 27| v berryRFE hASH ZE A
F2olA & EulE ol 2o r FTIekH HIE
7b Z3E 2T 14.723 ug GAE/gO & 7P WL ghake
Hoom, Eauz ABC FAOA 7FE =2 67312 1g
GAE/g 9] 3HFS YERYQITh Song 5(2014) E2H|E] F
E29] % Zdvs 3teF 24 A} 138.4~141.1 mg/100 g
2 A yepd Ao B33k v} Qlrh EFF Nam 5201582

Table 2. pH, soluble solid contents of ABC juices

ABC juices pH Soluble solid contents (Bx%)
Control 6.14+0.02*Y 9.40+0.1*
BEB? 5.54+0.06° 10.3+0.0%
BKB 5.63+0.04° 10.5+0.0%
CNB 5.59+0.08° 10.1£0.0°
RSB 5.610.04° 10.9+0.0°

Values are expressed as the meantS.D. (n=3).

Y Means with different letters (*°) within the same column are
significantly different by Duncan’s multiple range test (p<0.05).

? BEB: Blue berry ABC juice, BKB: Black berry ABC juice, CNB:
Cran berry ABC juice, RSB: Rasp berry ABC juice.
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Fig. 1. Total polyphenol contents of ABC juices. Different
letters (*°) are significantly different by Duncan’s multiple
range test (p<0.05). BEB: Blue berry ABC juice, BKB:
Black berry ABC juice, CNB: Cran berry ABC juice, RSB:
Rasp berry ABC juice.

A=, of2Yot, A, s=HE e & Eevs dFS
2 1 mLg 350.86~369.56 ug GAES] & #% 190t
E2H|2]9] ¢ 23149 pg GAE/MLE B2 WG Zoz

H 15193t} Jeong 52015y o} & Yo} > EHu|2] > 2|
29 o7 HutA o= HZ|Ro Hs4 9} H=9] o]
=0 Aog BAXQT 7]eto] IAF AL 40 umole

GAEg &Y< HaLstt. ohd, S| ’“Ur«l Ry
8= dFol 279 mggC 2 HIUE7|E stoi(ung &
2015) ARl w2t EvlE A HIT FELE UE
wou, FEAer WERe Eeue el 52 Aos
gRleo] BlE Al H2|FE tAIRE ABC F£9] & &1
= 4T SR 9FE = AR AmdEn.

Fig. 20 e iet. Hetd o 3157} ToE 2T FA
of vlsl Hi2lFE AT ZE A
ggol fodor FUstAtt. H

8.984 ng QE/gO 2 M4 Woral £ tiA|gt ABC F
27} 50.468 ng QE/gC & 7MY =0kt SHH, Al & &
BHo|Eo FFL F EEjvE FgoAe nprA R
I BKB > CNB > RSB > BEB > Control®] &A1 2 =7 U
Efstet. o]9F T2 BUT FFL T HET STk 0|
T oo gt AAEAIEA Aol A EHR1E] Y tH(Table
3). &, & Y= T § SR ol 3F 7 gk

09822 ek} WS AFI JBBAT U & 5 A
th Ko 5015) E3F 2524E Delste] A2e 222
228 5% ARS BHT 2% F SehHiolt G
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Fig. 2. Total flavonoid contents of ABC juices. Different
letters (*°) are significantly different by Duncan’s multiple
range test (p<0.05). BEB: Blue berry ABC juice, BKB:
Black berry ABC juice, CNB: Cran berry ABC juice, RSB:
Rasp berry ABC juice.

ZedE g S22 AgEE 593 A4S Ay
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At E . H2RF 5 £8P Y] § St olE ko] of
Qh of2] B AuEH Jung (20158 0.60 mg/go] A=
B 75193, Kaume S(2012)2 74.4 mg/100 gO.2 R I35}%]

o1 Choi 5(2017)2 AZHH o] wel 3.8-6.2 mg/gS TR
St Q& Histke & Rt oIl £
% Kang 5(2015)2 & 43} 11 FAHEC] S kolE
F B4 A1) 7HY =2 o] 2413 mgglE B

o} 9ick
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4. DPPH XFRaC|zt A7EH
H2| 52 ThAISE ABC F:229] DPPH A-§2ht)Z 242
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Fig. 3. DPPH radical scavenging activities of ABC juices.
Different letters (*°) are significantly different by Duncan’s
multiple range test (p<0.05). BEB: Blue berry ABC juice,
BKB: Black berry ABC juice, CNB: Cran berry ABC juice,
RSB: Rasp berry ABC juice.

A gME 212 o §8THlung 5 2004). ARFHOE v
E7b 2gE ago] Hs] MR BE AP

B24%% 7HE w2 A 84S HAeH, Alm o=

(2014)> A4 FEAEe] = £5 E5H2] 9] DPPH 2t
Z 2AZAo] Wi F= 9EF 0|3l e, 1,000 ng/mLo] 5
TOlA ZZF 79.17% E 74.1%F S HISFF T TS Nam
520159 HioANE LI 3% Hgy 2599
DPPH 2}t]Z AAGAY L BE A4 SEoEH0Z F
7¥stlon, ot2yo}, =] Bl 2F=H|E]| 9] -2 °F 96%
9] &5 Hol wWje 53 AoE YEHTh Jeong 5
(2015)2 ofrtolHE] > ot2 Yo} > 2] > I:lH|Z] &
O = g4go] FoF o =0, AXwTt 7 W= B
SHRE Lee 52015y Stz 2)7t thE H2| & Bt
OF 2uf 0]A} 9-0]4 0 =2 203 mmol TEAC/100 g T4

Table 3. Correlation coefficients among antioxidantive compounds and antioxidant activities of ABC juices

. DPPH radical ABTS radical SOD-like
Polyphenols Flavonoids . .. . .. ..
scavenging activity scavenging activity activity
Polyphenols 1
Flavonoids 0.982 1
DPPH radical 0.945 0.983 1
scavenging activity
ABTS radical 0.967 0.994 0.997 1
scavenging activity
SOD-like activity 0.992 0.995 0.967 0.983 1
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S eyl b 22u]g] 0.86 mmol TEAC/I00 g B 2}=H]
2] 0.77 mmol TEAC/100 gC & X 115} th.

3HH, ABC 24 7Zh7bo] abAlsl AJual apaksl gHAjof o
b AR SR 23 DPPH SUi2 47494 & S
9 = ZEtE o)t $1eFo] gk ZhZF 0.945 X 098302
et e B8 ABRAZ 98] 25tk Table 3).
A2Hoz ML ABC FA9 AT AT 2 JAT B
o] 27l FHHY YFE FE AR Amar)

mh‘ ol

5. ABTS AlReiC|g

H 2|75 tAIgE ABC 29| ABTS Afett|d &AEA
2 Fig. 4°] U ict. ABTS A-f-2ttZ-E o]-&3t 4kt
&9 Z4H2 potassium persulfate®}2] ¥H-3- 02 A==
ABTS zh2tt]zo] Alg o] Hitks} E4of s A|A =
o] g}tjzt EQ.0] Alo] FEMo| SME|= AL o] L3t Hi
o]tH(Ko KS 2013). DPPH o]z AAEA T} upd7t] 2 |
27 A¥olA ABTS A2tz AAGAHE fojFos
EUTH &, 27 19.58%E 7P Wkon, E9HY S
A7} 59.43%2 7 =9k} Ko S5(2015)0] £-4151 2247
ZZ2E0] Ao 1,000 pg/mL S Eol|A 88.08-98.13%2]
ABTS &)t 2A7AZAES B Ao g By Hf Qi gHH,
ABC A Z17k0] 3pArs} Ad 5} hatst g/gof ofgh At
Al 24 A3 ABTS Sz &AASHL F Ejvs € 5
Saluyo|T 3ko] (Zhe ZH7h 0.967 U 0.994% LFERET,
DPPH 2tz 2AS/J3H= 0.9972 Yeht v =2 A
AE AYIL Q= ZACE ERIEGITHTable 3). Lee &
(2015) IEZF =4 #2729 F4tst 24 B AFollA] ABTS
At AAEdo] DPPH €43 AR A& Els

2HEY

ABTS radical scavenging activity (%)

Control CNB BKB

Fig. 4. ABTS radical scavenging activities of ABC juice.
Different letters (*°) are significantly different by Duncan’s
multiple range test (p<0.05). BEB: Blue berry ABC juice,
BKB: Black berry ABC juice, CNB: Cran berry ABC juice,
RSB: Rasp berry ABC juice.
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6. SOD RAIEM
Superoxide radical-2 pyrogallol AFSIA A 24 B2 §
‘gst=dl, A 8ol EAY 7% ol2Igt pyrogallol®] At
SME7E Bt 1S o83 R4Sl SOD FARY
AIE Fig. 50 YEPH ATH(Cho 5 2007). WA A 0= H|Z]
% PZOIA SOD ATAo] BE RO kT, A
F719] <=A4|&= BKB > CNB > RSB > BEB > Control2 UEFgt
G gETE 1% 1 2L BT WAL HYT B
A2 E AR ABC A AP BI%E 7MY =2 &
Abet &4d& Holoh ghH, ABC 24 Z47+9| Akt =3t
SpAleh ol et A 4 23} SOD AR
ZEE 9 ¥ SetRkol 9Fo ke 747 0992
09952 UERE RIS} 0] WS PAS BHE 27}
Sh= Zlog Atz ot E3F SOD R-ARMI T DPPH 2HdjZ
4794 U ABTS 27 AARAT] Rt 2tz
0.967 & 0.9830 % UtelL}; 4te}t E/d7ho) B = w¢-
E2 202 g1 QItH(Table 3).

doz WES GAN A WeRd Az
ABC F49) A3 A% U AT BHES B8 SIS
B Qo] FF 75 2R AME EEE s U= A
o8 7|tHrh

Q% ¥ #=

£ d7olA= 71& ABC F£04 B 3 5= Beet H

SOD-like activity (%)

conror e e -

Fig. 5. SOD-like activities of ABC juice. Different letters
(*°) are significantly different by Duncan’s multiple range
test (p<0.05). BEB: Blue berry ABC juice, BKB: Black
berry ABC juice, CNB: Cran berry ABC juice, RSB: Rasp
berry ABC juice.
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Al AL &4 9 olaked FHAEALS S7HAIZI7] Aol &
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AF Jigstazt siaith #HEE tiARE BE AE oA
pHE= ZAastelon, 7R 13 E 2 foFo = F7t
st & EYjHE g e AdTolA xRS §
ox oz Zrlslch RT3V} 14723 pg GAE/gl 2 714+
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grd A8 9 SOD AR BT di27F A4
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2ol RoHor =t St JEF EYves € I
ETtE ol E 3s) ¥ gH4ks} &J(DPPH, ABTS, SOD) &
T 352 o= BKB > CNB > RSB > BEB > Control <=°0]%]1l
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Medicinal Mushrooms and Oriental Medicinal Plants
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Abstract

To increase antioxidant and antibacterial activities of seasoned soy sauce, five kinds of oriental medicinal plant(Scutellaria
baicalensis (P1), Coptis japonica makino (P2), Citriunshius pericarpium (P3), Zizyphi spinosi semen (P4), Crataegus pinnatifida (P5S))
and four kinds of medicinal mushrooms(/nonotus obliquus (M1), Hericium erinaceus (M2), Phellinus linteus (M3), Lentinula edodes
(M4)) were added to seasoned soy sauce. Soluble solid content, pH, salinity, total polyphenol & flavonoid contents were determined.
DPPH & ABTS radical scavenging activities, SOD-like activity, and antibacterial activity were analyzed. Experimental sauces showed
decreased pH but significant increases of soluble solid content and salinity. Total polyphenol content was 12.76 pg GAE/g in the
control. However, M1 and P1 sauce had significantly higher polyphenol contents at 352.14 and 528.25 ng GAE/g, respectively.
Total flavonoids content also showed the same pattern. DPPH free radical scavenging activity was the lowest in the control at 15.75%.
It was the highest at 81.80% in M1 and 68.88% in P1. ABTS free radical scavenging activity and SOD-like activity showed the
same tendencies. They were higher in the experimental groups than in the control. As for the antibacterial activity analyzed by the
paper-disc method, the activity increased the most in P1 and P2. In particular, P2 had the strongest antibacterial activity. Its activity
against different microorganisms was in the order of Staphylococcus aureus > Bacillus cereus > Escherichia coli > Salmonella
typhimurium. In conclusion, these new sauces show increased antioxidative and antioxidant activities. Therefore, they are expected
to be used in various ways as a functional soy sauce.

Key words: antioxidant activity, antibiotic activity, DPPH, ABTS, SOD-like
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9 5ol oigt 927t Qlo] BER W RHA
H7bzo] AHL Utk B AEHT Y
H7HE] FRE oF 20000 E2o] 2ot 1 F Thg
RS AL i AL FrE B A42A Ha
Su2ot o A BB 635%E Aok 91, 1 ke
QAP 24 L f3A] £AR AL WE ETHByeon
& Seonu 2002). ©]9} Tste] H FYThA| FZO YA
oA TS T AT BB AENNLE, 4
2, PR, ADPEA, AL @ opu st SO
AR olu] YAA S 22T YA F A4t AZo] A&
H3 9k o]9f B S Y120 FAAAE et 4
HAEY] B4 AAREAC] et A Q419 Frjo]
U2 Adad @4 Ao ArHd

B ATOIAE Akt Ul B Ao] 4 SR AR
FEHALE BE3te] AR5 Aol ot

M
N Lo
2

ol

ol

§2 1> o

fo o
N
o
>,
oy 2

1. =

Ao ARG P AES 5502 Fa(Scutellaria baicalensis),
AYAY AW (Crataegus pinnatifida), Y21 (Zizyphi spinosi semen), &
2 (Coptis japonica makino), 3 (Citriunshius pericarpium)> 2021
d S3E FAAEL 38 AR GRAGIA A o)
oAt WA (Lentinula edodes), =g %) o Al (Hericium
erinaceus), A7 VA (Inonotus obliquus), YW A (Phellinus linteus)
< 2L oA dF sttt 71EF Ao ARGSE Al
9FO & Folin & Ciocalteu’s phenol reagent, DPPH(2,2-diphenyl-
1-picryl-hydrazyl), ABTS (2,2’-Azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) @ gallic acid= Sigma-Aldrich Co.(St Louis, MO,
USAYA 431 3L, potassium  persulfate(99.0%), pyrogallol
(99.0%)+= Samchun Co.(Pyeongtak, Korea)o]A] Y5} 0.H,
quercetin Daejunghwagum Co.(Siheung, Korea)o| 4] <-15}o]
A1

2

PR AE AFs] A%t dix2T 20
F - FAR HieH]= Table 19 YERH AL ohE3} o] A
Z3IATH P2 dHddE E3 Al FQ ofF E=9
Hgor o] HAER & 2IFHom upitgitolA Al
£ - gfiste SEIY FRES APkl ARSStAT

AAAEF FARSR] o, AR A JgaE, da

E

ra

39§ - Pl - SaY ATAEIUIDNA
Table 1. Formulas for seasoned soy sauce base
Ingredients Amount (g) Ingredients Amount (g)
Soy sauce 600 Garlic 70

Water 500 Cooking wine 70
Rice wine
Radish 250 . 40
S (Cheongju)
Ginger 180 Dried red pepper 30
Apple 150 Pepper 30
Pear 150 Red pepper 30
Green onion 100 Kelp 30

F, 8, ok, tARE 52 S5 A AR P ARINE
ol A tufstiet. HE =S £F5to] Table 19] ]
w2t Alget & AT =9} BRo|wof o5t AFAIZE 7+
o] 7Fs8t % 7]2Fg7](DW-890, Daewoong, Seoul, Korea)]]
9 15087 AL Folis BU FU 50 44T ARE
o) HolE % Aolrely, £e1E vhl F 0T 2 Wt
A A2oA At g o g 22-E Ao 2] 2T
ZU| LN S At o]9F Fo] FojAl uZHFAA
ol 200 mLo]| 5%9] HA AE(E - (Scutellaria baicalensis),
NI (Citri unshius pericarpium), 2 (Coptis japonica makino),
AYZ Q1 (Zizyphi spinosi semen), AXAAW(Crataegus pinnatifida))
2 4F0] FGHA (=TT oW M (Hericium erinaceus), ‘32
WAl (Phellinus linteus), X7V A (Inonotus obliquus) D FE 11 H
Al (Lentinula edodes)y S 25 g A7Vt Y2z stof| 2547
B FET F oIAE ofsie] AYTES UL ol &
Aol Naz AMESHH

3 pH, JI8M TEE BT U oE

pHS} 7+ 1 E T2 247t pH meter(S70 SevenMulti™,
Mettler Toledo, Greifensee, Switzerland) 2 =23 #|(PR-201,
Atago Co., Ltd.,, Tokyo, Japan)Z= =745} tH(Song & Park
2018). ¥YE== YT A|(SB-2000PRO, HM DIGITAL, Seoul,
Korea)E ©0]-85}o] =43} tHKim & Han 2016).

4. M5 MEO| BiE
1) & ZallE BE 55
% 9l W% 242 FolinDenisiio] whet 27519

TH(Song & Lee 2017). A|&EH 0.15 mLo]| Folin-Denis A]2F
0.15 mLe} FR4 07 mLE Yol AL 58 Fok A
A HEg-2of 10% NaxCO; &4 0.7 mLe} S7F= 1.3 mLE
aote] A oA Aol 1shr 9t HA|FE T Ultra
Violet-Visible spectrophotometer(UV/Vis spectrophotometer, UV-
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1601, Shimadzu Co., Kyoto, Japan)E 0|85} 760 nmo]| 4] &
PEE 24519 Gallic acidg o] gsjo] EEFHo 2R

B & &9 FFE AEsH

< Kim 5(2003)9] WS o
B $45t0] 245At AZH 1.0 mLY} 5% sodium nitrite
0-3 mL, S5F5 2.0 mLE AR & 587 AL20A4 ¥H-3A]
7] 10% aluminum chloride 0.3 mLE 7ol £3dlo] 68
7F AL20] 4 ¥F3-A1Z] FH 1 M sodium hydroxide 2 mLe} Z5&
4 24 mLE &E35lo] UV/Vis spectrophotometerS ©]-2-3f]
510 nmo| 4] SFEE &%5MY 2 querceting 0|85l H
ZIHOoRHE £ ZgtHLo|E =S A&t

o
o

ths}

[

A 2y
1) DPPH X}RaiC|Zt AHEA
DPPH A2tz AAEA2 Song HN(2020)9] HH-S
AR LAl 251 Al EY 0.8 mLo] 70% ethanol 1.5
mL, 0.2 mM 2,2-diphenyl-1-picryl-hydrazyl(DPPH) &< 1.5 mL
£ gt § G4 1.5 hr B9t BFX|38lal UV/Vis spectro-
photometerg ©]-8-5k0] 517 nmol| Al FZEE S5k, o
21} A2 F4]& 0]85}9] Electron Donating Ability(EDA)S
AhESHI T

c—-5
C

C: Control absorbance

EDA (%) =

%100

S: Sample absorbance

2) ABTS RHFaiC|gr A{Es

ABTS A-9-8Ht]Zh 274 LS Oh 5(2014)9] HHHS Y&
HAslo] A5 Tt =, 2,2-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid(ABTS) 2 7 mM2} 2.45 mM potassium persulfate
E 119 MER TR FH LGN 16 hr WHEAI &
ABTS 2HtjZ2 344A1A 34 % ABTS &3 oe2= 3
Hato] 734 nmol A 278 SHE gho] 07040027} HE S
ZA35Th 71 5 ABTS 89N 0.75 mLo]] AN 0.15 mLE
S3lolo] HAlolA 687 WA &, UV/Vis spectrophotometerS
AHgtel 734 o4 FHES Stk

C;S x100

ABTS radical scavenging activity(%) =

C: Control absorbance

S: Sample absorbance
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3) SOD FrAIEN

SOD GAFEHA2- Marklund & Marklund(1974)°] ¥F-S o]
B 245t 245195 A5 1.0 mLe} pH 8.5 Tris-HCL
buffer 3.0 mL, 7.2 mL pyrogallol 0.2 mLE 37}5lo] 259
TR0 A 1087 §HSAIZ] 5] 1 N HCI 0.5 mLE 713k
& UV/Vis spectrophotometerS: 0|23} 420 nmof| 4] &4
= =459t

SOD-like activity(%) = = 100

C: Control absorbance

S: Sample absorbance

6. ey

Paper disc¥ & ] 851o] FLBA AMolA B4l Tl
d wEo] o) vlAE 404 muE 2Haiot 7t
wioko] AME FRE A%
Staphylococcus aureus, Eschenchla coli, Bacillus cereuss Macconkey
agar(TSA, Difco Co., Sparks, MD, USA) Hj X] o] glAst #F
£ 100 yLd FdstA BEFE Yt & HkE paper
disc(dia. 10 mm, Advantec Co., Japan)E ¥ Z] 9Jol] A& AW
50 pl/discE EF5FAT) YR AL 37T, 24417 WSS
Asigon], 23 BH 1AL disc 2712 ZEH dlear
zone®| 12~16 mm ¥ W= + 1724 mm¥Y U= + FH4EA
o glg T -2 Brlssch

T2 Salmonella typhimurium,

)

7. SHAZ

BE AFE 33 W 25500, Aot BEEH
A2 vepoieh 2 Bagol Bie 9149l Aol spss
(version 27, IBM Co., Armonk, NY, USA)E- 0]-85}c] ANOVA
Z EA3% 5 Duncan’s multiple range testES A A5 p<0.05

oA oS A5k AlRe] FAst 2T 4t

2} FHE7H0] AT A S QdolH 7] 0l5ka] Pearsone] Al
45 AAISHAT

1. pH, 7}8M DEE a2 U ez

WYHABT GRS A7I5te] WE RREAA
pH, 7H8-A4 T PE T 2 JEL= Table 20] UERfQich 2
0|7 A0 pHE @AY B2 7go] Blwetele o
Fgu AT} FHAES U Ao mE Hasigirh o
25 7Pg0] 59602 71 A vEhgoH, 2mE st
7Ho] 4.88=2 7H& Wttt Choi 5(2016)Q] Subs 71449
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Table 2. pH, soluble solid contents and salinity of seasoned soy sauces

Seasoned soy sources pH Soluble solid contents (Bx%) Salinity (%)
Control 5.96+0.03*) 18.80:£0.40' 2.58+0.04
Ml 5.23+0.03¢ 33.30£0.05° 4.06+0.07"
Medicinal M2 5.18+0.01° 36.60+0.20° 3.15+0.02¢
mushrooms M3 4.98+0.06" 28.300.15 3.39+0.04°
M4 5.2740.03¢ 27.00£0.10° 2.91£0.01°
Pl 5.38+0.04° 22.20+0.10¢ 3.09+0.00°
. P2 5.36+0.03" 21.00+0.05" 3.28+0.90°
. dgir:lzrl’tilams P3 4.88+0.02' 23.00£0.05" 3.1140.05°
P4 5.01+0.048 32.60+0.30° 3.89+0.00°
P5 5.12+0.01° 34.40+0.20° 3.300.15°

Y Means with different letters within the same columns are significantly different by Duncan’s multiple range test (p<0.05).

Values are expressed as the meantS.D.(n=3).

M1: Seasoned soy sauce added with Inonotus obliquus, M2: Seasoned soy sauce added with Hericium erinaceus, M3: Seasoned soy sauce
added with Phellinus linteus, M4: Seasoned soy sauce added with Lentinula edodes, P1: Seasoned soy sauce added with Scutellaria baicalensis,
P2: Seasoned soy sauce added with Coptis japonica Makino, P3: Seasoned soy sauce added with Citriunshius pericarpium, P4: Seasoned
soy sauce added with Zizyphi spinosi semen, P5: Seasoned soy sauce added with Crataegus pinnatifida.

A9 Bf279 pH 5160|9101} Bk 239 %S H7}
e 1] pH 4992 FHaste] B AT fAAL

7H8Ad PR L 2T o] 7Y Wkt dix

T 78] 90 18.8 Bx%& 7P wrom w2 wlolu A
< H71et 7H80] 36.6 Bx%E 7H =A Vet Lee S

(0150 Haw 2euet 4 7S] TEE gl 13
FL 3037%2 Biaslo] B 7o Lol Ale A7

3t 7EE T Wkt Kim 5(2020)2] 8B 740] B9 thx
T 7184 PR 31.73 Bx%o| A5t S| ES HN% 71

9] 7HAAIPE TFFS 3217 Bx%=E A
Hskot}. o9t Zo] kA B
FE o 784 TP EFo] Vol A
9] 57t XA = A} B0l QU= AR F
SQto 2L TEo| 7Hsskelth

Fr o] Aol T o] 2.58%=2 7P Wekow
A7P AL A715E 7H0] 4.06%E 7HE =A UEgt) o]
At Aik= gAY SHFHAE AA7F 2| AA|

AutS T3] fiZole| ks ReiPdas AR Al
ZEo] Q= o] A7 1 Hlo| A9 HAE ot
A a2l AR Qlstd] Az oz A9 fo] Fof5o

= 2719 Aoz
-

5ﬂﬁ%¢¢

=

ol

Wx.

=

L7t 2718 Aoz ArzEci(ang S 2014).

2. & B2luls &Y

FEH AT PHRARS YR RoRgaae B
25 YL Table 30 Lrehfoie. s S 42
Aol 92 Bxso] gl 27 AAES] ShA T

29 BARE JAE, 49eRe £8% 4 Uk
phenolic hycroxy719] S40] ol i it o B %

9] AE7%5< 7FAtHSong HN 2013).

0“131“4 FPAMES A7 2L LAE 22
g iz 2uRPgasd vl & E2HE dFol dAst
A S7Fshe Ao® UETh &, di2771 12.76 ug GAE/g
o2 7P W2 Zl vls] FEHA FolAle ATHHA £u|
A A7) 352,14 ng GAR/gC.2 7H &k, AR
oML FF Zu|7PFAATL 52825 ng GAE/gO 2 7F%
BT & EvE GBS EAQ At 715 B
& o Fgo] £oHISE 75 Ao0] ST B 4 lo]

ol9} 7L AT W 1RHQ Ao AR Jang 5
2014y 5%9] 7|5 HA7IsE 1H49] £ Slefo]
2501 mg/gO.2 AT H]3) B Ao i} glof
£ et fAkstoLt

of

E2=
2 Byt

LB
iT

o

H

7Kgt Zu|zg A
Table 30 YEFQlct. ZH¥H& 0
S A7 2R AAE g2t B
= glefo] AR5 Z7het o2 LEhdTh
277} 30.03 ng QE/gC. & 7FF Wekal kAl FoA=
7P 27 AATE 26933 g QE/gO & 71 =9rom,
FRHAE FolAE FF 2HRPEAATE 37351 ng QB/g
oz 71 =9t}

Efti ot dEEE &

SAZE o ESth=oly

=
[<)

i

Autx o7 oFg



Vol. 36, No. 1(2023)

v GAS U FRe 37

Table 3. Total polyphenol contents and total flavonoid contents of seasoned soy sauces

Seasoned soy sources

Total polyphenol contents (ug GAE/g)

Total flavonoid contents (g QE/g)

Control 12.76+0.32 30.03+0.40'

Ml 352.1442.58¢ 269.33+3.331°

Medicinal M2 240.95+1.28° 138.530.40¢
mushrooms M3 170.15+0.878 199.69:1.80°
M4 123.89+1.11" 119.39+0.23"

Pl 528.25+2.88") 373.51£1.47"

. P2 491.29+2.32° 346.29+3.46°
Oriental P3 434.32+021° 173.90:0.89"

medicinal plants

P4 197.56+0.83" 239.80+1.41¢
P5 70.89+2.29' 83.69+1.87'

Y Means with different letters within the same columns are significantly different by Duncan’s multiple range test (p<0.05).

Values are expressed as the meantS.D. (n=3).

M1: Seasoned soy sauce added with Inonotus obliquus, M2: Seasoned soy sauce added with Hericium erinaceus, M3: Seasoned soy sauce
added with Phellinus linteus, M4: Seasoned soy sauce added with Lentinula edodes, P1: Seasoned soy sauce added with Scutellaria baicalensis,
P2: Seasoned soy sauce added with Coptis japonica Makino, P3: Seasoned soy sauce added with Citriunshius pericarpium, P4: Seasoned
soy sauce added with Zizyphi spinosi semen, P5: Seasoned soy sauce added with Crataegus pinnatifida.

84 Sehns WA AL dehfs MeAS ol

T84 = 5HAN 2
Sho] A5} (Kim & Han 2018), Z8] ¥ 3}5E0] YZo]
7] o] Hett F E2us A AR idS e

o B JRANE X5t AL HH) Lee & Song
(2018) ikt Ha ohA[ek £ 9 uhE thA|uE F71e
7H3e] EetH ol gFL t 27t 9.50 mgQE/gYl Ao
2 HIste] 2 A9 thR21 30.03 pg QE/gH T &2
oz u]vgoﬁ:} Eﬁ} Kim E(2013)94 E_Tioﬂ nEH 37
£ 7ot Az
EftE ol %‘ 3 S 3
S HYT 2599 210 ngmlLZ 7F 2 =S e
1 Hasto] Frhste Aol weh g0
o rjro]:—} 740; /\].EQ\:} izl 7 %u ]
H‘:‘J} G4kt SAof itk AHEA An T EYds
3 EtE ol g 7t rgho] 0.855= Wi A UrEP
ﬁl:}(Table 4). F¢H o7 ZdvE 9 SgH o|=e} 22
7154 B9 degFo] ZUet Aits Zu|7HAAL] o]—/\]—
3}t 7157 S7t0ll 2A 719 o= AleEoh

.

I

4. DPPH AMrEiC|E A{EAM
'@Hﬂjqﬂ_“ % RS VI 2m7Pg420] DPPH

7 £ABHE Fig 19] Uit DPPH A6}
AATH ZAWE HTH FHSRAE o 2ol
EIOH o4& 1

=

U3 WS A A

drjgo] 2AHEA BAHE AYE ol8TTHng 5
2004). SF§H AT AL WK EAHFLAL
&20] w|s) DPPH 2htlzt 2AZ0] BA3] S71e Ao

2 Uehgdth & gz 4o 15.75%9] 121 ﬁoﬂ Ll

A7 Al ZU| PR AAL 68.88%E S7HE L, B &
N are 81.80%2 7 =9t} ot 2uj7bgA A0l &

A%t R R PASE B0 e 4Ty A, Belus
% Eehui-o]S YR} DPPH bl 2449 4o

70

50 h

EDA(%)

30

20 i

10

Control [ M2 ma 2] M3 P3 M1 2] Pl

Fig. 1. DPPH radical scavenging activities of seasoned
soy sauces. M1: Inonotus obliquus sauce, M2: Hericium
erinaceus sauce, M3: Phellinus linteus sauce, M4: Lentinula
edodes sauce, Pl: Scutellaria baicalensis sauce, P2: Coptis
japonica Makino sauce, P3: Citriunshius pericarpium sauce,
P4: Zizyphi spinosi semen sauce, P5: Crataegus pinnatifida
sauce.
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h i

L gho] 7+ 0.509 2 0.4642 LFEFITHTable 4).

Kwon 520142 nte} HAS H7Fst 71749 DPPH 7t
fed AAEHol 3A S7KHR AL E9] BIHAE
7Fet 7H3S] DPPH Attt £AZ4d0] 76.46%% 71
=4S-S B 18Itk Kim 52013y &7]9F ETHAS H
7¥et 2% S A] DPPH AHettld aAg/do] tiz=+ 7
of Hlste] A Yepythal Haskeit). o)} o] ek
AE 9 HARE VIR A9 Y P4} 71548E 57
AN S tks "2 A9 IAsHAT

5. ABTS Alr2iCizt AHEA

LHAE F FEHAS HUIeE Fu|PFAA0] ABTS
gz 2ASAE Fig 20 YER9lew DPPH iz &
AZAT I 2 HFEAE 9 R HAS HIe A
9 Aol foldoz FteAh &, fRTE 1947%2
o e B o kg Al F AV AL TH-2 64.85%
2 37 Z7FHAL, HEAAE FolAE 9] I 7o)
7621%= 7FF &9kt ABTS Stz £A8A SHHL 4]
Z 2o A5l A B2 o] potassium persulfate?} A3}
ako] A5 WslA|7]E HRS-S o] 8g Aoz Yo pH
HY ol A= foulgt Z7go] 7Hsatths Aol AUrhRe
S 1999). Lee & Song(2018)2 Y¥t Zm|7H4 o] up& thA|uf
2 Ak O 8 OAuRE 1% 2 3%2 471519 1 DPPH
2 ABTS )z £AEA % 7161932 Hilste] B
AFetE YA 5Tt EFE Zu| 7 AAC] FFASE AR g
FARS} AJof gt AAEA A1} Z2jus 9 etk o]
T 483} ABTS )z AAEA 9] ABTAA = rgho] 244
0.531 9 0.5292 YEREal, ABTS A-SEit)d AASAdT}
DPPH 2|2 2484 7+9] rgh 09872 UEh} 2 A
TAE HEtH(Table 4).

U oRgEA 259 A7t 14 SOD fAR

20 )

) H
0o

Control Ps M2 L P4 M3 L] M1 12 12}

ABTS radical scavenging activity(%)

Fig. 2. ABTS radical scavenging activities of seasoned
soy sauces. M1: [nonotus obliquus sauce, M2: Hericium
erinaceus sauce, M3: Phellinus linteus sauce, M4: Lentinula
edodes sauce, Pl: Scutellaria baicalensis sauce, P2: Coptis
japonica Makino sauce, P3: Citriunshius pericarpium sauce,
P4: Zizyphi spinosi semen sauce, P5: Crataegus pinnatifida
sauce.

X AT Fig 33} ZOm, SFEHAT IPHARS W7He
ZU|7Pg AL HaTo) W3 SOD §ARHAe] folHo
AT F71e A0E Uekdth. 3, gETE 1947%2
WO BYS HYoU APA A7t Al ez A B2
3191, B3 A7F Al 7621% 71 %7 Yebgeh SOD £
A} B2 pyrogallolo] superoxide 2HT1Z0] 215 254k
shsjo] ZABUES P WS ol§3to] BY3lv, &
A5t 9 E4) A pyrogallol®] A5} &7k ZAEEKCho
5. 2007). £ AFNA FEHAL A7PHA > JHA >
ETHA > 2F Yol il £O8 E0|7HgAA SOD &
AR FANAL, BRAARS 3 > A > 3 >
AEQ > A} 208 B BHS Urehiglc

s 0|7 an0] G0 4R U FABE Tl e

TR A3 Belils 9 Sepuiol= HEI 0D §4
G| JBBAL glo] 217k 0491 2 04572 e,

ABTS #A-rettd 27184 9 DPPH 2tz 2718/ 3}e]

Table 4. Correlation coefficients among antioxidant compounds and antioxidant activity of seasoned soy sauces

. DPPH radical ABTS radical SOD-like
Polyphenols Flavonoids . .. . .. ..
scavenging activity  scavenging activity activity
Polyphenols 1
Flavonoids 0.855 1
DPPH radical 0.509 0.464 1
scavenging activity
ABTS radical 0.531 0.529 0.987 1
scavenging activity
SOD-like activity 0.491 0.457 0.980 0.952 1
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SOD-like activity(%)

Control Ps M2 mMa P4 M3 P M1 P2 21

Fig. 3. SOD-like activities of seasoned soy sauces. M1:
Inonotus obliquus sauce, M2: Hericium erinaceus sauce,
M3: Phellinus linteus sauce, M4: Lentinula edodes sauce,
P1: Scutellaria baicalensis sauce, P2: Coptis japonica Makino
sauce, P3: Citriunshius pericarpium sauce, P4: Zizyphi spinosi
semen sauce, P5: Crataegus pinnatifida sauce.

22 Z47F 0952 9 0.9800.2 ER} o AmatA
CH(Table 4). 0|43} Zro] SHFAAE 2 FEHAS
W ZETPFAAL] FALSt 7)5Ado] AA 7ok
Atz

g ngl
3718t

Z
=
Hog

HA T 27 A 7A@t &/l 7HE AA ST
3t Ao Uehylth 55 BUHA H7F UM ASE A
At 459 BE ASEdolA IS YEldth &,
Salmonella typhimuriumo| A +, Escherichia coli®l| A +, Bacillus
cereus©l| Al ++, Staphylococcus aureusO| A +H=2 A4S
E 5 ARt P AE SolMe Sa FHE ARt 2
nRPgAasoA FetdAdo] 7P A FUKsHEeH, 11§
greo] 714 Q4519 Staphylococcus aureus > Bacillus cereus
> Escherichia coli > Salmonella typhimurium A2 =2 34t
24S eI
THHoE FHADAol F7IRE &A= FEHANA R
HAL > 27 AL > AL > e faiJo|H Al 0]]lom,
WHAAENA = FH > Fa > AR = 4F2Ql > 2119
A2 djzgtol Hls] /ol F7Iokt

sk K

Qo =
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Table S. Antibiotic activity of seasoned soy sauces

Sample S.typhi E.coli B.cereus S.aueres

Control - -
Ml -
M2 -
M3
M4 +
Pl -
P2 -
P3 -
P4 - + - -

PS5 - + - -

++

+ o+ |+ o+ o+ o+

++
+
-

+ T+ I + +

Growth inhibition size of clear zone: —, not detected; +, 4mm or
more and 8mm or less; ++, 9mm or more and 16mm or less.

MI: Seasoned soy sauce added with Inonotus obliquus, M2:
Seasoned soy sauce added with Hericium erinaceus, M3: Seasoned
soy sauce added with Phellinus linteus, M4: Seasoned soy sauce
added with Lentinula edodes, P1: Seasoned soy sauce added with
Scutellaria baicalensis, P2: Seasoned soy sauce added with Coptis
Jjaponica Makino, P3: Seasoned soy sauce added with Citriunshius
pericarpium, P4: Seasoned soy sauce added with Zizyphi spinosi
semen, P5: Seasoned soy sauce added with Crataegus pinnatifida.

7X 7171 fIoto] 589] HTHAEEH, AT, FH, A=z
I, AAFAY) 2 4F0] REHA (g oA, AH AL
A7HAL 9 B EA)S 7R 2P AL JHE St
A5 A PP HAET FEHAS FATFSE 2P AaA
7F di ko] Bls) AAF o2 pHE A4S, 7HAILE
2 3 s foF R STkl & EYHls o
< R ZUIPAATE 1276 ng GAE/gO = YERE 0]
H| 3| k&M A Foll A= A7 Al ZH|ZEAAT) 352,14 ng
GAE/gO &, S AE FollAl= FaRniPgairt 52825
ug GAE/gO 2 71 =9It} & EdtE ot T2 =+
7} 30.03 ng QE/gC &2 7P WA A7 AR e m| ity
AAT} Z¥2F 26933 ng QE/g D 373.51 pg QE/gO &2 =9kth
DPPH A-f-ett]Zd AAG/AYLE 2 2L 15.75%
2 22 Aof v|sh FFAAT) 81.80%E 7P =}ho™ 27t
HALAE 68.88%2] &/ UERIth. ABTS Afait|z
A2ALG 4 SOD fAEAE B 59T B e ol
g zto] Hls) Adto] BE =t AEHC R A
E FEHAS H7IRE 2uPgAsE EdHs € 29
Hlolt o] §ojH o g F7Fetqlal, 4tst 4% o
Zo] vlFf §-9lF 9l Z7FE H ) Paper-disc 0.2 B4
o FtE Aol M e et FH J7F 2P ALA
Aol 7P A ST sk 5o AL P
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2 71 Aot A, uE FFE 2= Staphylococcus aureus
> Bacillus cereus > Escherichia coli > Salmonella typhimurium <]
B £ e HEigdth AAd s Ft8AHY 5
7He OFgHIAL A bAoA ETHAL > AhA A > A
A > e FgdolHAlell L, TP AE A= F9 >
> AR = 429 > A9t o] Urehtow] Al mE
diztol vls) P80l Bt dEA R A=
T FEHAS H7IRE 27HgA L
P BHS AW 7154 LA T 888 & UL
Aoz 7g"r}.

#ZHA2| 2
o] =R 20223 E AT SHL chshe 1A AR
gt A7,
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Abstract

To enhance the efficacy of Abeliophyllum distichum leaves, extracts were prepared using different solvents for hydrolytic
enzyme-treated Abeliophyllum distichum leaves. Physicochemical quality and antioxidant activity were measured. Soluble solids,
reducing sugar, ascorbic acid, flavonoids, and polyphenols contents showed the lowest values in the control without enzyme treatment.
However, they showed high contents in ethanol extract. In the case of enzyme treatment, their values were higher than those of
the control. In particular, verbascoside content increased about 220 times more than that of the control group when treated with
enzymes and extracted with 50% ethanol. pH was lowered upon enzymatic treatment. Regarding DPPH radical scavenging activity,
for enzyme-free, 25% ethanol extract showed the highest activity among extracts with different solvents. For cellulase and
pectinase-treated leaves, water extract showed the highest DPPH radical scavenging activity among extracts with different solvents.
For leaves treated with enzyme combination, 50% ethanol extract showed the highest DPPH radical scavenging activity among extracts
with different solvents. Regarding ABTS radical scavenging activity, it was generally higher in the 50% ethanol extract than in the
water extract and 25% ethanol extract. In particular, verbascoside content was increased when the extract was prepared by co-treatment
with enzymes and 50% ethanol.

Key words: Abeliophyllum distichum leaves, enzyme treatment, physicochemical property, verbascoside, antioxidant activity

M E AAER AAH] o nAYRe £2 S35 S
7H4 Mo Zog AR E FEHFT Qlti(Jeong JY
0| AU (dbeliophyllum distichumy= EE5 S35 2020). -2t A gt sk B AUYR= AA L 14

(Oleaceae)ol] &oH= SFEREOR 14 1502 FUAT 159 A=A 77 22 SAMERA B20d4 7]
Aok S4tlEo ]D}(Hong & Han 2002; Lee 5 2014). & 4 %919 1877H4] 41994 &80l 7Hssicha & 4= et
5] 25 4l 248, 2499} A% Q5B 33L0] njAUE 20101 FAIARe] T B o] F-ofl et vhalof o7

T A= A7 = XH 1432 EE97] o ETF ¢ A WFE (Park & Jung 2017)2 GAFES] S-AZF Yot FER}
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A& ol&stAt & Hofl= AP SH, $UEX 5ol oF
3tElo] AUtk o]A ™ BEAY &80l oYX Al A gt
HHe o Ak ApYste AA7IdEQ1 vjAduF2o] AHl, B<
59 B4 wofstal o] &85t A54Q A7 E8
Sk,

20168 19 B1AUE: 9 322Eo] dolo] 4B
¥ A7E A2% 8 Aszol vzt A% 5o B 7% o
TA0] QA E o] TAH AFAEE AHYRIELRE TAY
& A2016-105)= 101 20199 2¥o& vAUER £7] &
SE(AD)el tisto] A AFARRE AFREFERE A
71% Al 201928)= 0] YA T2 AELAE] HliA=
o5 8§37 A7} IRt Aot

Iy A F Park JH(2011)> DPPH 2tz 475
243 A3t 0472%0] &2 T £A5L AT Ut
sfgon vjes BHAARE ol8F AANROIAE &
Hh-go] WEE A FUTHL SHTh E3E v F5E9)
YRFE, R=s} A, v, F95 I 24 59
AL(Kim & Lee 2015; Jang & Park 2017; Chang 5 2018)7}
olFolH O FRFol Y= RE TR o B
Foot A o @ M=o et WI st A of
bl i BEa Holo

o] AuUEof o] Qe AE 5 verbascosider acteoside
GuE Belou 22 Al AEolx WAT Y He
S 2011) I S o> A% Z25H (Imakura S 1985; Chang
E 2018) ACE 27| 50| 24=511(0h 5 2003) TSLP &
T B9 A2 FA4E oF8t A7l 7150l Atk A 9l
TH(Yoou 5 2015). TJF 43t its), FAF, A8
4 R 289k A 59 7lek EAHATHGalli 5 2020).

U, AFAGNA B4R 7eS T RS 57
AlZ1 A Y(Weinberg 5 1995; Wilkins 5 2007) o]+ 3FA), 4
&9 T = FAI Y FHLE ARRHI gloy
(Meyer 5 2001), "AUWF-S 718517] f19F aaxz] A+
£ ZokE o fle AAolth

wEhA], & Aol A= vl AU cellulase?} pectinase
50l 48 A3 & 7] &, 25% L 50% ethanol 21
B FEE2 AFskL o9 olgiets Y st B4S &
Asto] n]dUTE ot AiolA &85 f1't 7% A
"5 AEstarA skt

E

(o]

|

o k1o

ol

o o

It m,{u

[e]

3

Mz o

1.
Aol A8 Tl HLRILE 202d % 9folA 1190 57
B AL 0Tl FYstel ARE Agstec

& F olsiehy &4 Hisgt 43

2. OMLIRAS| SAX 2| & S0HY FF2 M=

oAU trEodE 8 HAREEY FETES
FIA7171 $15H9] Lee 5(2015)2] Wil Fhrzsto] vl vt
Folof 7R 8AE Arkste] a4AE nAURYd AR
2 AT = ohaat B 10 gof ik 2 mLE
7Kt & & 50 mLE 7Fskal 50°C, 80 rpme] RO A 24]
7F B9 WASHAA EAFEE SHch

2] 3 E(DW, distilled water) T 25 2 50% ethanol

2 H7KE & 308 59t sonicator(1875DAE, ETL Testing
Laboratories Inc, NY, USA)O| A &5}t 1 & 4,000 rpm
oflA] 2087 YAEE st oTHE 33] HHESte] F-Eotle
o 84E EZASISH] Yste] 90TolA 30& &3t * 25t
of AZA7|al PalEest] FEES ARSIl olHf9
A2 R, cellulase A 2]w(Viscozyme, Novozymes,
Bagsvaerd, Denmark), pectinase #|2]<(Pectinex, Novozymes,
Bagsvaerd, Denmark) @ cellulase®} pectinase G4~ H-&2] 2|
o2 St

C}

= 2F ol

3 DMLY $ES0 18y T8 2 3
pH =7

wARQle] TaNE ¥ gud $2E0 7184 13
B ke 24 gL A|(PAL-2, ATAGO, Tokyo, Japan)E o]&
olo] 24511l G FF dinitrosalicylic acid(DNS)O]|
9]t A (Chae 5 2000)0] 2J3}], pH= pH meter(Orion 520A,
Thermo Electron Co., Waltham, MA, USA)Z =745}t

o
[{0
ot

4, OMLIRQ F==E9| verbascoside g2k SH

o) AU FE-E9] verbascosidet:= HPLC(Waters, Millipore
Co-Operative, Milford, MA, USA)Z =73} om o|d
column Capcell pak Cig(5 pm, 250 mmx4.6 mm, Shiseido,
Toyko, Japan), detector== PDA(Photo Diode Array)= 330 nm,
injection volume< 10 pL, ©] A2 A £1(0.1% H;PO,), B
L1 (acetonitrile) = 5}9] Table 19]| 412} Zo| gradients}o] £
X351t} Verbascoside HEE-2 Eof &5 A] 7] wj&of
70% ethanolo] &-3f5}o] EA35}HtHXie 5 2012).

5 OMLIFR FE29| eitst M8 535

o] AUl 2250 tfgt ascorbic acid, flavonoid SH3HE,
polyphenol 3}3+E 5-9] Aksl A& =S tha3 2ol
=4gstect

Ascorbic acid®] &H2 7ZF =5 A7 02 mL 10%
trichloroacetic acid(TCA) 0.8 mLE A 7}5}1l YAl B2 7)o A
3,000 rpmO 2 5E FQt YAEFA[Z] & oj3total o9 0.5
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Table 1. HPLC gradient conditions for the analysis of
verbascoside in the enzyme-treated Abeliophyllum distichum
leaves extracts

Time (min) Mobile phase A Mobile phase B
0 90 10
7 75 25
15 75 25
23 40 60
25 0 100
30 0 100
32 90 10

- OJAIE - V1A - wiAgor - o] e - B - oleAl

mLo]| 2% metaphosphoric acid2} 10% phenol regentE S35}
of A2o]A 1087+ 9FA5FaL UV-Vis  spectrophotometer
(Uvikon XL 70, Sacoman, Ales, France)Z 760 nmoj|A] S0
= =451t Park S 2008).

Flavonoid 3}3HE9] $hef Z+7Fo] 2&5 A|& 0.1 mLo|
80% ethanol 0.9 mLZ 7}5fo] o] &3+ 0.5 mLo] 10%
aluminium nitrate 0.1 mL, 1 M potassium acetate 0.1 mL 2
80% ethanol 4.3 mLE Z+z} 716} AFL-o| A 4057F vFx]3H
T 415 mold SR A4S sl rEEdm
quercetin(Sigma-Aldrich)S A}-QO}Oﬂq-(Moreno 2000).

Polyphenol 3}e+&2 ZF &= 1 mLO] phenol regent 0.5
mLS} 10% NayCOs 1 mL, 7.5 mLA zeas Jdgz 23
sto] 302 FIet H 760 nmo A SHEE SH5IY o B
#2242+ tannic acid(Sigma-Aldrich, St. Louis, MO, USAYS
X235 THAOACH 1995).

6. DJMLIFR FE529| in gl

DPPH ee] 2 27158 12ke] 332 159 ST A
& 2 mLo] 02 mM DPPH 2 mL 7} € &3 & 42004
308 uRgsto] 517 nmol A FHEE ZHsto] ALkalgct
(Blois MS 1958).

ABTS radical £A%9 7Z-$ol&= ABTSA|2K(2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) 7.4 mMI} potassium
persulfate 2.6 mM& A| 23t & 5FF FRUF Ao 7Hx|sh AJeF
< UV-Vis spectrophotometero]| A &34 Zto| 1.5 0|57} &
£8 3R4E 545 F 545 ABTS A% 1 mLo] 228
< su _»54@'»5} AJE 0.05 mLE H715}a Ao A 9087} Bt
LA & 734 nmof| A BFEE 2459 THRe 5 1999).

vitro SHAksH Bt =X
(0]

Eﬁi‘
nd
o]
of
o. (o]
ﬁ
Y

DPPH 2 ABTS &tz 24% (%) =
AR HAT ) FHE

R EE RS

* 100

7. SHAE

nE A 33 ol ¥HE A% & SPSS 26.0(IBM
Corporation, Armonk, NY, USA)S o]83lo] HF 2 EZH
oot 487 el 6913009 ANOws

F43%F &, Duncan’s multiple range testo]] 23] A&+ 7F

el
94 #olg BA 3.

) A UEQ-S cellulase, pectinase, T cellulaseﬂ- pectinase
2 HeAE & &, 25% D 50% ethanolZ F&3}o] A X3t
&/ 13E, g F 2 pHE ST A

R229 AL, & FEE0|Y ethanol FE2E EF 093
°br1x§ F9AQ ZfolE Ho|R|&= Attt IHY a44F
T ER FEES ARSIYS o= cellulase A 2]F= 1.53
°brix, pectinase 2|7 1.90 °brixZ pectinase *2] A] -2
402 %A ek 58] ol A4S $EAARE 1
o 267 ot 74 2 40 292 T ol

° 2 YelY 84 2]A] cellulosel} pectin =2 5°] 715
ool 784 a9t el A etk Hos e
At a4FY T 25% L 50% ethanol £E5E-9] AL =
FEEY TRV R A4 E A &2 dREEY =
7HEd 1 Eo S Elth
Youn 5(2003)2 EAX o] o3t H2 2HMe] 4 4
AL A] cellulase@} pectinase G4 H-&XE|#o] dEZa4h
& AT Haol vl Fa580] w7 Yeht 2 47

rlo nd

EH 279 AL E & A 5.78%%] UTF
Hglo 14' ethanol2 & Alol= =53 742 6.05 2
9%z ti 2ol Hote] okt 2 FFS HYAT 79
Al Zpol= AT Y vl AU ol cellulaseE A ]
& F2EAHE 6.08%2 G4 FA 2o H|5te] £e
ZHS R HATF ethanol 2&Eof|A] Yo slko] L =
7¥oh= 7}‘1 S 3HIgt 4= A1t} Pectinase *]2] 9] &8
TOoIL cellulase Z{ﬂ—?iq— =0 39} stk
‘11 E5 ] 25% ethanol2 3 } S o7t 7]— =0 3}
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Table 2. Changes in soluble solid, reducing sugar content and pH in the enzyme-treated Abeliophyllum distichum leaves
extracts

Extraction solvent

Enzyme treatment

DW 25 % ethanol 50% ethanol

Control 0.93+0.06"" 0.93+0.21€ 0.9340.06°

Soluble solid Cellulase 1.53+0.06™ 1.70+0.108 1.13+0.06°8
(°brix) Pectinase 1.90+0.10°® 1.93+0.21%8 0.97+0.23%
Cellulase + Pectinase 2.67+0.06* 2.20+0.10° 1.83+0.23%

Control 5.78+0.04° 6.05+0.21° 5.9940.04¢

Reducing sugar Cellulase 6.08+0.13" 6.99:£0.09° 6.28+0.16"
(%) Pectinase 8.55+0.15% 10.14+0.28 8.97+0.39°8
Cellulase + Pectinase 11.95+0.01*4 11.58+0.02% 11.1120.31°4

Control 5.90+0.02* 5.90+0.014 5.88+0.024

- Cellulase 5.80+0.02°8 5.77+0.00° 5.77+0.01%8

P Pectinase 5.42+0.02¢ 5.42+0.01€ 5.40+0.01¢
Cellulase + Pectinase 5.31+0.00°° 5.2940.02°P 5.27+0.02°P

" Values with different superscripts within a row (*°) and a column (*P) were significantly different (p<0.05).

AR Holls 11.11~11.95%F 84 &= Ex 84 Aol A gl Aoz A=
BEAYA T 2 S Hole 208 Yl cellulase?t

poctinasc?} B34 714 e] Haol7]o] BAFO WPl o pMLISRI0] SARE| = S0 SE20| verbascoside
S7hF Aoz SaEI: B =X
C %(2015)‘1% —L—'?— ‘?‘%QE-’} %jq' 7]1‘}\3 %1/\] 7] H]/‘Kjl%—‘:,'—?j]_ﬂ _ﬁ_ii{ﬂ] _‘F,i %UH% Z‘,:%“QJ verbascoside
7] H3f cellulase T+ pectinase &= * 2] H o} amylaseS SteFo Table 37 2ok,
HEAYeHAE W A4 FA | vs] iAol & BAZ P s}R] Lo RO AL, B 2ZEO 103
F o] =ohal stof 2 Axe}l {ARE Aot ng/mLo] 0™ 25% 9 50% ethanol 2&E-2 77} 74351 U
o AURS 2589 pHe WR2EY A4 & FE500A4 1,273.02 pgmLE, & %=Zo] 8|3 ethanol i%Oﬂ/ﬂ =2

= 5909 32 B9 0o 25% 9 50% ethanol =52 Zhzt verbascoside $FF2 EITh a4A 29 32, —;_,‘—%
590 9 5882 2% Q1 A}o]E HolA= ot T8yt & 2, cellulase, pectinase W G4 HEAE <02 71
2Rt A, aa YA MG B2 pHY WSk B o] Zrletgl o AAXEE oFA] & iR H]5)
PO T} O F = pectinase, cellulasel] 2.7 UENY G4 ¥ xg]to] oF ogul] AL o TR Hol g4
A7t 229 AsLE Foto] |74 59 &&= <) pH O 2 M verbascoside §Fo] o Z71gS & 4= AT
o] AotE 7HH = AL R waEglon & & uE 25% H 50% ethanol F=ZEoA = &4 HEAY7} 7P &

i

Table 3. Changes in verbascoside content in the enzyme-treated Abeliophyllum distichum leaves extracts
(unit: pg/mL)

Extraction solvent

Enzyme treatment

DW 25% ethanol 50% ethanol
Control 11.03+4.82P 743.51+17.40°° 1,273.02+15.32°
Cellulase 147.0145.73€ 1,573.11£23.67°8 1,540.39+£6.76°5C
Pectinase 309.71429.91® 1,211.45+2.45% 1,744.00+414.67°®
Cellulase+Pectinase 1,079.20+36.93° 1,630.77+£35.39%* 2,466.23+42.77

D Values with different superscripts within a row (*°) and a column (*®) were significantly different (p<0.05).
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2 S Yo & FEEQ g2o] Hls) a4 1
/48 & 50% ethanol FZ50] FFF oF 2204] o]AF Z7}
SHATH. whEbA ‘EJ'H]”]' FASE FAS, AFESEY 2 2
Pk gyt 52 YehlEs verbascoside] dHeF FAS
A= cellulaseﬂ- pectinase 59 AAA 9} 50% FE
ethanol@ F=&35ho] vlFZ|E 21 0 2 THE|Q]tt. Verbascoside
= Eof 837} & Q=] alcoholFof] 2 R-3]%] 1 (Jeong JY
2020) E4aA o] o5 2Zo] ATE 7] Wil AR T
=iy

3. DIMLISQIo] B4/l F Y £E20 B o
2 53

o AuRQlel aaAE &
ascorbic acid, flavonoid SFSHE 9 polyphenol S+E-9] staF
_% _a;ﬁ S Ax J,].ﬂ Table 49]. 71-1-4.

Ascorbic acid®] F$-, 2T & FEE2 9.16 mghZ

7P R SR Bl 25% D 50% ethanol &A=

71 3ol fojFog FTkehs ACE UEL E K=
ethanol2 =& A] ascorbic acid®] &FFo] 27182 & 4= 9
t}. Cellulase, pectinase & G4 &2 Aoz & =&
& Ht}E ethanol EE9A] A A 0.2 ascorbic acid?] &
o] =QFo ] E3]| pectinaseE * 2|5} 50% ethanolZ &
3192 4 16.13 mg%2 7FY =2 sheRe Rt

Flavonoid 3}§-&2] dgolA= Y & FEE00A
= 9.96 mg%F} O} 25% E 50% ethanol FEEoA= 2+t
18.22, 21.16 mg%= ethanol®] =7} =24F $Hgfo| &7}

o= A0 UEYT] Cellulase @ pectinasesS ZH2f &
3t Feol= aLAsHA] g2 E7T} Bl f

g B% 7 @go] B Ao UL 53 S

ethanol &2 ¢ 7MY B2 Fg2 HAAT 84
A3t Afolle e Aeitdes 9y & FEA0 T
TgE Bk

Polyphenol 33+E2 U|2#9 &
mg%% O} ethanol &A=
2 E HoE cthanol2 FE9E o 11 g=fo] S/
& 5= JATt o] AYFEA o cellulase T+ pectinase & 2] Ao

X ascorbic acid Y flavonoid 3}3-E3H= 28] 25% ethanol 3

EZE50A 7} =2 RS H 9T 20 22X 50% ethanol,
E FEE oAUt &4 HEA A E 25% ethanol 3
ZE2°] polyphenol 3F3H=E29] o] 71 W2 A0 & et

}.

Lee 52021y HEL 84452 W ascorbic acid,
flavonoid & polyphenol S}3HE9] 3t =45t 21 G444
214 W29 20| AsElo] 2380l EobA F7IaIsitt
T o] B ABSL AAT AL BA} B B4R F
222 7 2% 22go] =olZ< sholg 2 9lqit}.
SHH, Jeong JY(2020)= 50% H 100%2] ethanol¥} methanol =
HAUEAS 2E3% T polyphenol SF3HE-T} flavonoid 313
=9| F= 5747 A, polyphenol SFetE-2 100% methanol
oA, flavonoid S}F3HEO)| A= 100% ethanolof| Al 1 o] &=
o Wolgir}x Bfo] B A} ohr AR 25goho] niet
s 4Ro] 23 4% So| YHAS AT 4 A

N b
TEELR

§2 o

—4

FEE9 A4 5232
747 70.28 2 89.61 mg%

iﬁ?

ethanol

Table 4. Changes in ascorbic acid, flavonoids and polyphenols contents in the enzyme-treated Abeliophyllum distichum

leaves extracts

(unit: mg%)

Enzyme treatment

25% ethanol 50% ethanol

Control 9.16+0.14°5Y 10.23+0.00°8 14.3340.51%

Ascorbic. acid Cellulase 5.97+0.28° 10.80+0.38"8 14.16+1.92%
COrbiCc acil

Pectinase 10.2340.65%4 12.93+0.89°* 16.13+0.43*

Cellulase+Pectinase 10.48+0.25% 12.53+0.28** 10.07+0.148

Control 9.96+3.08"5 18.2241.64™* 21.16+8.06°5C

- q Cellulase 12.13£3.97"8 19.09+5.23% 35.81£10.15*
avonol

Pectinase 13.44+1.30"® 17.13+4.34% 35.12+6.72%8

Cellulase+Pectinase 29.96+11.00* 21.04:+4.44% 19.95+2.85%

Control 52.32+40.51C 70.28+1.44°8 89.61+1.43*

Polvohenol Cellulase 38.37+1.24P 102.08+4.05 89.20:£1.20°
0. CNOIS

P Pectinase 68.47+2.89° 101.14+2.85™ 85.90+2.12%

Cellulase+Pectinase 87.3145.71% 107.94+7.41* 67.21+4.10%®

D Values with different superscripts within a row (*°) and were a column (*P) significantly different (p<0.05).
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4. D|IMLIFQIO| SARXE| = S0 FEZ2| &its) &
M =X
o o

] A UHEEQlof| cellulase?} pectinase 59 A4S 25t
7)o &, 25% Z 50% ethanol®] F=7} HEE ztzt &S
H7}Veto] A x38k 2%E9] DPPH 2]zt AA% 2 ABTS &
Uz AA5S £A3% A3} Table 59 2t} 4 oAU

o FEEE] it et G2 dudAst i, 240
-9 -5=5ted DPPH 2t} 4752 Al&9] 2254 3]

FEE2, ABTS &z 2752 7549 4% FE=25 A

—

ol
2
roll

Z+ AAL0 AL a4 EAF 3} 25% ethanol
F2E0] 98.04%=Z 7 w2 S-S HEMHJIL cellulase
9 pectinase A 2|3t & FEEONA 2+ 96.30 E 102.25%%
o] %o a4 HEAIEAE 50% ethanol &=
oA 7FE &L BAS Ho] 49 2uj7t Ak EAo] 2
7] T2 A& YeA|g 3 AuS 52 Eshd Ay
T FEE2 S} /o] % Ao E wHEIH
ABTS &z 42459 3%, &7 25% cthanol FEEH
U= 50% FEE0149] &4do] tiAldos wor 53]
pectinase L cellulaseE 212+ 2|5}l 50% ethanol2 &3}
= W7t 7P =2 84S HESlH
oAUl §44E & guf FE5E2 M s o
3 9lo] DPPH @ ABTS 2tz &7% &4 A] A9] 7H4o]
wokw ul AUl 249 §HAlE} EH4do] Foju o] & 34
st Bl ol ARoA 502 249 Hol Hole A
o= woEm A% A ANSoA9 Al & E 34 5
T 52 1Este] Bt Hogt A7 28T A0 R ARE
At
o9 22 0k SRR el B4 A
3k Ao] thokst Aa)F 7]54

X,

& F olsiehy &4 Hisgt 47

4 9lom, E3] A4AE T B Hul: 25% F= 50%2
ethanolS &-83}0] £&31= #o] vlZAle Ao 2 ALREHQ
t}. E35F S| ut, SRANS) S AARSEY 2 gy =
9] a7} Qlthal LA 2+ verbascoside AE-2 cellulase@}
pectinaseS A &|5}al 047] Oﬂ 50% ethanol®] =% 7} E| &2 35}
of 2EFES AT A A& RAY 9 & FE5E0= 1
stetol 20 o1] Hepol F/ASHE Ao Uelstel

20 o #E
o] AUEEQlof cellulase®@} pectinase 59 A A
aj7]o] &, 25% L 50% ethanol& FZE-2S A
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Table 5. Changes in in vitro antioxidant activities in the enzyme-treated Abeliophyllum distichum leaves extracts

(unit: %)
Enzyme treatment DwW 25 % ethanol 50% ethanol
Control 95.26:+0.73%50 98.04+0.20 91.87+1.408
DPPH radical Cellulase 96.30+1.96" 80.33+1.97°C 87.53+1.31%"
scavenging activity Pectinase 102.25+1 .45 95.17+1.66™ 90.92+0.91"
Cellulase+Pectinase 93.99:+5.67° 89.03+2.12°" 103.09+4.24*
Control 42.23+1.20°¢ 58.81+1.38 68.38+2.73*C
ABTS radical Cellulase 28.74+0.26° 45.66+1.37°° 94.50+1.35%
scavenging activity Pectinase 55.67£1.18°® 77.71£1.69° 98.75+0.86"
Cellulase+Pectinase 60.69+1.63% 82.77+2.84* 61.90+2.87°°

D Values with different superscripts within a row (*°) and were a column (*P) significantly different (p<0.05).
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Abstract

This study was designed to evaluate antihyperglycemic and antihyperlipidemic effects of ethanol extracts of Taraxacum mongolicum
(T'm.) on streptozotocin (STZ)-induced diabetic rats. Sprague-Dawley rats were randomly assigned to five groups: normal (NC),
STZ-control (DC), and three experimental groups. Diabetes was induced in Sprague-Dawley rats with a single intravenous injection
[45 mg/kg body weight (b.w.)] of STZ. An ethanol extract of 7.m. was orally given to diabetic rats for 14 days. Three experimental
groups were additionally treated with T.m. extract at doses of 1 g/kg b.w./day for T.m.-1, 2 g/kg b.w./day for T'm.-2, and 3 g/kg
b.w./day for T.m.-3. Oral administration of 7.m.-2 significantly increased their body weights. 7.m.-1 and T.m.-2 significantly decreased
aspartate aminotransferase (AST) levels than DC. Tm.-1 and T.m.-2 group significantly decreased blood glucose levels. Total
cholesterol, triglycerides, and free fatty acids were significantly decreased whereas high-density lipoprotein cholesterol was
significantly increased in groups treated with 7m. extract than those in the DC group. These results support the fact that administration

of Tm. extract can reduce hyperglycemia and hyperlipidemia risk in diabetic rats.

Key words: Taraxacum mongolicum, streptozotocin-diabetic rats, blood glucose, lipid profile

Introduction

The genus Taraxacum is a member of the family Asteraceae,
which is widely distributed in warm temperature zones of the
northern hemisphere, especially Japan, China, and Korea, where
it has many biological activities. Taraxacum species have attracted
the attention of researchers because of their anti-inflammatory,
anti-carcinogenic, anti-allergic, anti-hyperglycemic, anti-coagulatory,
and analgesic activities (Shi et al. 2008). Taraxacum mongolicum
(T'm.) is a famous traditional medicine that is frequently used to
treat inflammatory disorders and viral infectious diseases (Ma et al.
2019). Active compounds of Tm. include flavonoids, polysaccharides,
phenolic acids, sesquiterpene lactones, triterpenoids, tocopherols,
pigments, vitamins, amino acids, coumarins, and sterols that
possess anti-inflammation, anti-cancer, anti-oxidation, anti-thrombosis,
anti-hypoglycemia, immunity-enhancing, liver and gallbladder

protecting, and other pharmacological effects (Zeng et al. 2018;

Zhang et al. 2022). However, translational data about the effect
of T'm. on the pathogenesis of diseases are lacking.

Due to lifestyle changes and aging population, the number of
diabetes population continues to increase worldwide. The global
diabetic population in 2014 was approximately 422 million,
accounting for 8.5% of the adult population. It has been
estimated to increase to 783 million by 2045 (Sacedi et al. 2019).
In Korea, the proportion of diabetic subjects aged 30 years or
older had increased from 11.6% in 2011 to 13.6% in 2020 (Kim
et al. 2021). Diabetes is a chronic disease caused by high blood
glucose levels. There is no known cure for diabetes. It can be
controlled. In some minor cases, it may go into remission (Kang
et al. 2008; Lee NY 2013; Han & Choi 2020). Uncontrolled
glucose levels might result in various complications such as heart
diseases and stroke (Heather & Clarke 2011). Han et al. (2009)
have reported that the intake of 7m. powder can reduce blood
glucose, triglycerides (TG) and free fatty acids (FFA) in diabetic

' Corresponding author: Eun Young Choi, Assistant Professor, Dept. of Food and Nutrition, Bucheon University, Bucheon 14632,
Korea. Tel: +82-32-610-3442, Fax: +82-32-610-3205, E-mail: eychoi@bc.ac.kr
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rats Therefore, the present study was aimed to investigate
antidiabetic and antihyperlipidemic potential of ethanol extracts
of Tm. in different concentrations in streptozotocin (STZ)-
induced diabetic rats. However, whether 7T'm. ethanol extract
might possess antihyperglycemic and antihyperlipidemic effects
on diabetes remains unclear. Therefore, the aim of this study was
to investigate antidiabetic and antihyperlipidemic effects of ethanol
extracts of 7m. at different concentrations on STZ-induced

diabetic rats.

Materials and Methods

1. Experimental materials and extraction methods

T'm. plants were shade dried, powdered, and extracted three
times with 80% ethanol using a Soxhlet apparatus for 4 hours.
The ethanol extract was concentrated in a rotary evaporator
(SunilEyela Co., Ltd., Seongnam, Korea) at 35~40°C under
reduced pressure. The ethanol extract of Tm. was stored at 2~

8C until completion of pharmacological studies.

2. Animal care and experimental diet

Sprague-Dawley male rats weighing about 220 g were
obtained from Samtaco (Sam: TacN (SD) BR, Osan, Korea) and
pre-fed with pallet (Feedlap, Guri, Korea) for one week to adapt
to the environment. These rats were all individually kept in
stainless steel cages in an air-conditioned room with controlled
temperature (20~22°C) and automatic lighting (alternation 12
hours periods of light and dark). They were then divided into
two groups: a normal control (NC) group (n=6) and a
diabetes-induced group (n=24). Those in the diabetes-induced
group were then assigned to four groups with a weight-based
randomized block design: a diabetes control group (DC) and
three experimental groups (7.m.-1, experimental diabetic group
treated with ethanol extract of T.m. 1 g/kg b.w./day; T.m.-2,
experimental diabetic group treated with ethanol extract of T.m.
2 g/kg b.w./day; and T'm.-3, experimental diabetic group treated
with ethanol extract of T'm. 3 g/kg b.w./day). Rats in all groups
were supplied with the AIN-93 formula (Reeves PG 1997) as an
experimental formula (Table 1). They had free access to food
and water during the experimental period. T.m. extracts were
suspended in water with Tween 80 and administered orally at
a dose for 14 days. NC ad DC groups were given the same

volume of a 5% Tween 80 solution. Rats were individually kept
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Table 1. Composition of AIN-93 diets (g/kg diet)
Components AIN-93 diet
Corn starch 465.692

Casein 140.000
Dextrinized corn starch 155.000
Sucrose 100.000
Soybean oil 40.000
Fiber 50.000

Mineral mix" 35.000
Vitamin mix” 10.000
L-Cystine 1.800
Choline bitartrate 2.500
Tert-Butylhydroquinone 0.008

D" AIN-93 mineral mixture.
2 AIN-93 vitamin mixture.

in stainless steel cages for 14 days. This animal experiment was
conducted in accordance with guidelines provided by the
Institutional Review Board (IRB) and Institutional Animal
Experimentation Ethics Committee of Duksung Women’s University
(2022-011-021).

3. Induction of diabetes

Diabetes was induced in 16-hour fasted rats by a single
intravenous injection of STZ (Sigma-Aldrich Chemical Co., St
Louis, MO, USA) at a dose of 45 mg/kg b.w. in 0.1 M cold
citrate buffer (pH 4.5) (Lee & Kim 1999). The same amount of
citrate buffer solution was injected into the NC group. At 24
hours after injection, blood was collected from the eye vein,
centrifuged, and taken to measure blood glucose. Diabetes was
considered for animals with plasma glucose concentrations of
300 mg/dL or more.

4. Sample collection and biochemical analysis

To examine changes in blood glucose (Raabo & Terkildsen
1960) and cholesterol levels on the Oth, 4th, 7th, and 11th days
of the experiment, experimental animals were anesthetized with
ether. Blood was collected from an eye vein and centrifuged at
3,000 rpm for 15 minutes (HA 300, Hanil Centrifuge Co., Ltd.,
Seoul, Korea). Plasma was taken to measure glucose and total
cholesterol levels. On the 14th day of the experiment, blood
samples were taken into heparinized tubes immediately after
anesthetizing experimental animals with ether. Animals were

then sacrificed with a guillotine. Blood samples were centrifuged
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at 3,000 rpm for 15 minutes. Only plasma was taken and used
as an analysis sample. Hematocrit (Bauer JD 1982) was
measured immediately after blood collection. Body weight and
food intake were measured at regular time points for 14 days.
Food efficiency ratio (FER) was calculated by dividing the
weight gain during the total breeding period by the food intake
during the same period. Activities of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were determined
using a colorimetric assay (Reitman & Frankel 1957) with
commercially available kits (Embiel Ltd., Gunpo, Korea). The
absorbance was read at 505 nm according to the manufacturer’s
protocols. Plasma concentrations of TG (Embiel Ltd.), total
cholesterol (TC) (Embiel Ltd.), high-density lipoprotein
cholesterol (HDL-chol) (Embiel Ltd.), and FFA (Shinyang
Chemical Ltd., Seoul, Korea) were quantified by spectrophotometry
using commercially available kits. TG levels were determined
using a lipase-glycerol phosphate assay (Giegel et al. 1975).
Cholesterol measurements were based on the cholesterol oxidase
method (Richmond W 1973). HDL-chol was determined after
separating the HDL fraction using a heparin-manganese

precipitation procedure (Finley et al. 1978).

5. Statistical analysis

All statistical analyses were conducted using SPSS (Statistical
Package for the Social Science Ver. 23.0, SPSS Inc., Chicago,
IL, USA). Values are presented as means and standard deviation
(S.D.). One-way analysis of variance (ANOVA) followed by a
Duncan’s multiple range test was used to determine differences

between means of experimental groups. A p-value<0.05 was

considered significant.

Results and Discussion

1. Effects of T.m. ethanol extract on body weight, food
intake, and food efficiency ratio

Body weights of rats in diabetic induced groups after
treatment with T'm. ethanol extract for 14 days were significantly
lower than those in the control group (Table 2). Body weights
of race in the Tm.-2 group were higher than those in other
diabetic-induced experimental groups. Table 3 presents effects of
T'm. ethanol extract on food intake and food efficiency ratio
(FER). All diabetes groups had significantly higher average food
intake than the NC group. Among diabetic groups, there were
no significant differences in food intake. Diabetic rats had higher
dietary intake than the control group due to an increase in
neuropeptide Y (NPY) mRNA in insulin-deficient rat and a
decrease in the action of leptin receptors in the hypothalamus.
It has been reported that dietary intake is decreased when insulin
is replenished (Clark et al. 2004). All diabetes-induced groups
had significantly lower FER than the control group (Table 3).
This might be due to degenerative metabolism caused by
diabetes as a cause of continuous weight loss, although diabetes-
induced groups had higher dietary intake than the normal group
(Sun et al. 2023). Tm.-2 showed the highest level of weight gain
among diabetes-induced groups. Tm.-2 might have suppressed
weight loss due to diabetes induction. In other words, Tm.-2
administration could recover degenerative changes such as

weight loss due to diabetes induction to some extent.

Table 2. Initial and final body weight of normal and diabetic rats fed extract of Taraxacum mongolicum"

Group? Initial b.w.” (g) Final b.w. (g) Weight gain (g/14 day)
NC 248.947.1" 308.8+17.7 59.8+22.1°
DC 250.7+10.5 234.8+19.5" -15.8+12.8*
Tm.-1 251.146.8 237.8+12.7° -13.3+13.8"
Tm.-2 257.1+12.2 269.6+28.3° 12.5+19.7°
Tm.-3 251.0+7.4 233.5+25.7* -17.5422.5%

D Values are meantS.D. of 6 rats.

2 NC, normal control; DC, diabetic, untreated; 7.m.-1, diabetic treated with ethanolic extract of Taraxacum mongolicum (1 g/kg b.w.); Tm.-2,
diabetic treated with ethanolic extract of Taraxacum mongolicum (2 g/kg b.w.); T.m.-3, diabetic treated with ethanolic extract of Taraxacum

mongolicum (3 g/kg b.w.).

) b.w.: body weight.

» NS: not significant at p<0.05.

% Values with different superscript within the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 3. Food intake and food efficiency ratio (FER) of normal and diabetic rats fed extract of Taraxacum mongolicum"

Food intake (g/day)

Group? FER?
1 wk 2 wk Mean
NC 25.544.2%) 25443.6° 25443 .4° 0.158+0.020°
DC 32.244.6> 44.9+8.5° 38.5+6.3° -0.028+0.022°
Tm.-1 30.7+6.0 44.643.3° 37.744.6° -0.033+0.014
Tm.-2 37.143.0° 46.0+7.6° 41.624.1° -0.014+0.022°
T'm.-3 30.143.1% 43 446.0° 36.8+3.4° -0.036+0.047°

Y Values are meantS.D. of 6 rats.
? See the legend of Table 2.

3 Values with different superscript within the same column are significantly different at p<0.05 by Duncan’s multiple range test.

Y FER: body weight gain/food intake.

2. Effects of T.m. ethanol extract on hematocrit and
plasma aminotransferase activity

After 14 days of treatment with Tm. ethanol extract,
hematocrit levels were not significantly different between the
control group and experimental groups (Table 4). Dai & McNeill
(1994) have also reported no significant difference in hematocrit
between normal and diabetic rats. It has been suggested that the
increase in hematocrit in diabetic rat compared to normal is due
to water loss in blood caused by polyuria (Koh et al. 1999). Plasma
ALT and AST activities are presented in Table 4. ALT and AST
are enzymes present in hepatocytes in large amounts. They have
been used as indicators of the liver damage by leaking from cells
when hepatocytes are damaged and increased in the blood
(El-Naggar et al. 2019). Plasma ALT activity was increased in
all diabetic groups compared to that in the normal control group.
These results were consistent with Barbera et al. (1994) who
reported that the activity of ALT increased when diabetes was

induced. There was no significant difference in ALT activity

Table 4. Hematocrit levels and aminotransferase activities

among 7'm. administration groups. However, Tm.-1 tended to
have the lowest level of ALT activity. Diabetes-induced groups
had significantly higher plasma AST activity than the control
group, with the 7m. administered group showing significantly
lower AST activity than the diabetes control group. In a study
by Salau et al. (2022) have reported that as a cause of the
increase in ALT activity, STZ inactivates the -SH group site,
which is the main action point of ALT enzyme function. That
has been reported to increase ALT activity in the blood. As a
result of this study, increased ALT and AST levels could indicate
that complications might occur in the liver caused by diabetes
(Rho et al. 1998). Treatment of diabetic rats with T'm. reduced
activities of these enzymes in plasma samples compared to those
in the DC group. Thus, Tm. could alleviate liver damage caused
by STZ-induced diabetes.

3. Effects of T.m. ethanol extract on blood glucose levels

Blood glucose levels were measured at intervals of 3 days to

of normal and diabetic rats fed extract of Taraxacum

mongolicum"
Group? Hematocrit (%) ALT (KA unit/L) AST (KA unit/L)
NC 43 8+1.5™Y 14.7+ 3.9% 88.743.7°
DC 44.8+1.8 78.8+11.9° 264.7+58.6°
T.m.-1 44.842.1 62.7421.4° 188.1+101.9°
T.m.-2 45.2+1.7 81.1421.8° 181.5+60.9°
T'm.-3 44.244.6 70.9421.2° 152.0+45.4™

Y Values are meantS.D. of 6 rats.
? See the legend of Table 2.
' NS: not significant at p<0.05.

9 Values with different superscript within the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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figure out effects of 7'm. on blood glucose level as shown in
Table 5. All diabetes-induced groups showed a significant
increase (p<0.05). Hyperglycemia in diabetic rat is known to be
caused by carbohydrate and other metabolic abnormalities. STZ
could impair rapid insulin secretion to glucose in pancreatic [3-
cells. During 14 days of the experiment, all rats in diabetes-
inducing groups showed significantly higher plasma glucose
levels than the normal control group. After 14 days of
administration, concentration-dependent blood glucose lowering
effect was shown in 7Tm.-1 and Tm.-2 groups compared to a
diabetes control group. It was found that the intake of 7m. could
suppress symptoms of high blood glucose in diabetes. It can
explain that the hypoglycemic effect of I'm. is likely to increase
insulin secretion by further stimulating 3-cells (Taniguchi et al.
2006). The hypoglycemic effect of Tm. could also be caused by
regeneration of pancreatic cells and the presence of insulin-like
substances in plants (Arora et al. 2021). These results suggest
that Tm. could help improve diabetes by reducing increased

blood glucose level in STZ-induced diabetic rats.

4. Effects of T.m. ethanol extract on lipid profiles

Plasma TC levels are shown in Table 6. The increase in total
cholesterol content in diabetes-inducing group might be due to
the fact that FFAs, not carbohydrates, are used as energy sources
to synthesize lots of cholesterol (Kim et al. 2008a). Diabetes
could also be attributed to delayed LDL removal due to reduced
LDL receptors, increased production of glycated LDL, which
was induced by a lack of insulin, and increased synthesis of very
low density lipoprotein (VLDL) in the liver (He et al. 2019;
Khalid et al. 2022). According to Ajebli & Eddouks (2019),
when diabetes is not controlled, the activity of hydroxymethyl
glutaryl-CoA (HMG-CoA) reduction in the liver decreases

whereas the activity of HMG-CoA reduction in the intestine
increases, resulting in an increase in cholesterol in circulating
blood. In the case of the T'm.-2 group, from day 1 to day 14
of the experiment, due to relatively low blood glucose levels,
plasma TC was significantly reduced compared to that in the
diabetes control group.

Plasma TG levels in the diabetic control group were
significantly higher than those in the normal control group (Table
7). However, the group with 7m. administration did not show
any significant difference in plasma TG level from the normal
group. The increase in plasma TG in diabetic rats suggests that
abnormalities in carbohydrate metabolism could induce lipid
metabolism disorder. It has been reported that VLDL production
is increased whereas VLDL and chylomicron catabolism is
decreased due to decreased LPL activities in peripheral tissues
(Siegel et al. 1996). A TG transfer kinetics study (Nikkild &
Kekki 1973) has reported that in diabetes, the rate of conversion
of lipid in plasma to TG is increased, which can increase blood
TG levels. In the present study, plasma TG levels in groups
administered with T'm. were significantly lower than those of the
diabetic control group, plasma TG of 7'm. administered group
even decreased to control levels. These results suggest that 7m.
could improve glucose metabolism in diabetic rats and result in
decreased TG synthesis in the liver, thereby suppressing the rise
of plasma TG (Kim et al. 2008b).

The HDL~chol content of plasma did not show any significant
difference between the normal group and the diabetes control
group (Table 7). These results were consistent with findings of
Durrington & Stephens (1980). They reported that there was no
significant difference in plasma HDL-chol content between a
diabetes control group and a normal group induced by STZ.
However, the Tm. treatment group had significantly higher

Table 5. Plasma glucose levels of normal and diabetic rats fed extract of Taraxacum mongolicum" (mg/dL)
Group? 0 day 4 day 7 day 11 day 14 day
NC 174.6+8.5%) 152.9£10.9° 150.2+9.4° 148.2+15.1° 175.146.6°
DC 527.3+113.3° 802.7+172.7° 749.4+119.5% 730.3£125.7° 745.9+48.1°
Tm.-1 547.2442.1° 809.0+138.7° 726.0£100.9™ 746.7+£105.1° 557.6+206.4°
T.m.-2 500.8+116.0° 792.4+143.8° 800.3£119.8° 691.8+£195.7° 549.24188.7°
T.m.-3 527.3+78.6° 759.8+68.1° 657.8+144.1° 726.3£176.9° 673.1+£166.6™

Y Values are meantS.D. of 6 rats.
? See the legend of Table 2.

% Values with different superscript within the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 6. Plasma cholesterol levels of normal and diabetic rats fed extract of Taraxacum mongolicum" (mg/dL)
Group?” 0 day 4 day 7 day 11 day 14 day

NC 76.0£11.4%59 97.8+19.8*) 86.2+8.0° 60.7+7.8" 76.2+6.7*

DC 78.5+12.4 128.8423.7° 136.4+16.3° 106.3+18.5° 157.0+£20.4°
T.m.-1 70.4+11.3 127.0+15.9° 133.4420.1° 100.6+20.7° 136.5+21.8%
T.m.-2 70.5+5.5 147.6£11.3% 121.2414.2° 88.0+£20.0° 114.7421.4°
T'm.-3 73.546.9 153.6£10.9° 136.1+11.0° 95.7+10.3° 136.9+£15.2%

Y Values are meantS.D. of 6 rats.
? See the legend of Table 2.
' NS: not significant at p<0.05.

9 Values with different superscript within the same column are significantly different at p<0.05 by Duncan's multiple range test.

Table 7. Levels of triglyceride (TG), HDL-cholesterol (HDL-chol) and free fatty acid (FFA) in plasma of normal and

diabetic rats fed extract of Taraxacum mongolicum"

Group? TG (mg/dL) HDL-chol (mg/dL) FFA (UEq/L)
NC 110.4+8.7% 36.1£2.1° 355.3+51.5°
DC 176.9+37.8° 48.7+8.0° 926.9+103.9°

Tm.-1 99.0+38.8° 63.8+18.9° 726.0£122.2°

Tm.-2 115.9+30.7° 68.4+3.2° 647.2+121.0°

Tm.-3 145.8+88.8" 68.4+15.9° 693.1+229.0°

D Values are meantS.D. of 6 rats.
2 See the legend of Table 2.

% Values with different superscript within the same column are significantly different at p<0.05 by Duncan’s multiple range test.

HDL-~chol levels than the control group. It has been reported that
diabetic rats show decreased LPL activity, reduced lipoprotein
decomposition, and inhibition of HDL-chol production
(Betteridge DJ 2001). In the present study, HDL-chol levels was
significantly increased in the Tm. treatment group compared to
that in the control group. Therefore, T'm. administration can
increase HDL-chol levels despite diabetes induction.

Plasma FFA content was significantly lower in T7m.
administrated group than that in the diabetes control group (Table
7). It has been reported that cells can obtain energy sources from
fat due to diabetes, which can prevent reesterification of FFAs,
resulting in an increase of FFAs in the blood (Karigidi et al.
2020). It has also been reported that hormone-sensitive lipase is
activated due to insufficient insulin secretion, which can increase
FFAs from stored fat (Tella et al. 2019).

Conclusion

Administration of Tm. (2g/kg b.w.) significantly increased

body weights of diabetic rats. Tm.-1 and T'm.-2 groups showed
significantly decreased blood glucose and AST than the DC
group. In this paper, we found that 7'm. treatment could decrease
plasma glucose and TC, TG, and FFA concentrations of
STZ-induced diabetic rats. Therefore, Tm. is a good candidate
for treating diabetes. Further studies using animal models and
human volunteers are needed to develop candidate functional
foods based on hypoglycemic activities of Taraxacum

mongolicum.
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Abstract

This study investigated the quality characteristics of beyolmijang prepared with corn (steamed and roasted corn) with different
pretreatments and simultaneously added starter (Bacillus velezensis JH1). pH decreased, whereas total acidity showed a tendency to
increase. The moisture content decreased slightly according to the fermentation period. In color, the L and b values decreased in
all samples, whereas the a value showed a tendency to increase significantly. In microorganisms, sample D had more lactic acid
bacteria, whereas the mold content was lower. The total polyphenol content was highest at six weeks in sample E, and other samples
showed a tendency to decrease over eight weeks. Antioxidant activity increased significantly. In particular, the content in sample
E was significantly higher. Reducing sugar showed a tendency to increase as the fermentation period increased. The highest content
was found in sample C containing roasted corn at six weeks of fermentation. Amino nitrogen and ammonia nitrogen content increased
in all samples. As a result of electronic tongue, sample E prepared with steamed corn, roasted corn, and lactic acid bacteria showed
a low salty taste, sour taste, and high umami taste and was considered a good material for the development of byeolmijang.

Key words: byeolmijang, corn, starter, electronic tongue
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Table 1. The mixing ratio of raw ingredients for byeolmijang

A" (control) B (steamed corn) C (roasted corn) D (starter) E (A+B+C+D)

Meju (g) 3,200 3,200 3,200 3,200 3,200
Steamed corn (g) - 500 - - 250
Roasted comn (g) - - 500 - 250
Starter - - - 1x107 1x107

Salt content (g) 1,000 1,000 1,000 1,000 1,000
Added water (g) 5,100 5,300 5,300 5,100 5,300
Total (g) 9,300 10,000 10,000 9,300 10,000

Y A: control, B: added with steamed corn in byeolmijang, C: added with roasted corn in byeolmijang, D: added with starter in byeolmijang,

E: added with starter, steamed and roasted corn in byeolmijang.
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(standard deviation, SD)Z WEPH & SAEA-2 SPSS(Sta-
tistical Package for the Social Science, Ver 12.0 SPSS INC.,,
Chicago, USAYE ©]-85tR 1L, 524 HlaLshy] sf £A4
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Table 2. Changes in physicochemical characteristics during byeolmijang fermentation

Fermentation period (weeks)

Sample”

0 2 4 6 8
A 5.95+0.02%4% 5.9120.01% 5.88+0.00° 5.78+0.01°° 5.26+0.01
B 6.15£0.01** 6.0120.00" 5.97+0.00° 5.7120.00° 4.94+0.00"
pH C 5.94+0.00° 5.94+0.00% 5.91+0.00% 5.76+0.00° 5.63+£0.01°°
D 6.18+0.01* 6.040.00" 6.02+0.00™ 5.84+0.01%° 5.39+0.00"
E 6.17+0.01°* 6.04+0.00°" 5.99+0.01°C 5.85+0.00%° 5.16+0.00%
A 0.25+0.01°° 0.810.00* 0.8120.05"¢ 1.19+0.00°® 1.45+0.06*
Total B 0.33+0.05"° 0.74+0.00° 0.79+0.02"¢ 0.96+0.01"® 1.48+0.01*
acidity C 0.34+0.04%" 0.79+0.01°¢ 0.77+0.05¢ 1.18+0.01*4 1.05+0.01%®
(7o) D 0.310.02 0.76:0.01°° 0.840.01° 0.98+0.01* 1.19+0.01%
E 0.30+0.02%F 0.75+0.01° 0.84+0.03% 0.95+0.028 1.35+0.01°*
A 56.92+2.25% 59.66+1.39 59.60:£0.43** 58,550,748 59.39+0.13*
. B 57.84+1.46* 58.44+0.40" 58.80+0.38"" 58.05:0.44" 58.52:+0.81"
MO(LZt)‘“e C 57.50+0.88° 58.8440.14% 58.55+0.21° 58,660,134 58.56+0.23"
D 58.45+0.84°" 58.76+0.52*8 59.54:£0.44%* 59.11:£0.49*8 59.17+0.27°48
E 58.32+0.40°" 59.05+0.75%8 59.360.46™* 58.87+0.40°48 58.85+0.10°48

D A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in hyeolmijang,

E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
*EValues with different capital letters small letters within a row are significantly different by Duncan's multiple range test (p<0.05).
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713t B Bujoll A EA vehgon Alazt §ol4l 2t
olE WEH ATH(p<0.05).

SH5FFO W 27] 56.92~58.45%0 4] W& W”*Oﬂ
58.52~59.39%= HA| Algo|A Harizhd d AzE {2
29l Zfol= UERiA] ekgttt. o] Yoon F(2019)4 TEA
9] g0l A 27] 58-69%CNA T7] 52~64%= HWFH O &
Haohs A2 Bl Anots Aok ggtow, ¥a &
ZHo] 2711 Qg AHo| 7l E Qo 73t 1ta}
£ o]g3t ¥&9] Aol Ax|5}0(Cha S 2017) 9+ gt
BLE, A7l RAR 5o gt glloz fEeSe
Hslol= A wdEh

2o

A7Fsl Hu|Are] M5l Table 37}
7 ¢ FYE(L ghet FAZb ghe AA
tHu]XP Ao A FAstE AFS EAT, HME(a ghe

tete AYAS Bt BrE 71 53.19-55 72004
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oo w2t Aol o} = HS z‘rcdé}%wwpm 05), iz &
ool HEAIZE WY =2 BEgtS etk daEE 2
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1:}7} 9ty 85Fafo] 18.28~20.37% Tha Z715H= ATA
Hyou AA TR/ AH foHoR Fastgrt
(p<0.05). Cha 5-(2017)2] 10} SHef2 gt E4o] A+
TR 25 5% Pt A= sk, A= F71S
of & A5}t A5k dRtH o= W7l Ao wet
Hg2 2o dojubA HH Y= Aty ATt &
7FstA ==t Chang 5(2010) E4o] ZHEHA H2A
9] Ax7} Z7sl7] wlEolgta 12SEY I, Kim DW(1990)
o zo] gl A3} AHo| B o] AAEHE g} ofu| Ak
3FoHE-E-Ql mallard ¥H-g-of] 2J3t ARisto] 7] ARl 5H3l=
o, & Aol ol o]fe} tlEo] HA 7 tE Sl
A7t 52 EuEY Mk Fho] tE AoE woEh
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3. 0|ME 2
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= Table 49} Zth. 44 AR 5 8.46-9.08 log CFU/gO.

Table 3. Changes in color values during byeolmijang fermentation

Fermentation period (weeks)

Sample”
0 2 4 6 8
A 55.7240.44*% 52.44+0.05° 50.96+0.25% 50.32+0.48% 50.1140.16™°
B 53.22+0.31% 50.22+0.72® 47.97+0.44€ 47.7440.39% 48.30+0.21%
Va%ue C 54.57+0.33% 51.49+0.14" 49.46+0.28™ 48.37+0.19 47.55+0.19°
D 53.1940.46%* 49.94+0.15" 48.51+0.48 47.82+0.06 47.92+0.08%P
E 53.24+0.45% 50.29+0.38® 47.99+0.42¢ 47.69+0.55"P 47.12+0.44%
A 8.61+0.18"¢ 9.37+0.18"® 9.37+0.13" 9.38+0.238 10.38+0.02°*
B 8.51+0.30° 9.38+0.09" 9.2240.06°" 9.50+0.07° 10.7340.17*
Va’i‘ue C 7.78+0.15° 8.42+0.13 8.600.065¢ 8.72+0.20°" 9.00£0.17°*
D 8.71+0.21°¢ 9.65+0.06™ 9.600.11°8 9.51+0.22°8 10.26+0.30°*
E 8.25+0.16* 9.32+0.02°* 9.27+0.15% 8.78+0.21°® 9.28+0.15%
A 21.73£0.26* 21.40+£0.27** 20.40+0.10° 19.71+0.07°¢ 20.37+0.25%
B 21.49+0.52 20.44+0.31%8 18.89+0.41™ 18.52+0.44%¢ 19.91+0.34%"
V:l’ue C 20.85+0.62* 20.09+0.10® 18.98+0.09 18.58+0.32 18.37+0.24C
D 21.27+0.74* 20.67+0.26™ 19.34+0.24"8 18.68+0.25" 19.27+0.43%8
E 21.47+0.30* 20.53+0.14°8 18.89+0.42 18.20+0.56" 18.28+0.41°C

D A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in byeolmijang,

E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*dyalues with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
*EValues with different capital letters small letters within a row are significantly different by Duncan's multiple range test (p<0.05).
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Table 4. Changes of total cell count, lactic acid bacteria and mold during byeolmijang fermentation

Sorot FEE 2T ARE W) Y 54 63

(log CFU/g)

Fermentation period (weeks)

Sample"

0 2 4 6 8
A 9.08+0.03*? 8.410.07°° 8.43+0.03°° 8.72+0.09*C 8.85+0.01°8
Total B 8.48+0.03 8.22+0.10°" 7.86+0.04° 8.12+0.05 8.43+0.10°*
cell C 8.660.04** 8.1240.05° 7.74+0.09° 8.35+0.08" 8.68+0.01**
count D 8.46:+0.09° 8.16£0.03°¢ 8.100.02% 8.84+0.07** 8.46+0.10
E 8.68+0.08°* 8.33£0.07"" 7.96+0.00°° 8.37+0.00° 8.13+0.10%
A 7.06+0.05%° 8.03£0.01* 7.78+0.07*® 7.82+0.11°8 7.61+0.03*
Lactic B 5.71x0.00" 6.43+0.03" 6.47+0.04 6.31:0.03" 6.78+0.07"
acid C 6.02+0.04 6.60+0.07° 6.15+0.02%° 6.42+0.07°® 6.32:0.03%
bacteria D 5.86+0.05P 6.81+0.06** 6.73+0.05** 5.99+0.04° 6.40+0.03®
E 5.99+0.06™ 6.78+0.06** 6.50+0.04® 6.33+0.01°C 6.15+0.05°°
A 5.17+0.03** 4.74+0.06 4.61+0.04° 4.44+0.06°° 4.29+0.03F
B 4.98+0.04°* 4.66+0.05® 4.31+0.07°° 4.44+0.02°C 4.63+0.09"8
Mold C 5.18+0.04*8 5.31+0.09** 4.66+0.03* 4.65+0.05* 4.96£0.21"®
D 4.10£0.02 3.78+0.01%¢ 3.89+0.02" 3.7940.035¢ 3.6440.19
E 5.06+0.02°4 4.89+0.01°8 4.37+0.04 4.49+0.11°¢ 4.37+0.09°

Y A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in byeolmijang,

E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
AFValues with different capital letters small letters within a row are significantly different by Duncan's multiple range test (p<0.05).

2 YERGa, @a 852Kl 8.13~8.85 log CFU/gC. 2 G-A}S}
AY ta Aastes A4S Bt 27 A Eugn "
S48, B2 S5 2 S92 71k E EelAE AlQshd
Autd o2 Wskrt 32 k=t B. subtilis 455 ©]-85
of Joln] G- AL Lee 5(2015)2] AFoA e YR
2 F S FAEJTL BAska, A7A Y AsH
A2 A Lee 5(2020)2] A= FARE FFE U

QA FSE= Ea 27] 5.71~7.06 log CFU/goll A &R 8F
2} 6.15~7.61 log CFU/gC. 2 RE Hu|ZojA §ojzxog =
7¥ol itk (p<0.05). E5] o2 Hue] HgtETh W S5
A71et B EulgolA 27|Hoh a 84 oF 108] ol &
At 7 SR AL 2 A 43 F pH 2 SAE A2
e} AF/go] o tE BAE H7tET W 57t 1)
&0l o]&st7|7t &olt BRIt F7Fsto] AAtap AL
59 F71ARE Aot ZAkto] S7Foto] Akl fAE
7t A ASEAH L wE ShAIRE oS FEQF AR
B H7lo| o AEAY £4 A+ (Lee 5 2012)2} ThFet
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Table 5. Changes in total polyphenol and antioxidant activities during byeolmijang fermentation

2018) % 3} ]
& A sing S°) 5
i G DHIHE ole 2L o3 Shelsteit.
L2

S U g A7t Eug

O

Fo] ABTS &z &7 5=
Asl7] Y5te] BE A RE 158 S]45ke] 2t A}
44.54~63.41%2 VFEPEO W BHE 652} 75.58~
S BTyt WE 8FA; 57.76~
Eojvs &
AlQJstal H7bto A= B2 S
A= 2 F7KsE C EulgoA 7 2
A= A0 = Yeth. DPPH S|z &2A59] 39, Erl%
ARE 128 3dste] SAs1PET],
64.03% H Y= YEPoH, Brart
o] F7Fst L

WwE 7] 4546~
g wat AAEA

23] Z7Feks0.

FYAQ Aol&
2017), &
2018) @ Bo ga=
2022)9] AFNME RARES HFo] F

% Z9 9= $F, ABTS 9 DPPH

Fermentation period (weeks)

Sample"
0 2 4 6 8
A 220.56+18.179% 479.20+7.76° 577.26+17.54™ 596.99+9.82"8 626.33+17.26™
Total B 317.83+2.81°P 520.83+6.50™ 573.31+11.19" 660.96+16.93** 668.51£19.31°
p"clzﬁie;;"l C 284.4443 51°F 491.17+13 .83 637.07+14.00° 615.53410.43" 710.42413.15*
(mg%) D 307.86+10.85" 560.36+11.95% 642.64+17.07* 619.76+7.11" 654.1147.63"*
E 331.18+4.28¢ 530.77+13.80™ 616.12+15.92** 617.05+31.57°* 645.28+19.84%4
A 44.54+1.55F 69.33+1.54C 72.02+1.22" 75.58+0.98" 65.22+1.67°
ABTS radical B 59.23+1.96' 73.91+0.79" 75.50:£1.58*4" 76.50+0.53" 57.76+0.89"
scavenging C 51.69+0.94°° 72.10+1.35% 74.200.68™" 76.50+0.12°* 75.03+1.32%48
activity (%) D 60.35+0.61°° 76.76+1.03* 74.56+0.70™ 78.04+0.20% 63.4941.43°C
E 63.41+4.78%° 73.17+0.73°5¢ 75.90:£1.58*8 78.30+£0.59** 70.01+1.00°¢
A 45.46+4.230 58.12+3.89C 71.96+3.37 71.44+3.33%8 78.92+1.31%
DPPH radical B 61.77+6.04* 71.97£1.15"" 81.98+3.43* 82.30+3.22* 86.68+1.46*
scavenging C 54.05+2.49*C 69.46+1.21°8 82.64+1.15* 81.01+1.10* 84.17+3.70*
activity (%) D 63.0343.18C 76.0042.68" 82.89+0.81* 83.9322.74 85.20+1.48%
E 64.03+3.728 68.10+5.51" 80.45+1.14* 82.02+0.95** 85.43+0.57*

D A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in byeolmijang,
E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*dyalues with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
AEValues with different capital letters small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
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Table 6. Changes in reducing sugar, amino-and ammonia- type nitrogen during byeolmijang fermentation

Tl Hustled & AT AR Ha 85 oS Y
279.15~320.84 mg%E UrEltth R 7|7hE 83 EQ HE
Almo| A A|&H 0 g Fho] F71et Ao = Hol Wa7|7to]
85 o4} XY= ofn| g F49
2 o= Farzt et iR A9 gfol 7MY =4
YERd 22 2 Ao rlgEo] 7Y Eol As3e] Axt
(Table H= WYE BT a4 P9 FFS UGkt &
e

e Eo ol A deaminationo] 2Jsf A3/ H= Y
ofe] daw W 4 Al R ZAHEE dutFow &
FoME Hy = ol ac] A uZ AREE AR THLee

qdFS H S A2

Fermentation period (weeks)

Sample”
0 2 4 6 8

A 0.98+0.05™2) 2.23+0.05® 2.53+0.02 2.110.03<C 2.13£0.06%

Reducing B 0.92+0.06™* 2.7140.03* 3.35+0.04* 2.96+0.17°" 2.3240.03

sugar C 1.05+0.06™ 2.54+0.02°° 2.67+0.07°C 2.87+0.03** 2.760.03"®

(o) D 0.82+0.08° 1.73+0.03® 1.97+0.05% 1.76+0.04% 1.25+0.01<¢

E 0.96:0.04™F 2.28+0.01° 2.82+0.06™ 2.69+0.03°" 2.39+0.03

A 191.16+4.41% 208.64+0.29° 264.64+1.42 307.20+1.00°® 320.84+6.05*

Amino-type B 169.16+2.02° 190.96+3.36"" 228.24+3.05% 247.06+1.30°° 279.15+£3.28%
nitrogen C 190.96+1.74°° 194.23+1.52°° 240.53+1.30° 263.10+1.50™ 297.49+5.17°A
(mg?) D 151.96+1.87 189.1441.42° 243.70+0.60" 265.99+3.21% 301.9143.93*

E 148.89+6.00° 187.3143.40°° 233.23+0.88% 248.024+2.20° 289.04+4.47°4
A 349.44+10.86C 416.61+14.94"° 517.44+14.12°¢ 590.41+12.27 676.80+24.74°

Ammonia-type B 346.22420.95% 420.60+10.36" 430.74+12.52°¢ 514.05£18.41 715.64+8.47°
nitrogen C 353.02+13.27% 395.64+6.29™P 476.66+1.77°¢ 544.90+13.24" 578.49+16.13%*
(mg?) D 345.78+17.19% 395.12+10.18*P 458.16+14.42%C 527.62+2.42%P 802.25+17.72*

E 325.62421.30 390.52+14.82° 479.55+4.78%¢ 542.85+10.80°° 625.29+8 324

D" A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in byeolmijang,
E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
*EValues with different capital letters small letters within a row are significantly different by Duncan's multiple range test (p<0.05).
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5 2016), A= AETH A FAAEZ AFREA geth
SHPE BARE HrKst Hu)e] gryote A (Table
6) TS WHE 27] 325.62~353.02 mg%= Al=7F 8-914 2}
ol gl o (p<0.05), TH7}F XPHol wet X420z F
7¥eto] wE 85=x1Qll 578.49~802.25 mg%2] ZHS LFEFH L
o} £3], $aZ-S HE3 D EujFo] M &L dFS
UER G, T 02 A {45 HUIeE Hul B 52
S-S UEHd o]f+= A71sE n|AE(B. velezensis)TF S5
7t A AAE FEEAE0] vYEY] AL IFS F
A, njAEo] AASHe il Bajaso] o5 & o
o] HoEHA AHoR Frlcte A oE W o)y
gt A3k= Lee 5(2012)9] A7ZAat: IA|oFAT

A
a1l

7. MXAISE 0|38 Ho|&Q| oty

M
I

AT ol g3t} Srret TR BN AR 8
") A+9] sensorgf2 score® HESF] radar(Fig. 1A)2} 3], &
gh, Algt 2 2HAgke A UERY QickFig. 1B). Erel
230 71 583t Bl AAINMS)2 A L, B &
o 2 S-S A7IRE EeHE)o] 7Y w2 w4 633 U

- AHS_sourness

(A)

CTS_saltiness

- NMS_umami CPS

(B)

l
55 56 57 58 59 6.0 6.1 6.2 6.3
Umami

i -
50515253545556575859606162636465666.7686970
Sour

< -
54 58 59 6.0 6.1 6.2
Salt

Fig. 1. Changes in organoleptic characteristics during
byeolmijang fermentation by electronic tongue. A, Changes
in organoleptic characteristics of byeolmijang by electronic
tongue; B, Changes of intensity scale in organoleptic
characteristics of byeolmijang by electronic tongue. W
Control, ©: Added with steamed corn in byeolmijang, [
Added with roasted corn in byeolmijang, V¥: Added with
starter in byeolmijang, x: Added with starter, steamed and
roasted corn in byeolmijang.

PRI E R SFAEIUIBA

BRI, tHRHA7E 7P 23Sl 5.62 UERH o™ Ao
7t AAE gskh AHAHS)S] B9 F#E Ak D |
t&o] 695 WAL, 247t 7P & 5.0 YEY 1.9
#e} Aol Egledl, ARt 2 A= Aol7h Y Algol
T2 F UE BEY FYHQI Kol & 4= QIthal 5t
9 TH(Hayashi 5 2008; Park 5 2021). ZYHCTS)S 29tz
Aot 2] o2 AFEE Yesl=tl 2771 622 7P
2 42 UEAL A &5, B2 55 1 S2 A7t
S HuH(E)o] 5.88 7MY B2 32 UE oY, 11 Aozt
A gton, Y| F7HR] gl £5HANS)T} T3HPKS)
o] Zpo|7} AR L& Ao g Holth whehA B L4401 2
2 S 9 F4E AU E HulRgo] W2 "H(CTS)
AI9HAHS) % #2 AEBNMS)y YErleH, T 5 of
o Ake] F7FRE FAYE S ACR AZtETh

w2t tha F7HeE A4S Belou AR {93l Zol=
e A] ottt M o] 39 H(Lghet S b= A
A AEAA FAHCRE FHAasta, FME(aghs FI4
o2 J7leke AR UEish 2Rt E e |
3t 3 Fu9 ¥k A g, A A &5
£ H71et B EuA9] ¥gl Fo| 7P 1o, B. velezensis
JHI I&3+ A2gt D Ho|Z9] 49 Fgo|¢7t 7P &

A
& 87 7V 2 g U, ABTS Bl d £7%
E C gugol 7V B et BARE A RS &
S} Eu)ge] BelEe] e & A0R o ¢
AL was|zio] AP F7k5He FFE trehpglo
U 8ol 125-2.76%E ARRF R H9] Aol vet
R, FARE Ao g HAFF A7KE D 2

ulgo] bR FA 02 A MY B F 2u7t g
o WetErh ofvir) Wi U Fuijold) Yk FFL
a7 AYEEA RE A2AA ZT 53, B &
S48 WKL CHYTI R gEold A2TFS HY
oh AAE S Be Bulye] v B4 A A 8550 e
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A Study on the Water Footprint of Korean Food Guide and Recommended Meal Plan
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Abstract

Sustainable and healthy diet is a challenge in recent world. Despite the global depletion of water resources, Korea has no system
for controlling its water footprint. This study established the water footprint tables of Korean food using the Water Footprint Network
databases, and applied them into two meal plans for 19~64 year-old adults recommended in the Dietary Reference Intakes for Koreans
2020. Nut, oil, and meat’s water footprints were higher and those of fruit and vegetable were lower. Sesame oil had the highest

water footprint of 21,793 L/kg and pineapple had the lowest domestic water footprint of 102 L/kg. Water footprint of one serving
size of beef was 925 L, that of chicken was 260 L, and those of soybean were 43 L in global and 81 L in domestic. The water
footprint of the recommended 2,400 kcal meal plan was 2,882 L, and that of 1,900 kcal meal plan was 1,915 L. The water resources

can be saved by choosing food with lower water footprint. The results of this study can be used in the further researches for more

sustainable and healthier Korean diet.

Key words: water footprint, virtual water, sustainability, Korean food guide, meal plan

M B

Bk} (water footprint S ErAEIA}E 9 AReE Al
oA A FA S EA O Q17 7 Pl A= FFE YEE
U= A= AREA P A&7HsHS w0171 9
gk 7] M-S AFsh= ZHdelthKim & Kim 2016).
Allan T(1999)= RI7to] AMESH= E9 & UE= A RE
7HdS(virtual water)ES A|9F5}% 1L, Chapagain & Hoekstra
(20042 o}710] ATALC 2N 9| B A ko] P
gt oju)E Tob BUAT Ao shefshaich. BUA
22 ‘shbo] AFolLt Hulx A o] ol §HL B AFE
FOEA, AlFo|H AH|AE BAbst= o 2o &S
ARG AL 4L, 76, AR, H719] ZF Aol A T
B AlEelY A AE ABAsh= d a3t TS AR

2 $HISE g o2 A 9l%] i th(Hoekstra & Chapagain 2008).

BUAET A BRI, B4 BUAEoR
A e vle} o] shHoY NS §
AE7] Aol 52tE Aol ALBEIE ool T, HM BukA
H4A sHA0] A sl i Bolu} N54g ALES
ofolth. 54 BUALL AFE A4 TFA BAT &
A2g Hks7] 9Ia B4 FolthRoh 5 2012). o] Fo
A B8 AR 22 5ol DAESR AHEH L, A
U Ao AAE & Y $ALS AR FS ol

o
T
S
T

Z(Lee 5 2016) A FEA=0] 2 AH|HEL XA =
123} Bl Uk

HE0) A5 kst ol S0kt 2] I =
Hol ALY gutt YrHOo R grt A¥ g o=
£°] 200 mL F&= S0 YA, AuE Ailst= o Basdt

' Corresponding author: Hyun Ju Kim, Associate Professor, Dept. of Food and Nutrition, Daejeon Health Institute of Technology,
Daejeon 34504, Korea. Tel: +82-42-670-9245, Fax: +82-42-670-9595, E-mail: hjkim2@hit.ac.kr, narnian2@hanmail.net
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E9] Q] BRI 18,925 L/kgo]E 2 (Mekonnen & Hoekstra
2011) 95 7 g& RSt 132 LY HE47F AR ET A
o] &= &% A & EHri= AYE BAketa 4535t
= dl AREE HRES9] o] AFs] Bl ol & AH|F
= A4k A2 ol 91 29 IOl ot dF AHEF
o] EgA}p=olrt.

Ko JK(2009)y= EUA= 70 @F2 vA= Hle=
=4 AaH|F AH|ES S99 GDP7L Ad5std
A ARG A &7 AHZE S7FSIAE S U S50 28
g i dol S7IeIAAL ol A= A 7Hd 99
712 UEEtHDalin 5 2012). 7H3 £92 $4=9] 4]
F2H8 4 (food securityyS HAASHHA &0 & FAHE
Z A 3Ih(Yang 5 2006). S 47} HepEoA HE 9l A}
& i FE 9 Agthes A & Y7 A A9
AlALREEL. A8 HAgo] A&7kssted A AlAR R
EUA o] W2 AEE AYste= ko] T Qs

Seuet =119 AT ofF Hat EUA=-2 3230 Lojit
AL LRI S Bk BEA=-2 3,405 Lo|th(Hoekstra
& Chapagain 2008). Ridoutt 5(2021a)°] T F=RAZTRAL
(Australian Health Survey 2011-2012)0]| A4 24A]7F S]AAH O 2
ZARE 33 4491 934178 9] AALS A sto] Akt A}
o SHE B 432.6 LYt kLSl 67758 AR AT
oAM= A=l FA ElAb=o] UG 51 737 Lo|H =
A EA=ro] 2,531 Lefal SFlth(Harris 5 2017). Q1O A]
o]/ d1} Q12 oA an|FFo] A7] wjo] EA=o]l W
AUt AF= =4 AES A HFlsH] ol A=
o] Wol=t ol= 584 AlEZ A4bst= © 83 ALRY
A0 FEA AEY A= 29tE7| diZeltt

T
=
=
=

.

971 L& &°ol5 Zol2tal A&ttt

S TR ANAYo] BAFeTE A b5
ST Aokl BT B8Y AT50| SEAL,
QJoFEol @A A|47H5t Q1R A] AJS(EatLancet diety© A
20l A& AAET} 17-48% HF & EdlAlato] wgith
(Vanham & 2021). A58 AAHE 2Y w7150 2483
e 2H Ad(New Nordic Diet)2] EHA=-2 AT o5
3,528 LY th(Cambeses-Franco 5 2021a). A&t<SlE, 11
A, TAFARL A7) Ach(Paleo diet)2] ZUA=-E SHF
3,499 Lo| AFsl AAR FRGHAAF AAL AH QL A
ZAH T =QFCH(Cambeses-Franco 5 2021b). AE2EE &
2122 H| 3 Ridoutt 5(2021b)2 wlo] Exlz}=to] &l
9] 8odfizt= AHRE 175k A&7Hst Aol A8

el

N

SR A|QF5} A1, Cambeses-Franco 5(2021b)S 8-F8 o}

Yt Bt ARRE EUAT] 4o 7]ofgittal
5}ATh. Sokolow 52019y A&/ A& FollA x4 1A
2 FYEUETL EoHA EWA o] Yo O34 IF
derh 7R =1 28Rl 7P B2 AlE2 AlgA|Eta
skt

o|e} Zro] & UtolA= BRI TS| A4
9] A&7t LA 7HAE Aol 45t A+ &
Yx|o] grot gl AALY] BRI tiet A= BA
2t Kim 5(2013a)0] '4A= Hlolg & &-8-5to] A%
7% 15ehn FAATe] SRS Ao wet 174~
2,841 LYtk AlEgie] yehd Syt 719 dlg
ShE Hat A2 19851 0f 936 LA 20100l 1,285
L7HA] AAt S7 st tH(Lee 5 2015a). Lee 51201522 %
w2t o] 22 IRk Ad3sh] st 417 Al I&
£ Agst= A 22 AE 4] 5] et =24 AL
|2 Y & Aoty sileh 18y o #3Fwl
ALY A A&7 = "ASHe] ofo 29 AlE A
WeEE AAsH] gt A4t FS5sth

S uEtol| A AAtEl= A9 SR Yoo 5(2009)
o] 1991d7E] 2007A7HA] A= FA 9t 71/ FARS 245k
I, 557 AR AbF 4dR7, $AF 5 § 40 JEY
7Hdrde APgstith 11 9ok Ay 179 AT
AHgstee ATEo] Y= AT(Shin SM 2010; Kim 5
2013c; Yoo 5 2014a; Yoo 5 2014b; Oh 5 2017) H}3=(Son
= 2013)9} AFTHOD 5 2013), 7}&(Lee 5 2015b), $--8-(Park
T 2014 ELATE APFStelth. 18y S5t Al
o|1 teFAdo] &St B8R W AE st
= °]8Zo] AUth(Park 5 2019). FHj4to] opd 9] A&
Aot ABAREA AF9 AAA &A= oldst=
AL sty T8y oA S8R A7 2ot
AotA EAE &85t FgE ol RA&7hset A
o] Wk AAISH] e AFIYT A= AY FPEHA X
L, o]t AFE T 7| RARE BEIL gtk

ojZet 7| xAtm e} Aol RELZ SR = R FA 9
BAAE 7HAST. AFo)A IF7 &S] flste] 247
A& £o0]2 AFBH7|2 A5 RFolof gttt e =
ARl Sa7F =0 Slrh. 20159 AfeH whe|For
(Paris Agreement)> 2] F&E S 7HR]= FAHOEA 2
ZHog HEEI gt} olo wat A Ut A=
AHRAE 1S A=t A= JE@HEFEIAl A
2020-180%), "o 2jo]-& T3k o] LABH o |JA] &
HBE5a FAI A=7F A= Qo T8y S8R0
oA B A7t glal A A filo] BEs5ith S0



Vol. 36, No. 1(2023) SHQl AAEARES] AlE Hl

AE et Q1ZA & (WaterMark) 7} A& 1 9o &
PN L & 201% 2 ARALE RS EABHE o]y
A2l A% (Energy Label)7} &G = 11 Qlth(Park 5 2014).
oA = EdA=ol et AFSlA S Eolal 2Rt
= I A= E vpAgf o gt

hclo] AE AHE QIS EA=S S5t H AE
AFERARE S0t 9 AAl A3 FE ol-&stofof she, 2]
F a9 =2 A5 H 18] d3FE HE5h=
A o] B3I Kim S 2013b; Kim S 2015). 221} <2020
SH=2Ql JFA HF7|E &8 (Ministry of Health and Welfare
& The Korean Nutrition Society 2021)°9] HAAI¢HS &85t
ohe QHos FYHQ TR AN BUARG 24
T 4 92 oItk Ea AATHAY] BT fEAE

Sk
WA ARE YR S5 5 AUs AE= Adst
WAl o HX= FFE 1HT 5 YA Aot &
Aol A= AAREERMY] AETE HHAEY 44 bl
o[E|& AAIStAL, o]F E-&oto] AFATRY] EIA =SS F
A5kl ol & Esto] AARE AgY 1 A =S E0]1L
AF9] 4= A&7HsoHA sk AlE A" HdE 2A5t
2t sk
SIS W W
1. A9 SYXI= Xtz
E Ao AE EYUAZY E YT (Water Footprint Network

2008)°1 4 AlEst= 199655 2005@7HA] A4t 2=
I 1 AEe A= A= (Mekonnen & Hoekstra 2011)2}
ZAMEY 1 AE9 E9A= A= (Mekonnen & Hoekstra
2012)5 &85kt B2ET 11 AFS G AR, A4,

<, B, FE, AL g9ElL AR 5 R 9 A
05 - - A, AFAY 157 HEE Widol 74
AF =4 - A - S FASo] 7P AR Aol ot
2} FEsto] A HolE ol A7t AFEH AT SAET
I AES BT ARe S99 Aa, HA, 4, T, A
A, &, 949 ol HEE NE 59 =4 - A - o1
Ao vyl iAo wet 55, Ak, £e g
TESto] AAE AT & AtolA= s&ET AR o
Rl A Bt A= A g 2EA =SS AR5
R, SAEET 1 AIFY] A SolA it 7k
A& Folgt Bt gh(weighted average)®] thetyl=o] &4t
= AAEE 9= ARSSHIATH

2. AlAFTAIOlO| AlETY [HEAIES] SR
AR AETE YEAE] SUATE 2020 T

ApAee] o] Bt o 71

=91 JFA HF7|E E-&(Ministry of Health and Welfare &
The Korean Nutrition Society 2021)°]] AA|H HE A&9] &
A5 245 AL 5FL oL F=01 X o] B o] Aof A
SHA] 9= AlEE AT TR HEAE 345 SolA
F 105, 97 15, 95 15, NY9F 15, 2A4R 23, 718
40 E F 1955 VAL, o] FolA I BT
175S A6t 7] - BA -2 - TF H7HAE 52T
FoIA o FE AL, &7 45, UF 15, TF 75, A
7 6502 FESH] F 18F9] AES £A5HAL, =
EUATE SF7 48, dF 15, TF 55, A05F 352 24
SHTh Qo trAF 558 SolA S84 AA=7 Ql=
27 HAFE Aot P4F 175 EAI5HAL 0]
FolA =l AT 1552 245K 7 A
F 1659 94 =Z B4 11 FolA 259 =W &
=S B4 7 - FAERFE &7 150 fAE
352 2SI 4] - G AR 95 G5 152E
Tk £, Y 292 GRE AQst L &
AF 65= BT 294 Amrt ESAT AE2
2 7HA] A StHE FolA AASHIH dlE =
teEm o) 52 e W o, s ek ke
Fhe B Bu BUATOR AT SHEA o
o A

=]

gte] 67HA] AEA-E I, &5, ¢, T, A8 A
+ 5, FRY 107HR] A E
g AEFste] A 13 £33 294 ¢ AE+d
o E9A= AR AAEdE A= =4 - 4
- S Bl W RS BASHIH Y EEA
A - QA Bl A EllRp= 0] tegto] ol WEg-S FAISH
A At

AlZHR 13] B (serving size)Tt T F(unityE A A5}
A 7Ed9Ya @ Bl ad ¢ =S SHAl, 13
T AABH EdA=T S 28RS &4
e T AR F7HEY 12.5% A0 & 7Hgsto
S 200 mLo] Z3E HE7HEE] EUATS A4lsto]
AASFAT 715 A1E FolA 2FE, A, A A=
2712 BA519E 228 18] S 7 g(Rural Development
Administration 2013), 2} 18] 2% 2 g0 2 A4tstial 73]
= 9579 EA=S &85to] dang s 15E e
o 83 7 ¢S 13] EFoE AAkstith

N Y

& o [0 P

41 fr &

3. AFAIE| BUXE 24
AP BUAT BHL AYATE HiRroR upA]
]

A%
I AT 2SO AGE HH40 Ot AES PSR
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o ALGE 7HES0] R B EStoF k. Kim H(2013%)
o AR BT Yok P40 Ft xelsto]
A3E SA0] ZFE HP5] F viste] Alpre] B
2o AN HE AB0] BHE B FUE PS5
Foz mstFoL el ot AFHE FBe| ¢
o o B FY MOt AGE, AESY FE it
B2 Foto] AFo] T 1E5] ol vlstel FAY 5
HEE At} o2 Zekste] £ ApolHE Auo]
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Table 1. Water footprint of grain and its product (300 kcal/unit) in Korean food guide
Food items gWE? AWE? ss¥  Unit gV\Ql; dwsl):
Total Green Blue Grey Total Green Blue Grey /ss /ss
Red bean 5053 3,945 125 983 2,841 2,841 ND” ND 90 1 455 256
78.1% 2.5%  19.5% 100.0%
Millet 4,478 4,306 57 115 5,718 2,969 ND 2,748 90 1 403 515
96.2% 1.3% 2.6% 51.9% 48.1%
Buckwheat 3,142 2,769 144 229 6,067 3,183 5 2,880 90 1 283 546
88.1% 4.6% 7.3% 52.5% 0.1%  47.5%
Sorghum 3,048 2,857 103 87 5,612 3,419 ND 2,193 90 1 274 505
93.7% 3.4% 2.9% 60.9% 39.1%
Rice 2,414 1,653 492 269 1,341 1,028 168 146 90 1 217 121
68.5%  204% 11.1% 76.7% 13%  10.9%
Rice (brown) 2,172 1,488 443 242 1,207 925 151 131 90 1 196 109
68.5% 204% 11.1% 76.6% 13%  10.9%
Pasta 1,849 1,292 347 210 1,409 1,409 ND ND 90 1 166 127
69.9% 18.8% 11.4% 100.0%
Oat 1,788 1,479 181 128 ND ND ND ND 90 1 161 ND
82.7%  10.1% 7.2%
Mixed grain 1,660 1,598 33 28 ND ND ND ND 90 1 149 ND
96.3% 2.0% 1.7%
Bread 1,608 1,124 301 183 1,225 1,225 ND ND 35 1 56 43
69.9%  188%  11.4% 100.0%
Barley 1,423 1,213 79 131 767 536 ND 231 90 1 128 69
85.2% 5.6% 9.2% 69.9% 30.1%
Cereal 4,048 3,902 136 10 5,716 2,999 4 2,713 30 0.3 121 171
96.4% 3.4% 0.2% 52.5% 0.1%  47.5%
Chestnut 2,750 2,432 174 144 4,048 3,986 63 ND 60 03 165 243
88.4% 6.3% 5.2% 98.5% 1.6%
Flour 1,849 1,292 347 210 1,409 1,409 ND ND 30 0.3 55 42
69.9%  188%  11.4% 100.0%
Corn starch 1,671 1,295 111 265 1,769 1,769 ND ND 30 03 50 53
77.5% 6.6%  15.9% 100.0%
Potato starch 1,512 1,005 173 333 914 686 74 154 30 03 45 27
66.5%  11.4%  22.0% 75.1% 8.1% 16.8%
Corn 1,222 947 81 194 1,294 1,294 ND ND 70 03 86 91
77.5% 6.6% 16% 100.0%
Sweet potato 383 324 5 53 233 218 0 15 70 03 27 16
84.6% 1.3% 14% 93.6% 0.0% 6.4%
Potato 287 191 33 63 174 130 14 29 140 03 40 24
66.6%  11.5% 22% 74.7% 8.0%  16.7%
Average water footprint per 1 unit - 1 234 266

! Global water footprints (L/kg) and their proportions (%)

2 Domestic water footprints (L/kg) and their proportions (%)

9 1 serving size from Korean food guide

9 Global water footprint (L) per serving size

% Domestic water footprint (L) per serving size
% No data is available from World Footprint Network.
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Table 2. Water footprint of meat, fish, egg & bean (200 kcal) in Korean food guide
. gWF" dWF” , . gWF  dWF
Food items Total Green Blue Grey Total Green Blue Grey ss”  Unit fss? /ss”
Meat
Beef 15415 14,414 550 451 17,032 16,376 300 355 60 1 925 1,022
93.9% 3.6% 2.9% 96.1% 1.8% 2.1%
Hamé&cut 6,457 5,287 500 670 6,656 5317 628 712 30 1 194 200
81.9% 7.7% 10.4% 79.9% 9.4% 10.7%
Pork 4,361 3,582 325 454 4,496 3,603 411 482 60 1 262 270
82.1% 7.5% 10.4% 80.1% 9.1% 10.7%
Poultry 4,325 3,545 313 467 4,499 3,633 278 589 60 1 260 270
82.0% 7.2% 10.8% 80.8% 6.2% 12.9%
Average water footprint per 1 unit of meat and its product - 1 410 440
Fish and seafood’s data are not available.
Egg
Egg 3,265 2,592 244 429 3,367 2,726 206 435 60 1 196 202
79.4% 7.5% 13.1% 81.0% 6.1% 12.9%
Bean
Lentil 5,874 4,324 489 1,060 ND? ND ND ND 20 1 117 ND
73.6% 8.3% 18.0%
Kidney bean 5,053 3,945 125 983 2,841 2,841 ND ND 20 1 101 57
78.1% 2.5% 19.5% 100.0%
Soymilk” 3,763 3,574 123 65 7,065 6,999 65 ND 200 1 94 177
95.0% 3.3% 1.7% 99.1% 0.9%
Mung bean 3,118 2,217 250 650 6,619 3,153 ND 3,465 20 1 62 132
71.1% 8.0%  20.8% 47.6% 52.3%
Soy bean 2,145 2,037 70 37 4,027 3,990 37 ND 20 1 43 81
95.0% 3.3% 1.7% 99.1% 0.9%
Pea 595 382 63 150 ND ND ND ND 20 1 12 ND
64.2% 10.6%  25.2%
Tofu 572 543 19 10 1,074 1,064 10 ND 80 1 46 86
94.9% 3.3% 1.7% 99.1% 0.9%
Average water footprint per 1 unit of bean and its product - 1 84 122
Nut
Almond 16,095 9,264 3,816 3,015 ND ND ND ND 10 03 161 ND
57.6%  23.7% 18.7%
Cashew nut 14218 12,853 921 444 ND ND ND ND 10 03 142 ND
90.4% 6.5% 3.1%
Walnut 9,280 5,293 2,451 1,536 7,899 7,777 122 ND 10 03 93 79
57.0%  26.4% 16.6% 98.5% 1.5%
Sunflower seed 3,366 3,017 148 201 ND ND ND ND 10 03 34 ND
89.6% 4.4% 6.0%
Ground nut 2,782 2,469 150 163 2,607 2,607 ND ND 10 03 28 26
88.7% 5.4% 5.9% 100.0%
Nuts nes® 10,425 8,379 1,156 891 3,691 3,634 57 ND 10 03 104 37
80.4% 11.1% 8.5% 98.5% 1.5%
Average water footprint per 1 unit of nut - 1 312 158

" Global water footprints (L/kg) and their proportions (%)
? Domestic water footprints (L/kg) and their proportions (%)
1 serving size from Korean food guide

9 Global water footprint (L) per serving size

% Domestic water footprint (L) per serving size

9 No data is available from World Footprint Network.

7 Soymilk ingredient water foot print data was used instead of soymilk at a dilution of 12.5%.

1t indicates ‘not elsewhere specified.’
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Table 3. Water footprint of vegetable (15 kcal/unit) in Korean food guide
1) 2)
Food items sWE WE ss”  Unit gW41): de
Total  Green  Blue Grey Total  Green  Blue Grey /ss /ss
Ginger 1,657 1,525 40 92 2401 2345 57 NDY 10 1 17 24
92.0% 2.4% 5.6% 97.7% 2.4%
Green garlic” 589 337 81 170 648 456 54 138 70 1 41 45
572% 13.8%  28.9% 70.4% 83% 21.3%
Pepper 379 240 42 97 1,294 960 18 316 70 1 27 91
633% 11.1% 25.6% 74.2% 1.4%  24.4%
Egg-plant 362 234 33 95 362 268 2 92 70 1 25 25
64.6% 9.1%  262% 74.0% 0.6%  25.4%
Cucumber 353 206 42 105 100 74 0 26 70 1 25 7
584% 11.9%  29.7% 74.0% 0.0%  26.0%
Pumpkin 336 228 24 84 170 120 0 50 70 1 24 12
67.9% 7.1%  25.0% 70.6% 0.0%  29.4%
Spinach 292 118 14 160 251 152 4 96 70 1 20 18
40.4% 48%  54.8% 60.6% 1.6%  38.2%
Broccoli 285 139 21 75 ND ND ND ND 70 1 20 ND
66.3% 74%  26.3%
Cabbage 280 181 26 73 116 88 2 26 70 1 20 8
64.6% 9.3%  26.1% 75.9% 1.7%  22.4%
Onion 272 176 44 51 263 196 8 58 70 1 19 18
64.9% 164% 18.8% 72.2% 29%  21.4%
Lettuce 237 133 28 77 227 164 4 59 70 1 17 16
56.1% 11.8%  32.5% 72% 1.8%  26.0%
Head lettuce 237 133 28 77 227 164 4 59 70 1 17 16
56.1% 11.8%  32.5% 72% 1.8%  26.0%
Tomato 214 108 63 43 114 86 2 25 70 1 15 8
505% 29.4%  20.1% 75% 1.8%  21.9%
Carrot 195 106 28 61 140 85 10 46 70 1 14 10
544% 144%  31.3% 60.7% 71%  32.9%
Celery 195 106 28 61 140 85 10 46 70 1 14 10
544% 144% 31.3% 60.7% 7.1%  32.9%
Vegetables nes” 338 205 33 101 196 144 4 48 70 1 24 14
60.7% 9.8%  29.9% 73.5% 2.0%  24.5%
Roots & Tubers nes 385 348 15 22 ND ND ND ND 70 1 27 ND
90.4% 3.9% 5.7%
Average water footprint per 1 unit - 1 21 21

Seaweed’s data are not available.

Mushroom’s data are not available.

" Global water footprints (L/kg) and their proportions (%)
? Domestic water footprints (L/kg) and their proportions (%)
3 1 serving size from Korean food guide

9 Global water footprint (L) per serving size

% Domestic water footprint (L) per serving size
9 No data is available from World Footprint Network.
"1 serving size of garlic is 10 g

® Tt indicates ‘not elsewhere specified.’
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Table 4. Water footprint of fruit (50 kcal/unit) in Korean food guide

1 2,
Food items W W ss”  Unit g“ftl): dwslj
Total Green Blue Grey Total Green Blue Grey /ss Iss
Date 2,277 930 1,250 98 ND” ND ND ND 15 1 34 ND
40.8%  54.9% 4.3%
Plum 2,180 1,570 188 422 796 761 4 30 100 1 218 80
72.0% 8.6%  193% 95.7% 0.5% 3.8%
Pear 922 645 94 183 639 611 3 24 100 1 92 64
69.9% 10.2% 19.8% 95.7% 0.5% 3.8%
Peach 910 583 188 139 678 648 2 27 100 1 91 63
64.0%  20.7%  153% 95.6% 0.3% 4.0%
Blueberry 845 341 334 170 ND ND ND ND 100 1 8 ND
404%  39.5%  20.1%
Apple 822 561 133 127 601 575 3 23 100 1 32 60
683%  162%  155% 95.7% 0.5% 3.8%
Banana 790 660 97 33 ND ND ND ND 100 | 79 ND
83.5%  122% 4.2%
Mandarin 748 479 118 152 298 283 1 14 100 1 75 30
64.0% 15.7%  20.3% 94.8% 0.3% 4.8%
Grape 608 425 97 87 362 339 ND 23 100 1 61 36
69.0%  159%  143% 93.7% 6.3%
Orange 560 401 110 49 ND ND ND ND 100 1 56 ND
71.6%  19.6% 8.8%
Kiwi 514 307 168 38 751 701 21 29 100 1 51 75
59.7%  32.8% 7.5% 93.3% 2.8% 3.8%
Strawberry 347 201 109 37 198 163 22 13 150 1 52 30
579%  315%  10.6% 823%  11.0% 6.7%
Pineapple 255 215 9 31 102 93 0 9 100 1 25 10
84.4% 3.5%  12.1% 91.2% 0.1% 8.7%
Watermelon 238 150 25 63 140 128 0 12 150 1 36 21
629%  105%  26.5% 91.6% 0.0% 8.4%
Other melon 221 125 29 67 119 108 0 12 150 1 33 18
56.6%  132%  302% 90.2% 0.0% 9.7%
Fruits nes” 1,512 1,199 201 112 1616 1546 9 61 100 1 151 162
793%  13.3% 7.4% 95.7% 0.5% 3.8%
Average water footprint per unit - 1 76 54

! Global water footprints (L/kg) and their proportions (%)

2 Domestic water footprints (L/kg) and their proportions (%)
9 1 serving size from Korean food guide

9 Global water footprint (L) per serving size

% Domestic water footprint (L) per serving size

% No data is available from World Footprint Network.

7 1t indicates ‘not elsewhere specified.’
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Table 5. Water footprint of milk & dairy product (125 kcal/unit) and oil & sugar (45 kcal/unit) in Korean food guide,
and some selected food

. gWF" dWF? 5 . gWF dWF
Food items Total Green Blue Grey Total Green Blue Grey 5 Unit /ss? /ss”
Milk & dairy product
Icecream 1,903 1,605 164 134 2,081 1,763 130 188 100 1 190 208
84.3% 8.6% 7.0% 84.7% 6.2% 9.0%
Yogurt 1,186 1,003 99 84 1,298 1,102 78 117 100 1 119 130
84.5% 8.4% 7.1% 84.9% 6.0% 9.0%
Milk 1,054 891 88 75 1,153 980 69 104 200 1 211 231
84.5% 8.4% 7.1% 84.9% 6.0% 9.0%
Cheese 5,060 4,264 439 357 5,534 4,687 348 499 20 0.5 101 111
84.3% 8.7% 7.1% 84.7% 6.3% 9.0%
Average water footprint per 1 unit of milk & dairy product - 1 155 170
Oil
Sesame oil 21,793 19,674 1,183 936 14,321 14,321 0 ND® 5 1 109 72
90.3% 5.4% 4.3% 100.0% 0.0%
Olive oil 14,431 11,826 2,388 217 ND ND ND ND 5 1 72 0
81.9%  16.5% 1.5%
Sesamum seed 9,371 8,460 509 403 6,158 6,158 0 ND 5 1 47 31
90.3% 5.4% 4.3% 100.0% 0.0%
Sunflowerseed oil 6,656 5,967 293 397 ND ND ND ND 5 1 33 0
89.6% 4.4% 6.0%
Butter 5,553 4,695 465 393 6,075 5,160 366 549 5 1 28 30
84.5% 8.4% 7.1% 84.9% 6.0% 9.0%
Palm oil 4871 4,691 1 179 ND ND ND ND 5 1 24 0
96.3% 0.0% 3.7%
Soybean oil 4,190 3,980 137 73 7,868 7,795 73 ND 5 1 21 39
95.0% 3.3% 1.7% 99.1% 0.9%
Corn oil 2,524 1,956 168 400 2,672 2,672 ND ND 5 1 13 31
77.5% 6.6%  15.8% 100%
Oil seed nes” 3421 3,230 131 61 6,155 6,144 10 ND 5 1 17 13
94.4% 3.8%  1.82% 99.8% 0.2%
Average water footprint per 1 unit of oil - 1 40 36
Sugar
Sugar 1,782 1,184 487 111 ND ND ND ND 10 1 18 ND
66.4%  27.3% 6.2%
Others
Chocolate® 17,196 16,805 198 193 ND ND ND ND 10 1 172 ND
97.7% 1.2% 1.1%
Tea” 8,856 7,232 896 726 9,983 9,597 386 ND 2 1 18 20
81.7%  10.1% 8.2% 96.1% 3.9%
Coffee'” 18,925 18,153 139 633 ND ND ND ND 7 1 132 ND

95.9% 0.7% 3.3%

! Global water footprints (L/kg) and their proportions (%)

2 Domestic water footprints (L/kg) and their proportions (%)

9 1 serving size from Korean food guide

9 Global water footprint (L) per serving size

% Domestic water footprint (L) per serving size

% No data is available from World Footprint Network.

) 1t indicates ‘not elsewhere specified.’

% 1 serving size from ‘Nutrient composition tables for consumers (RDA 2013)
1 serving size of Tea is assumed 2 g, the amount of commercial tea-bag.
9 1 serving size of Coffee bean is assumed 7 g, the amount required to make 1 shot of espresso.
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Table 6. Water footprint of a recommended meal plan for 19-64 year-old Korean male (2,400 kcal, type B)
Meals and menus Food group Food (serving size) Amount (g) gWF ()" dWF (L)”
Breakfast Steamed rice Grain Rice (1) 90 217 121
Mallow soybean paste soup Acorn jelly (0.1) 70 NDY ND
Roasted croaker Meat, fish, egg & bean  Croaker (1) 60 ND ND
Acorn jelly and soysauce Vegetable Mallow” (0.5) 35 12 7
Green garlic salad Green garlic (0.5) 35 21 23
Cabbage kimchi Cabbage kimchi (1) 40 11 5
Oil & sugar Sesame oil (1) 5 109 72
Subtotal water footprint of breakfast 370 226
Lunch Clam noodle Grain Pasta/flour (1) 90 166 127
Rice balls Rice (0.7) 63 152 84
Potato vegetable pancake Potato (0.2) 93 27 16
Radish kimchi Meat, fish, egg & bean Clam (1) 80 ND ND
Apple Vegetable Carrot (0.4) 28 5 4
Pumpkin (0.4) 28 9 5
Chives” (0.4) 28 9 5
Laver (1) 2 ND ND
Onion (0.5) 35 10 9
Radish kimchi® (1) 40 15 8
Fruit Apple (1) 100 82 60
Oil & sugar Sesame oil (1) 5 109 72
Soybean oil (1) 5 21 39
Subtotal water footprint of lunch 607 430
Dinner ~ Multigrain steamed rice Grain Rice (0.9) 81 196 109
Spicy meat soup Mixed grain7) 0.1) 9 15 7
Egg roll Meat, fish, egg & bean Beef (1) 60 925 1,022
Bellflower root salad Egg () 60 196 202
Cabbage kimchi Vegetable Radish® (0.1) 7 3 1
Bracken” (0.1) 7 2 1
Mung bean sprout” (0.1) 7 2 1
Bellflower root” (1) 70 27 14
Cabbage kimchi (1) 40 11 5
Oil & sugar Sesame oil (2) 10 218 143
Soybean oil (1) 5 21 39
Subtotal water footprint of dinner 1,616 1,544
Snack Pineapple Meat, fish, egg & bean  Soymilk (1) 25 94 177
Kiwi Fruit Pineapple (1) 100 25 10
Soymilk Kiwi (1) 100 51 75
Yugurt Milk & dairy product Yogurt (1) 100 119 130
Total water footprint 2,882 2,592
Proportions in total water footprint Green water footprint 2,385 2,380
(82.8%) (91.8%)
Blue water footprint 279 87
(9.7%) (3.4%)
Grey water footprint 218 125
(7.6%) (4.8%)

Y Food required for the meals and its serving size unit in bracket

2 Global water footprint (L) of the food consumed
3 Domestic water footprint (L) of the food consumed
9 No data is available from ‘World Footprint Network.’

5

6

2

domestic water footprint.
7

8

“Vegetables nes’ data were used instead of its missing water footprint data.
‘Roots & tubers nes’ data were used instead of its missing global water footprint and ‘vegetables nes’ data were used instead of its missing

‘Mixed grain’ data were used instead of its global water footprint and ‘barley’ data were used for its missing domestic water footprint.
‘Roots & tubers nes’ data were used instead of its missing water footprint data.
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Table 7. Water footprint of a recommended meal table for 19-64 year-old female (1,900 kcal, type B)

Meals and menus Food group Food (serving size) Amount (g) gWF (L)" dWF (L)?
Breakfast Steamed rice Grain Rice (1) 90 217 121
Chicken soup Meat, fish, egg & bean  Chicken (1) 60 260 270
Stirfried pork and broccoli Pork (1) 30 131 135
Sea\fveed .stem. nammul Vegetable Green onion (0.5) 35 12 7
Radish kimchi Broceoli? (0.5) 35 10 7
Seaweed stem (0.5) 35 ND” ND
Radish kimchi® (1) 40 15 8
Oil & sugar Soybean oil (1) 5 21 39
Subtotal water footprint of breakfast 666 587
Lunch Mixed noodle with young Grain Pasta/flour (1) 90 166 127
radish Meat, fish, egg & bean Egg (1) 60 196 202
Boiled egg Vegetable Radish® (0.5) 35 13 7
Fried v§g§tables Carrot (0.5) 35 7 5
g;’;f":m Onion (0.5) 35 10 9
g Radish kimchi® (1) 40 15 8
Fruit Orange (1) 100 56 162
Oil & sugar Sesame oil (1) 5 109 72
Soybean oil (1) 5 21 39
Subtotal water footprint of lunch 593 630
Dinner Multigrain steamed rice Grain Rice (0.9) 81 196 109
Cod soup Mixed grain” (0.1) 9 15 7
Braised tofu Meat, fish, egg & bean  Cod (1) 70 ND ND
Mungbeans.prouF namul Tofu (0.5) 40 23 43
Cabbage kimchi Vegetable Radish® (0.5) 35 13 7
Mungbean sprout? (0.5) 35 12 7
Cabbage kimchi (1) 40 11 5
Oil & sugar Sesame oil (1) 5 109 72
Subtotal water footprint of dinner 379 248
Snack Cherry tomato Fruit Tomato (1) 70 15 8
Kiwi Kiwi (1) 100 51 75
Milk Milk & dairy product  Milk (1) 200 211 231
Total water footprint 1,915 1,779
Proportions in total water footprint Green water footprint 1,494 1,589
(78.0%) (89.4%)
Blue water footprint 232 91
(12.1%) (5.1%)
Grey water footprint 189 169
(9.9%) (9.5%)

" Food required for the meals with serving size unit in bracket

2 Global water foot print (L) of the food consumed

) Domestic water foot print (L) of the food consumed

9 “Vegetables nes’ data were used instead of its missing water footprint data.

% No data is available from “World Footprint Network.’

5 ‘Roots & tubers nes’ data were used instead of its missing global water footprint and ‘vegetables nes’ data were used instead of its missing
domestic water footprint.

7 “Mixed grain’ data were used instead of its global water footprint and ‘barley’ data were used for its missing domestic water footprint.
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Research Ethics Rules of the
Korean Society of Food and Nutrition

Amended on 23/06/2008  Amended on 21/04/2016
Amended on 03/12/2016

Chapter 1 General Provisions

Article 1: Definition of Research Ethics
The term “research ethics” means honestly conveying information in the research conduct, using resources efficiently,

and performing responsible study by objectively and accurately reporting study results.

Article 2: Purpose of Ethics Regulations
This regulation aims to enhance research ethics to members of the Korean Society of Food Science and Nutrition
(hereinafter referred to as “the Society”) and prevent research misconducts by proposing standards to secure ethics and

truth in academic research and fairly verify misconducts.

Article 3: Application Objects of Ethics Regulations
These regulations shall apply to all of the registered members as well as any members related to contents presented in

all publications (the journal of the Society and symposium publications) regularly issued in the Society

Chapter 2 Ethics Regulations on Research Conduction

Article 4: Truth in Research
An author who conducts a research and presents its results and a dissertation review committee member who evaluates
the research results shall carry out research activity transparent and sincere without doing any act against conscience as

scholars

Article 5: Data Management

5.1. A researcher shall confirm the ownership of data and authorization to use the data prior to collecting necessary
data. In addition, the researcher must carry out the study with clear understanding on the obligation and right imposed
upon the collection or disclosure of data.

5.2. Data shall be collected and recorded through appropriated measures in reliable and valid manner and must be
retained for a certain period of time for other researchers to verify results and assessable to be used as other purposes

by publicly presenting the findings.

Article 6: Presentation of Research Results
All of the research results shall be accurately reported with a thorough and reasonable explanation. An honest and
transparent evaluation must be conducted to examine if research methods and researcher’s opinions are adequately

presented in the findings or results of the study.

Article 7: Retention of Copyright
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In principle, the copyright is given to the authors who made significant contributions in the research. However, the
Society, the publisher of the journal and publications of symposiums, has the right of using the copyright in case the

findings are used for the purpose of public interest such as education, and others.

Article 8: Order of Authors and Affiliation

8.1. For the space stating the authors, the order of authors shall be determined pursuant to the contribution made on
the research upon the mutual consent among corresponding authors. In addition, the authors shall be able to explain the
principles of such orders.

8.2. In principle, the affiliation of the author is stated by the name of the institution at the time of the research
conduct. However, when other customary practices are applied in other field, the author may state the affiliation in

accordance with custom.

Article 9: Responsibility of the Corresponding Author or Senior Author

The corresponding author or senior author shall take responsibility for accuracy of data, the list of all authors, approval
for final draft of all authors, all of the exchanges and responses to questions, and others by representing co-researchers.
In addition, the corresponding author must be fully aware of that mistakes and omissions made by himself/herself and

co-researchers have a great influences in their careers.

Article 10: Citation Principles of References

10.1 The author may cite the part of other researchers’ study in his/her research paper as the original text or the
translated version.

10.2 The author shall take all possible measures to ensure the accuracy in stating sources and making the list of

references.

Chapter 3 Ethics Regulations on Misconduct

Article 11: Definition of Research Misconduct

11.1. The research misconduct is defined as the fabrication, falsification, plagiarism, and other unfair activities generated
in the process of designing, carrying out, reporting, and evaluating and assessing the research.

11.2. “Fabrication” means reporting the research data or results, etc. that do not actually exist but have been fabricated.
11.3. “Falsification” means manipulating research data or equipment and process or exhibiting research record
inaccurately by deliberately changing or deleting research results.

11.4. “Plagiarism” means using the entire of partial research ideas, processes, results, and etc. protected under copyright
law of any other person without citing the appropriate sources and acknowledging the contribution of the founder of
such findings.

11.5 “ Repeated publication” means publishing an identical or almost similar research in other journals two (2) or more

times without stating the initial research contents that have been already presented to publishers or readers.

Article 12: Types of Plagiarism
Types of plagiarism is classified as “idea plagiarism”, “text plagiarism”, copying a part from other persons’ text without
citing the source for the ideas of other authors, “mosaic plagiarism”, combining a part of a text with a few words

added, inserted, or replaced with synonyms, and others.
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Article 13: Prohibition of Distortion in References

13.1. Cited references shall only includes directly related references to the contents of research paper. The author shall
not deliberately include irrelevant references for the purpose of intentionally increasing citation index of articles or
journals and the probability of publication of the manuscript.

13.2. The author shall not biasedly include only references favorable to data or theories of his/her articles. The author

has ethical responsibility to cite references contradicting against his/her point of view.

Article 14: Practices to Avoid

The following practices should be avoided including a practice of “honoring” author by listing unqualified authors who
have made no contributions in publishing research papers as one the authors, practice of dividing a research into many
studies only to increase the number of published articles, and practice of hastily publishing articles without review

process.

Article 14-2 : Bioethics
When submitting a paper on human subjects, It should be noted in the paper that IRB approval and consent of the
subject has been obtained. A copy of the IRB approval must be submitted by e-mail of society. The effective date of

IRB approval is as follows.

Date of enforce
Research type (After date of enforce, make Note
indication of submission)

human subject Jul, 1, 2017
Animal experiment Jul, 1, 2017 Suspend periods(6 month ~ 1 year)
Question investigation for minimize of researchr's confusion

. Jan, 1, 2018

(survey and sensory evaluation)

Chapter 4 Ethics Regulations for Dissertation Review

Article 15: Responsibilities and Obligations of Dissertation Examiner

15.1. The dissertation examiner shall report the review results to the Publishing Committee within the period stipulated
in the review regulations by sincerely examining the submitted dissertations.

15.2. The examiner shall immediately turn in the research paper to the Publishing Committee once the submitted
dissertation is determined to be inadequate for the examiner to review.

15.3. The examiner shall objectively evaluate the dissertation by applying strict scientific and research standards
regarding the quality of dissertation, the experimentability of research, and conceptuality and interpretation, and must be
able to adequately explain or support the assessment made upon his/her judgement.

15.4. The examiner shall respect the author’s intellectual independence, prevent the author from wrongfully citing other
scientists’ research, and well coordinate contradictions that arise out of the relationship between interested parties.

15.5. The examiner shall abide by the confidentiality of research paper that is still in the process of reviewing and
shall not publicize any information, assertion, interpretation or any other matters of the unpublished manuscript without

the consent of the author.
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Article 16: Unethical Acts of Examiner

For fair evaluation and confidentiality, examiners shall refrain from performing any of the following unethical acts.

16.1. an act of assigning research paper view that is requested to the examiner to post-graduate students or any third
party

16.2. an act of discussing the contents of research paper while the viewing of the dissertation is still in progress.

16.3. an act of turning in the copy of research paper or retaining the paper without shredding it despite the review
process is completed

16.4. an act of using abusive words categorized as a form of defamation of character and personal attack in the
process of dissertation review

16.5. an act of evaluating the dissertation without reading the paper

Article 17: Responsibilities and Obligations of the Publishing Committee : Delete(21 April 2016)

Chapter 5 Implementation of the Research Ethics Regulations and the Ethics Committee

Article 18 Duty of Obedience
The members of the Society shall take responsibilities on their research activities upon the signing up as the member,
accept research misconduct seriously and they are obligated to comply with the research ethics regulations of the

Society.

Article 19 Report and Investigation of Violations of the Ethics Regulations
In case where a member of the Society recognizes the ethics violation of another member, the member must remind
the ethics regulations to the another member and shall immediately notify the Ethics Committee when the violations are

not corrected.

Article 20 Purpose and Composition of the Ethics Committee

20.1. The Committee aims to verify the allegation and truth of research ethics violations in accordance with the ethics
regulations stipulated in the Society.

20.2. The Committee shall consist of about seven (7) commissioners. The president of the Society shall serve as the
chairman of the Committee and the vice chairman shall serve as the chief of editor. The other members of publishing
commissioners shall be appointed by the president of the Society upon the recommendation of the head of the

Publishing Committee.

Article 21: Rights of the Ethics Committee

21.1. The Ethics Committee is authorized to receive reports on alligation of the research misconduct and investigate for
the verification of truth.

21.2. The Committee may impose sanctions as stipulated in the Society regulations, if violations are verified to be true
upon the conduction of extensive investigation with informants, examinees, witnesses, other persons to attend, and

submit materials relevant to the case.

Article 22: Judgment and Sanctions of the Ethics Committee
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22.1. The verification process of violation shall be conducted in accordance with the phases of preliminary examination,
main examination, and judgement and the process must be terminated within six (6) months. Provided, That the
investigation period may be extended upon the approval of the chairman of the Committee in case the investigation is
deemed difficult to be completed within the stipulated period

22.2. In case an informant or an examinee is dissatisfied with the judgement, those persons may raise an objection in
writing within thirty (30) days after they are informed of the notification. In such event, the Ethics Committee may

reinvestigate, if necessary, upon the reviewing objection.

Article 23: Protection of Informant and Examinee

23.1 The Committee is responsible for the protection of informant and investigated subject in the event that the
informant receives disadvantages or unjust pressure due reporting alleged misconduct and its investigation, the
Committee shall take all necessary measures to protect the informant.

23.2 The informant has right to request necessary information on investigation process or schedules after reporting
alleged misconduct and the Committee shall faithfully comply with it.

23.3 The identity of the examinee shall not be disclosed and attention shall be paid to the protection of the honor and

rights of the examinee until a judgement on alleged misconduct has been reached by the Committee.

Article 24: Procedures and Contents of Disciplinary Sanctions

24.1. In case where any disciplinary sanctions need to be taken, the chairman of the Committee shall convene the
meeting and conclusively determine if disciplinary sanctions will be imposed or not and the forms of sanctions.

24.2. Once the sanction is finalized, the member may be suspended or deprived from research paper submission and
member’s qualification for the next five (5) years and such measures may be informed or publicized to the subject or

his/her affiliated institution and journals.

Article 25: Revision of the Ethics Regulations

25.1. In case where revision of the ethics regulations is required, the amendment shall be prepared by the Board of
Directors, deliberated to the Board of Executives, and decided by the resolution of the Advisory Council.

25.2. Members who pledged to comply with the previous regulations shall be deemed to agree to comply with the

amended regulations without additional pledge.

Addendum

Article 1: Date of Enforcement
These regulations shall enter into force on June 23rd, 2008.
Article 2: Date of Enforcement
These regulations shall enter into force on april 21rd, 2016.
Article 3: Date of Enforcement

These regulations shall enter into force on december 3rd, 2016.
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micrometer 2 um part per million 20 ppm
millimeter 4 mm molarity 0.1 M
centimeter 6 cm normality 0.05 N
meter 2m 0.01 N HCl
milligram 2 mg temperature 60T
gram 4¢g 180°F
kilogram 6 kg absolute degree 270K
milliliter 2 mL mega pascal 25 MPa
liter 4L kilocalorie 2,000 kcal
second 2s gravity 10,000xg
minute 4 min
hour 6 h °F 0
milliliter/minute 2 mL/min optical density O.D.
meter/second 4 m/s dextrose equivalent D.E.
percent 20%
Y%o(weight/volume) 20%(w/v) 52 1.0~2.0 mg
milligram percent 100 mg%
pH pH 7.0 = 4 (atb)/(c+d)
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Guidelines for Submitting Manuscripts

. The journal of Korean Society of Food Science Nutrition
shall publish review research articles, research notes,
and provided, That reviews shall be published only in
cases of appointment by the Society and deliberation of

the Publishing Committee.

. In principle, the first author and corresponding author
among paper contributors shall be limited to only members

of the Society excluding invited research papers.

. Submitted manuscripts should not have been published

before in any other journals.

. The author should submit the manuscript electronically
via online submission at the Society's website (http:/ksfn.kr).

. For information of Manuscript submission please contact
the editor.

E-mail: foodnutrl@naver.com

. Research paper review, selection, publishing order, printing
order shall comply with review and publishing regulations.
The receipt date of manuscript shall be the arrival date

of manuscript by online submission to the Society.

. Peer review
“Peer review” is used to help ensure the highest possible
quality in published manuscripts. All manuscripts will
be treated as confidential and will be critically read by
at least two anonymous reviewers, selected by the editor
and associate editors. Scientists with expertise in the
subject matter will evaluate the manuscript for validity
of the experimental design and results of originality,
significance, and appropriateness to the journal. The
corresponding author is notified as soon as possible of
the editor’s decision to accept, reject, or request minor

10.

Amended on 05/07/1988
Amended on 16/08/1996
Amended on 08/08/2002
Amended on 26/03/2004
Amended on 25/03/2009
Amended on 22/06/2012
Amended on 28/09/2013
Amended on 17/12/2015

Amended on 10/12/1990
Amended on 18/12/1998
Amended on 08/03/2003
Amended on 25/03/2006
Amended on 14/08/2010
Amended on 20/06/2013
Amended on 20/06/2014
Amended on 16/06/2016

or major revision of manuscripts. The editor will consider
the revisions, and recommend to the editor-in-chief either
to accept or reject the revised manuscript. The author
will then be informed by the editor-in-chief of the final
decision. When the final revised manuscript is completely
acceptable according to the The Korean Society of
Food and Nutrition format and criteria, it is scheduled

for publication in the next available issue.

. The language in the manuscript should be Korean or

English in A4-size paper setting, typed using a computer
with font size of 10~12 points and the line spacing
should be set at 200%.

. The author should provide the title in Korean and English,

the author’s (or authors’) name(s), and affiliation on the
first page of the manuscript. The running title should
be provided at the upper part of the title page. If the
number of authors is two or more, " mark should be
indicated in front of corresponding author. If affiliations of
should
be put at the end of authors name in order. The same

sk dokok

authors are different, superscriptions of

marks should be put in front of respective affiliation.
The corresponding authors should provide author’s name
in English, affiliation, affiliation address, telephone, fax,
and e-mail. The authors’ names in Korean should have

[T3RL)

in between the name and the author’s names in

731

English should have “” in between the name.

The English abstract should be provided in case of Korean
manuscript on the second page of the manuscript. The
abstract must not exceed more than 200 words in one
paragraph and it should provide a general view of the
manuscript by including the research objectives, methods,
and results. About 5 keywords should be included at
the bottom of the page. (All of the keywords should be
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written in lowercase letters.)

references are as follows:

11. Article structure should be in order of introduction, 1) Cited references should be presented as surname in
materials and methods (or research methods), results and English and the year in parentheses at the corres-
discussion, summary and conclusion and references, in ponding part. For the citation of a single author, his/
standard. In addition, the manuscript should be in written her initial(s) and surname should be provided. For
in a continuous form regardless of page number. the citation of two authors, only surnames should be

provided. For one work by more than three authors,

12. Research Notes are brief reports of limited scope that citation should include only the surname of the first
contribute new knowledge. The formatting is the same author followed by “et al.” For two or more works
as the Research Articles. Research Notes are suggested by the same author by year of publication, the signs
not exeeding 2500 words. The tables and figures are such as a, b and c¢ should be provided followed by
limited up to 3 in any combination. the year.

e.g. Citation in the beginning of a sentence

13. Titles and descriptions of tables and figures should be Kim HJ (2005) is -
all provided in English. Titles should be provided in Kim & Lee (2007) is -
order of Table 1, Fig. 1, and etc. and in clear and precise Kim et al. (2008) is -
manner so they could be understandable without referring Park (2007a) is --*
to the text. The title of table should be given at the top Citation in the end of a sentence
of the table and the title of figure should be given at (Kim HJ 2005), (Kim & Lee 2007), (Kim et al. 2008).
the bottom of the figure. Tables and figures should be
stated as Table 1, Fig. 1 and etc. when they are quoted 2) For several citations in the text, the cited sources should
from the text body. be presented in chronological order or in alphabetical

order of authors, in case of the same year.

14. Footnotes should be expressed as Arabic numerals of " e.g. (Lee et al. 2007; Kim HJ 2008; Park & Kim 2008)

23 at the bottom of tables, and no sign should be

used. Moreover, ~ ~ marks must be used to present
significance probability of p<0.05 or p<0.01 in statistical

analysis. In multiple range test, alphabets of * > & ¢ 4

etc.

17. KSFAN actively recommends to cite articles (2 or more)

published in the journal of the Society.

should be used and the explanations should be
stated at the bottom.

18. The arrangement of references shall be put in alpha-
betical order of author’s last mame. Abbreviation of
journal in cited references shall comply with inter-

15. All of the tables and figures may be presented in the national standards for abbreviation. The examples of

middle of the text body or on separate sheets of paper cited references are as follows:

to be attached at the end of the manuscript in order.

The exact locations of tables and figures should be properly 1) Academic Journal

Kim KW, Ko CJ, Park HJ. 2002. Mechanical properties,

water vapor permeabilities and solubilities of highly
carboxymethylated starch-based edible films. J Food

Sci 67:218-222

stated in the text. Pictures must be neatly produced by
photography or a computer to be directly used as original

images.

16. All sources cited in the text must provide author’s name
alphabetically and the year, and, in principle, all references 2) Edited Books

must be provided in English. The examples of cited
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Brock TD, Smith DW, Madigan MT. 1984. Biology of
Microorganisms. pp.100-105. Prentice-Hall. Inc.
AOAC. 1980. The Association Official Methods of Analysis.

13" ed. pp.3508-3515.

3) Bulletin, Dissertations

Hur YH, Lee SG, Suh JS. 1987. Studies on the change in
components of y-irradiated soybean during fermen-
tation. Ann Bull Seoul Health Junior College 7:7-14.

Ciacco CF. 1983. A study on mineral contents in pro-
cessed foods. Ph.D. Thesis, North Dakota State Univ.
Fargo. North Dakota

4) Patents
Bernard S. 1988. Preproofed, frozen and refrigeration and
crusty bread and method of making same. US Patent
4,788,067

5) Oral Presentation of Manuscript at Symposia

Huhtanen CN. 1988. Preparation of cold water dispersable
cocoa powder. Abstract 21, 42" Ann Meeting Inst
Food Technol Atlanta

6) Internet Source

Korean National Statistical Office. 2007. The statistics of
mortality and the cause. Available from http://www.
kostat.go.kr [cited 20 January 2014]

19. Article abbreviations should be presented in accordance
with Chemical Abstracts. Academic terms, if possible,

should be provided in Korean.

20. The quantity always should be express in Arabic numerals
and units should be express, if possible, in accordance
to the International System of Units (SI). Units and
abbreviations of predicate terms shall abide by recommen-
dation provided by the Society. However, in case where
there is any unavoidable reason, such exceptions must

be clearly explained in the beginning of the text.

21. In principle, revision is accepted during the proofreading
made by only the authors of the manuscript. No changes
or insertions shall be made in the contents during the
revision. Provided, That matters, in case of deemed
necessary, may be revised by an editor. The copyright
of all published articles in the journal of KFN shall
devolve on the Society.

22. The paper contributor should pay the expenses for publi-
cation (50,000 KRW/page). In case of color printing of
images and book publication with more than 30 volumes,
the actual expenses must be paid by the paper contri-

butors.

23. The number of published article per main author is limited
to two in each issue, and 30 or less of fully edited
papers will be submitted by the 20™ of that month.

24. Any matters not explicitly stated in these regulations

shall be determined by the Publishing Committee.

% Guide for authors have been partially amended as of June 16™, 2016. Please refer to the guidelines for more details
for manuscript submission commencing from Volume 29, Issue 4.
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