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Effect of Lactiplantibacillus plantarum JSA22-fermented Rice Drinks against
Dextran Sodium Sulfate-induced Colitis in Mice
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Abstract

This study investigated the effect of Lactiplantibacillus plantarum JSA22-fermented rice drinks on dextran sodium sulfate
(DSS)-induced colitis in mice. Twenty-four mice were randomly assigned; No colitis (Con), colitis with tap water (DSS-only), colitis
with unfermented rice (DSS-UFR), and colitis with fermented rice (DSS-FR). After inducing colitis with 2% DSS for 5 days, they
were given Tap water, UFR drink, or FR drink for an additional 6 days. The DSS-FR group had significantly lower Disease Activity
Index (DAI) scores compared to the DSS-only group, but no significant difference with the DSS-UFR group. Colon length was reduced
in the DSS-only group. The DSS-only group had significantly higher IL-6 mRNA levels compared to the Con group, while the DSS-FR
groups showed significantly lower IL-6 mRNA levels compared to the DSS-only group. These results suggest that rice drinks fermented
with Lactiplantibacillus Plantarum JSA22 ameliorate the severity of DSS-colitis, by potentially reducing proinflammatory cytokines.

Key words: inflammatory bowel disease, dextran sodium sulfate, rice, Lactiplantibacillus plantarum JSA22, inflammatory
cytokines
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F| AzFe AUm|BEFo| Aol vAl= S8t 9T
o] ZRIEUAT et AP} AdE= U FEFY o]
Aol B 1= th(Lynch & Pedersen 2016; Belizario 52018).
o|Zt MMES 7N e FUNAEZTS BT St thdet
A=A W Eo] AMGEIL gloH, o]F 7MY &3] AR E =
nEHPo| QEAE S A AL A A HAL
g ST, B3 AR, Aot IAH FH Sl A
257 QJthHill S 2014; Lee S 2019). T2Hlo]QEIA
F oA AFHe=Z IFE 4o AMEEo] & FANF
Lactiplantibacillus(Lb.)2} Bifidobacteriuma 717 A7} %o
A=, 1 % Lb. plantarum2 dextran sodium sulfate(DSS)
i 3 2o FHS Bt BaE Itk (Wang 5
2019; Xia 5 2020; Pan 5 2021). =25 o)A HE ZH
F2EE B3t Lb. plantarum JSA22= &4 fAMFOE &
ot ST WA YERH, 582 E401A lysine
Jotdoll TE aal] AT AR NES 7HA L Q=
Ao g %9t Ahn & Choi 2014; Choi 5 2023).

ZEHPO|QEAE A, RAE, TR34] o thfit FH|
2 Eojg 4 A1 Lb. bulgaricus\t Streptocococcus thermophilus
TOoE /5 WAAT 3AEE EotA AH[EE FH o
Th(Nagaoka S 2019). L8|y A& A% F9 EHS, &
T e =7, SYLHE 57 22 2A-E0] Al71E
oo gt tieto = &, AT, &5, B, 4 5 Hdet
TEo] A1E I YTHChoi 5 2023). E3] &L Th2 ZEo]
Bl 7h2 A34o] ol FUHAETE Bl A SHHo
2 AE7] gjZof F5& il ltk(Sultan 5 2022). 4
BEZ AN gl Fa {4l titt A X1 5E
T FAT, FAE) FAEHA § Ot A Al
Yl 9lof DSS f tii 9 FEE S42 7HAAIXITHOh
S 2020). Lb. plantarum JSA22Z & TaAZl 73F Lb.
rhamnosus GGZ W AA|Z] Z o] |3 aspartate”} 7FASFaL
lysine®| F-29J5}A &71510] aspartateE lysine Q.2 HZFA|7]
Tk E GABA AME S7HAIZIAL JAMSReS Heslth Izt
H-E 0] 83t in vitro Wa Ao A= Lb. plantarum JISA22
HFES Tostd 29 W Lb.9} Bifidobacteria?t 715}
AHAE - acetate} butyrate FE=7F 7= Aol &
H A}, S Lb. plantarum JSA22 & W g -E0] Al up
20] Bl A T A2 ko] JFa FA il B A2
H| -8 TAAZTHChoi 5 2023).

o)X Lb. plantarum JSA22 & TraE0] tjoFst av7}
Soubal QAR i vRA BEo|A 9] gyt YA
S1A] Skeh. oA 2 QOIS 1253 4 CSTBLIG oS-

>

ro
-2

O kI omE AL

0] DSS §F A 2dS FAISHA] Lb. plantarum JSA22
w55 o] 8T A IR EY A S N anet 95
——é-_ =

3g Fobrz gt

1. Lb. plantarum JSA22E 0|88t & WS E HZE

E Aol ARRH H(Oryza sativa L., Sam-Gwang) 53
25704 EE F52E 20219 oA AuijE A=
1M, Lb. plantarum JSA22(KACC81105BP) 5= A5 A&
oflA] E2]=]o] gt v Y& 2P (KACC, Wanju, Korea)ol] 7]
EtE o] QUeh A7 12.5%(wiv) B A okf 50%(v/v) E3F
Aol A& 3%(wiv)E 7Fsto] 121TCoflA 158 &< Batoto
AzE & Ho|AEE 40T o|st= Hstal T A HolA
(HG15A, DAIHAN SCI, Seoul, Korea)2 w&3}5t9ict. Lb.
plantarum JSA22+= MRS (Merck, Darmstadt, Germany) 8|4l
2o AHHjF660 nm, OD :1.0, 10° CFU/mL) & B4% PBS
(pH 7.2)2 23] Aojujo] EH|5H3IHE O F 0.1%(Vv) 5=
& Ho|AE] 27] & 10° CFUMLZ &35t0], 30Cof|A]
30417 B9 HE &, 42l AlS=ol fdots st &
(10° CFU/mL, 180 mLy& w949 1158 B F5A 2 of
F 25 10 mLyo] BA 4 sEE 3]Aste] AF Al
22 AF2SFATHChoi S 2023).

O

2. M8l S8

1153 9] =71 C57BL/6 U4 24ut2]E EAYELT (Osan,
Korea) 28] 71310] 17:2k2] 871 F 8ol 41851
ok BE AFE 22T, 9AF7] 124]710] 2EE = 004
RSB Aol Uit A58 A EA HHAES 519
4 ¥ A7E 9l SRAEETIUY 59l Sl
AHE JrHEQAHS WKU22-121). 2 B AFo] H|&a}
L5 B4 dE25(Con, n=6), YH AH(DSS-only, n=6), H]
e & 985 FojZ(DSS-UFR, n=6), & TasE Fojd
(DSS-FR, n=6)] & 47t0= 29| IFsiict. Aol A
L= B/ EL Lb plantarum JSA22E o]&-3f A ZsH & ¥ta
B ARSI, B EEL UE 5T ZRER g2 &
At & ARE AHESHT

A A1ZF 5A7E A 2 Lt A58 HHsH o
ALY IS Uuk Ao 2.0%(wvol)  DSS(MP
biomedicals, Ontario, USAYS 41o] #5814 dlth. 5979
DSS Foi7t $hmE & TE oA gut A48 dHstes
5903 SAJo] DSS-UFR#} DSS-FREol A ZFz} v)dr g A&
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D=} Lb. plantarum JSA22°E T EE-S HAFoI=S st
A AZ 1Y) BE A FES FJAAFH

M

4 Mz =H
A I S Brksl] Hst] AlF da AL,
AAL S9H R 0o A 4X7HA] 45 Fosto] o
do] FEEE HA4olole AW (disease activity index,
DADE 45t th(Alex 5 2009). 7 A¥ 9] DAL= &
A3t Ao Q54 DSS AlF A& AIFFE ZF A5 Fof
TE AZMA] WY 5L Azl S = A

SQto® glsh= ¥ A s AWH AE=E gls)
7] Y8l 7€ Frls WS Hyste] £ W A9 2
225} th(Park & Tsunoda 2018). £l 24 95lo] &
= /A S A AR 1A upx]et d7bA] oid 4
Azt B 343 -80°ColA ¥E HusHith HE WO
Hopxl Zof Z+ IR R 7} JfA 9] AT o HE SF
ol Yol A9, o] 12,000 pm 2 587 L4 E2stho]

s
HZNS Sustech $1E 450 S0l §Officean,
Gwangju, Korea)S o] HFSA|AH AE %S Image J
Software(National Institute of Health, Bethesda, MD, USA)Z =
5o} W] waheir.

6. LHE 20| S5 U X% &5

AP FE F SN 5B WYRE FE QWA A
23tel i ZolS Zstach. g dol 24 F 24y
2o B4E 9] g HEES BE AASIE By At
2 Rstel -80TolN WE REstect

7. RNA 22|, cDNA &M 2! RT-gPCR 24

2 A9 A59 A& ¥l E 918 RT-gPCR(Exicycler™
96, Bioneer, Daejeon, Korea)2 AP35 A3 SE9] ¥
oA 22Z9] oAl RNAE FZE(Bioneer, Daejeon,
Korea)s}1l cDNA(Bioneer, Daejeon, Korea)S A5l th
RT-gPCR ¥H-S 27L& 95T A 3027 ¥FS-A17] Th, 95°C
of A 15%, 54 CoA 30x%, 72ColA] 302E 3t F7|& 5}

e HdoA Adagol avt 3

40 cycle 5t ZSZottt. & AFo| A8-H GAPDH, IL-6,
INF-a 3734Ae] mafolr] A G2 th23 ZTh(Table 1).

-

1. CHEY 34 M g3t

Floll DSSE Folstd ¥5/d A% T AYE g &
A4o] A S/ HlzstA @9, AlF
o] YeRATH(Chassaing -5 2014). Zt Aottt AG-E DSS &
Lo} Fof 7|7k vEn 2 AFof|A= 2% DSSE 5Y%t F
ofsto] H4 A RS S-S 2 AP olA DsS
A 9 & dut A, vda & A= U L. plantarum
ISA22 & R ES FolshA M Alm AFF, AlF, 29
TS S5 Alm AFT 9 AlS2 DSSE Hg4d
o] fH =04 A4 tiRTtol H|sto] FES Tt A
HEE TIATIA AASHAIL, AZE Ao ot 38 =
2SS BETHFig 1A, Fig. 1B). ot A9BHEE 249
o Ayt A5 Fofgt Eol| H|Sko] Lb. plantarum JSA22
B AEES Fog oA 7, 8dA FoSHA HET o *
UL H(p<0.05), H Apol= NLAZHA] AL Ao Y A
A G FATr 9GA o] % Lb. plantarum JISA22 & W&
£ Foiga} At 5T Aolo] WRLHES] EAY £
go] UehA] 92 olf= AHGAE s T TEA Lb
plantarum JSA22 & W EE FojFto] Uyt Al5tof Hls &
BEAE F Foet ZolE Hold A5 At A F7t
9UA o]F B FoA 9 At HFF ST A A5 B
HOZ Qs s Aol7t FHA A o g gztEn) vt
A HEdE A dRE Folgt 29 A4t Hae ot
A4 Fojdt Zpo] 7} IAthFig. 10). & A¥ 235 1
oI9S W Lb. plantarum JSA22 & a5 DSSO| 95 &=

o

Table 1. Primer sequences used for real-time quantitative PCR

Gene Forward primer sequences Reverse primer sequences
GAPDH CAT CAC TGC CAC CCA GAA GAC TG ATG CCA GTG AGC TTC CCG TTC AG
1L-6 ATC CAG TTG CCT TCT TGG GAC TGA TAA GCG TCC GAC TTG TGA AGT GGT
TNF-a CGG GCA GGT CTA CIT TGG AG ACC CTG AGC CAT AAT CCC CT
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Fig. 1. Effects of fermented rice products on disease activity in DSS-induced colitis mice. (A) Food intake, (B) Body
weight, (C) Disease activity index (DAI) score "Denotes significant difference between the DSS-only and DSS-FR group

(*p<0.05, n=6).

2 g 242 AGAYIE d Jlelsh Ao e

2 o 240 AT vlws g 23 2ok u
BE OGN U W QATE FUSRLL L
plantarum JSA22 & W EELS A¥E A5 Fofo] H|5) 6
AFE B2 Hhg2 Holgrh 11YA ‘IT-’]O]'7'" = a8E
e 4 AR P<0.001). L HT R A fg Fofgto

A FolE ¥H89 A4t FosHA] YStth(Fig. 2). °l+=
Lb. plantarum JSA22 & T8 59| Eol7} )Y S4F £ 5
el W] Ar g Fs7l= H At AU et
o 7]1& AFoA= DSS i iR EEolA b
plantarum AR326 ©Y = FoLK(Wang 5 2019), LbQI—
bifidobacterium 459 B3 4535 FoJst 349 FA A4
AAAF I (Toumi 5 2014), Saccharomyces cerevzszaeg}
Weissella cibaria®2 W aA|7] B g EL Eost 4Lr 2
& AFE AAAZHON 5 2020). &AM = 2T
2 SHFE Fofg 2u ARge Ve A H]'-Q-E A7 (Kim
S 2023)9F ] FAATIA 2 A dRE Tt AT
H| W5} th. o]= & AA| T phytosterols, oryzanol, tocols2}

Aelg/d E4o] Sl et avs yehd 4= 7]
oﬂ(Lee 2020) & FFATF obd FF R 9Jgt &
So17] el £ Aol HHEAZA] 2 & AEE
+& ¥4 dxdesA Asigt 1 2t L.
plantarum JSA22 & T F 5 Aul 414 Fof Bl ofyz}
g & 98 Fojito] BlasiAE §ogt 34 A &t
£ Hol 28 A7 arAdE & 4 A

Mo rlo
nﬁ

R

SR
o)

2. CHE Zo| Helof| CHet Saf

DSS® SurE Ay FrdL oA do|9 A7
%]+=4|(Chassaing 5 2014; Eichele & Kharbanda 2017), 7]&
QoA mEvtol QAL B FARS Folt T Fobd
thko] o]zt 3|EE= Aol HirE|o] JIthToumi 5 2014;
Wang 5 2009). & 4OV DISE 39S 91 o

¥ 45E ABT ZoIA Bl g By Rz 19
R3PS ] o7t LAt THp<00s). W 2 L
Sol23} H[UR ¥ UR FoILe A4 R WL
2 v o3 ool Aol7t QieirkFie. 3). WHBHE S8
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Fig. 2. Effects of fermented rice products on luminol response test in DSS-induced colitis mice. (A) The representative

image of luminol response test. (B) The statistical analysis of luminol response test. “Denotes significant difference between

the DSS-only and DSS-FR group (**p<0.001, n=6).

7(4/\94_ lﬂ-fq ]:HX]— 710]_,] 7:] o /V\T— H]—_‘é‘_ _’_0:];_,qu. H]H]—_‘ﬁ‘_

& 4= Foit Aolof Zol7h =T, ole & Ur AA

= At anrh glon @ dut Alof H5) DSSE fE

:Hx}oag 2254 3Bt olu Fr FaII} AT A
2 AJAFSH(Lee 5 2020).

3. MAHSM AIO|EFl0] CHSH &1t
Q4 AT BAY DSS 9 Y Aol A
4 AOI=7HR] TN, 116, 1L6 9] S7Hotm o3

359 AT tH(Saez-Lara 5 2015; Wang 5
FoAE 1 A AeEH AelErteloz 934 4
P A=A 27 BAY INF-ast 924 F9F Bt
DSS 94 e 2 RN A5t BA2Y Ao|E7}
ol 5 dHEAQI IL-62] HAZ S5kt DSSE A=
skl Ayt AleE AlFet T2 B4 iRl H]§) IL-6

9] Wgo| 891514 Z7}5Hthp<0.05). hHAY S 5w

_4

28 4 8 Rl A7 D HSE Tl 231 7
7F YA 9t Lh. plantamm JSA22 # GBS Tt &2

9 o}ﬂl IL-6 tlJoM 25191 tH(p<0.05)(Fig. 4A). TNF-a.9]
mRNA 9 & oz ouF & gul A=} vjdtg & 9
FojFo A F7tek= 06(_) S BHPA

45k AT BPOoL Fol5HA ekekrhFig 4B).

Fﬂi

adas —Eroiil% =

FAHEQ] L. Y Bifidobacteriume TNF-a, 1L-13, IL-61} 2+
& 2054 AL O Fu 2ok 2
o] &4 911, DSS S thAA FHol Lb.E Fogt oA
ST e, 1P 16 55 Wl 471 4

oft ofy

e g An AmsEgthL 5 2
2019). £ A1} SASHA DSS 9t EHXJ?% F ndo
Saccharomyces cerevisiae@} Weissella cibariaZ WA A17] & ¥
AE2S FoIgt ojd AYoM = FASH AdSd AClE
7k19] A7t F4 A5 AT} AiEo] LRHo|QEA
ol gt FaEl AT AWt Ass EoIFAHOh
2020). Lb. plantarum JSA22 & T8 &

2 AT Aot
Wbutyrates S7HI71E AR FHA UckChol &
2023). Butyrate:= th%

ol

219l $23%t oA ol A 4]
Azl g F4, A FHlE A=5kal(Scheppach &
1992; Zhang -5 2016; Couto 5 2020), DSS 3 tA4A F
L dofA] TLR4/NFkB 415 A H2E AA|5t] TNF-a,
IL-69} 22 WA ARIEZIRIY TdS A7) AL
& 42A QIthOrtega- Cava 5 2003; Couto 5 2020). 2 AL0]|
A Lb. plantarum JSA22 % T aE-S Fo|g7] W&o Lb.9]
el 3 & 52 1 IR AT FES gl 28
& 7FsAdo] Aok 53] # AFoA= BEaE B 94RE
Eofot AR} Lb. plantarum JSA22 & W&o AFSA
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Fig. 3. Effect of fermented rice products on length of colon in DSS-induced colitis mouse. (A) The representative image
of colon length. (B) The statistical analysis of the colon length. “Denotes significant difference between control and the

DSS-only groups (p<0.05, n=6).

(A) .

15

0.5

Relative IL-6 mRNA level
H#

Con DSS-only DSS-UFR DSS-FR

(B)

25
I

0.5

Relative TNF-a mRNA level
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Fig. 4. Effect of fermented rice products on the colonic inflammatory marker expression in DSS-induced colitis mice.
Relative mRNA expression levels of IL-6 (A) and TNF-a (B) in the colon tissues between groups. Denotes significant
difference between control and the DSS-only groups (p<0.05). “Denotes significant difference between DSS-only and DSS-FR
group (p<0.05, Con, n=6; DSS-only, n=5; DSS-UFR, n=6, DSS-FR, n=6).

AOIEZRQ] Aol B ARAAS & & AU £ AT
A SR RARY] WS AIHE AAISHA] E3E AlgHd ol YA
gk old A+ E £ AY daE Sk DSS f o
T HollA Lb. plantarum JSA22 & HHE0] Fol= W
butyrate 5] Z7}2 £ TLR4/NF-kB A5 A HAZE A

o =}

SBHL TNF-a2} 1L-6) 2 oilstol ozl 24k 2 4
9% JEE AMAZIE AoR AREG. teby 27}
AG-E Bl DSS 2 A E EONA Lb. plantarum JSA22
2 I aE Fol2 QI3 butyrate 55 ETT SA|AARY
W3}, AW A 7)ol vAE %S FAZCE 8
B4} 9ok

Q0w #E

2 AolA= DSSE Frd AN tdd 55 L4
A Lb. plantarum JSA22 & X G -E9] tiAA SAF /WA &3
4 FE5 afEs st shglth 2% DSSE Fost]

$9e SESIT 2% B Ak A, vpaE
A=, Lb. plantarum JSA22 & W8 &5 Folst9ct AHE
A, +H W A9 o, i dolo] HalE gl A3,
DSS 3t el 5 Gut A4 Fojgto] H]sto] A
BE FoidoA A=t Y A7t footA
231500 Dssol oJ#) S48 o Aot SR Eeh.
AZA Abo]E7IQl IL-62F TNF-a9] mRNA WS 245 2

R
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3}, Qul 240 A IL-69F TNF-a9] BFalo] Z7}al9 oLt
Lb. plantarum JSA22 & 28 & FojFo|A= dgdo] 7445}
= AL GAL 5 AUk oA AI= Lb. plantarum
JSA22 A g Eo] ARFA Ale|E7RI9 WS AStAIA
o2 DSSo|| 93 SEHE AU ZAS Mt Aoz
Atz e}, E35161H, Lb. plantarum JSA22 2 TR 5L AYF
S ARIEZIRIS] A ASAFICEHA YD T4 N
A9 FEF ado] 582 & 5 e a4E &8E &
U= ACoE PZHEH

1

ZtAlel 2
B =52 538 ANEAG(PI016707) 2.2 4=
H A3yt
References

Ahn YJ, Choi HS. 2014. Potential probiotic properties of
exopolysaccharide producing lactic acid bacteria isolated
from fermented soybean product. J Korean Soc Food Sci
Nutr 43:749-755

Alex P, Zachos NC, Nguyen T, Gonzales L, Chen TE, Conklin
LS, Centola M, Li X. 2009. Distinct cytokine patterns
identified from multiplex profiles of murine DSS and
TNBS-induced colitis. Inflamm Bowel Dis 15:341-352

Belizario JE, Faintuch J, Garay-Malpartida M. 2018. Gut
microbiome dysbiosis and immunometabolism: New frontiers
for treatment of metabolic diseases. Mediators Inflammation
2018:2037838

Chassaing B, Aitken JD, Malleshappa M, Vijay-Kumar M. 2014.
Dextran sulfate sodium (DSS)-induced colitis in mice. Curr
Protoc Immunol 104:15.25.1-15.25.14

Choi HS, Seong H, Kim SA, Song Y, Sim EY, Kang H, Han
NS. 2023. Lysine-fortified rice germ yogurt fermented with
Lactiplantibacillus plantarum JSA 22 and its beneficial
health effects. J Funct Foods 109:105787

Couto MR, Gongalves P, Magro F, Martel F. 2020. Microbiota-
derived butyrate regulates intestinal inflammation: Focus on
inflammatory bowel disease. Pharmacol Res 159:104947

Eichele DD, Kharbanda KK. 2017. Dextran sodium sulfate
colitis murine model: An indispensable tool for advancing
our understanding of inflammatory bowel diseases
pathogenesis. World J Gastroenterol 23:6016-6029

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B,

e HdoA Adagol avt 7

Morelli L, Canani RB, Flint HJ, Salminen S, Calder PC,
Sanders ME. 2014. Expert consensus document: The
International Scientific Association for Probiotics and
Prebiotics consensus statement on the scope and appropriate
use of the term probiotic. Nat Rev Gastroenterol Hepatol
11:506-514

Kim KY, Son JD, Hwang SJ, Lee JK, Park JY, Park KI, Oh
TW. 2023. Fermented glutinous rice extract mitigates
DSS-induced ulcerative colitis by alleviating intestinal
barrier function and improving gut microbiota and
inflammation. Antioxidants 12:336

Lee MG, Chun BH, Dhungana SK, Park JJ, Kim ID. 2020.
Quality characteristics and antioxidant potential of rice-germ
rice processed with different heat treatments. Int J Sci
9:16-21

Lee MY, Choi SC, Kim YS. 2019. The role of gut microbiota
and use of probiotics in the treatment of upper
gastrointestinal ~ diseases.
Gastrointest Res 19:99-105

Liu YW, Su YW, Ong WK, Cheng TH, Tsai YC. 2011. Oral

administration of Lactobacillus plantarum K68 ameliorates

Korean J Helicobacter Up

DSS-induced ulcerative colitis in BALB/c mice via the
anti-inflammatory and immunomodulatory activities. Int
Immunopharmacol 11:2159-2166

Lynch SV, Pedersen O. 2016. The human intestinal microbiome
in health and disease. N Engl J Med 375:2369-2379

Nagaoka S. 2019. Yogurt production. In Kanauchi M (Ed.),
Lactic Acid Bacteria: Methods and Protocols. pp.45-54.
Humana

Oh WS, Jung JC, Choi YM, Mun JY, Ku SK, Song CH. 2020.
Protective effects of fermented rice extract on ulcerative
colitis induced by dextran sodium sulfate in mice. Food Sci
Nutr 8:1718-1728

Ortega-Cava CF, Ishihara S, Rumi MAK, Kawashima K,
Ishimura N, Kazumori H, Udagawa J, Kadowaki Y,
Kinoshita Y. 2003. Strategic compartmentalization of toll-
like receptor 4 in the mouse gut. J Immunol 170:3977-3985

Pan Y, Ning Y, Hu J, Wang Z, Chen X, Zhao X. 2021. The
preventive effect of Lactobacillus plantarum 7S62 on
DSS-induced IBD by regulating oxidative stress and the
immune response. Oxid Med Cell Longev 2021:9416794

Park AM, Tsunoda 1. 2018. Forensic luminol reaction for
detecting fecal occult blood in experimental mice.
Biotechniques 65:227-230



Saez-Lara MJ, Gomez-Llorente C, Plaza-Diaz J, Gil A. 2015. 27:615-627
The role of probiotic lactic acid bacteria and bifidobacteria Wang G, Liu Y, Lu Z, Yang Y, Xia Y, Lai PFH, Ai L. 2019.
in the prevention and treatment of inflammatory bowel The ameliorative effect of a Lactobacillus strain with good
disease and other related diseases: A systematic review of adhesion ability against dextran sulfate sodium-induced
randomized human clinical trials. BioMed Res Int 2015: murine colitis. Food Funct 10:397-409
505878 Xia Y, Chen Y, Wang G, Yang Y, Song X, Xiong Z, Zhang

Scheppach W, Sommer H, Kirchner T, Paganelli GM, Bartram H, Lai P, Wang S, Ai L. 2020. Lactobacillus plantarum
P, Christl S, Richter F, Dusel G, Kasper H. 1992. Effect of AR113 alleviates DSS-induced colitis by regulating the
butyrate enemas on the colonic mucosa in distal ulcerative TLR4/MyD88/NF-kB  pathway and gut microbiota
colitis. Gastroenterology 103:51-56 composition. J Funct Foods 67:103854

Sultan N, Varney JE, Halmos EP, Biesickierski JR, Yao CK, Zhang Q, Wu Y, Wang J, Wu G, Long W, Xue Z, Wang L,
Muir JG, Gibson PR, Tuck CJ. 2022. How to implement the Zhang X, Pang X, Zhao Y, Zhao L, Zhang C. 2016.
3-phase FODMAP diet into gastroenterological practice. J Accelerated dysbiosis of gut microbiota during aggravation
Neurogastroenterol Motil 28:343-356 of DSS-induced colitis by a butyrate-producing bacterium.

Toumi R, Soufli I, Rafa H, Belkhelfa M, Biad A, Touil-Boukoffa Sci Rep 6:27572

C. 2014. Probiotic bacteria Lactobacillus and Bifidobacterium
attenuate inflammation in dextran sulfate sodium-induced

Received 15 November, 2023

. e Revised 08 January, 2024
experimental colitis in mice. Int J Immunopathol Pharmacol Accepted 15 January, 2024



PISSN 1225-4339  eISSN 2287-4992

Korean J. Food Nutr. Vol. 37. No. 1, 009~016 (2024) DTRAIIZHORSIS] X
https://doi.org/10.9799/ksfan.2024.37.1.009 l:“_OgllL)_'E [ee) ﬁTQI]OIJ

THE KOREAN JOURNAL OF

OIS . OTE - BCHI - O|RIE - ROIE - AMT " - ‘ol2H
1=

FFRERSL AEGF oA, SR ENo L AFGFAF A,
2GS EIE DE, I BN AFGYAAT 55

Physicochemical Characteristics of Enzyme-treated Super Sweet Corn Sikhye
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Abstract

To produce super sweet corn sikhye, substituted for sweetener, the ratio of rice and super sweet corn was adjusted and processed
with complex enzymes during saccharification, and their physicochemical and sensory properties were analyzed. The soluble solid
content of the control and Corn-5 showed significantly high content at 13.50 °Brix, and the reducing sugar content of Corn-5 showed
the highest content at 9.45%. The control showed the lowest free sugar content among all the experimental groups, excluding maltose
content. In the enzyme-treated corn sikhye group, as the amount of super sweet corn increased, the content of sucrose decreased
and the contents of glucose and fructose increased. The content of ascorbic acid and polyphenol compounds increased as the amount
of super sweet corn increased. DPPH and ABTS radical scavenging abilities increased with increasing ratio of super sweet corn and
enzyme treatment compared to the control. In the case of sensory evaluation, Corn-3, which substituted 30% of super sweet com
for rice and treated with enzymes, showed higher evaluations in taste, sweetness, and overall preference than those of the control.

Key words: super sweet corn, enzyme treatment, physicochemical property, sikhye

M =2 saccharata Sturt. )= 3 35F0] 20 °Brix o|AtO 2 Yl 2544

Heh RhEsl EomA AUl RERAT £ 7 gos

L5 (Zea mays LY= 2020 7|20 2 A A oA AJA & @ BSs Hofjol FoFste] an|7|Rto] A2 HHS

He 7MY 22 35 59 stvoly 2 Au|EE, AlRE, 7R AL Qlof(Yang 5 2007) °]& ¥EE 3 =L 715 4
A8 & Thge 822 o851 JYTHFAO 2022). S5 AlE7igo] da it

= YRS, A&y, FISSS dEes 5 &5 oHH, Ag= HEE T A7159] Bamylase?] 20 =

w2} oofstA EREL Jlon fEyEois 2 &S IS GRAIA ThE SEUEe] R ME SRR
5 Auliste] 7480 = 2 o] &E oAl tHLee & (Ann YG 1999) B3} 73 5 H+£0] glucose, maltose 5 2=
Yoon 2019). Eof=lo] ol2 <l @uty £/ & Hrh(Hwang 5

s EEE F 2254 (Super sweet corn, Zea mays 2020). 2 Al AE S50 gt 7|5 x et AFuir RA}
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Aol =Y HX}o] ofo] A7t T HAR =A UEht
(Lee & Byun 2006) A& A5 22 5 AFof gt =2 43

TE & 4 Aok @A) AlF9] AHFAQl AxuHoz dy
ARSEI s WL NS Gk 5 Aol AgHlob

59 GF B AFEVER] AvRE HAvbeta %101(Ann
& Lee 1995) 2] EGFsH2 7= EFY Azl IA L 2
E‘r %141 APAo] = A5 Az Al AFFFEHH 7t
517] 918l AR EHE o]-&(Kim 5 2007)5+A

L} Hﬂﬁl-.-.—(Yang 2015), FZ(Kim & Park 2012), E&}H]
(Jeong & Yu 2013), 2445 (Cho & Joo 2010) 59 A7}
HuEQov, 2538545 o83t 49 /i A= Fot
5 5 gloh 2% FL7t Eob AFAGA A A9
Az A H7tE= AHEoF 59 JIFH RS tAste] 4]
glof| AFFYLEH 7S Fostr]of Heet AFAAq
A2+t

AE7H7E F BAAE Ve ARY AvEE S
AZIAYG HAxe] ¥zt =& 4 2330 24 59 54
O & thstA AHEE AL QUth(Lee T 2021). O]9 Z2 A
A 71e2 23 gHE Hoty 9 Boh &
BAA AFAYRA ] E& 7S WE £ UZ R
AtsE .

oEkA], B Ao 2FLpo] AR
< ofjAota g9t 7544 Bt wol1l }i% S
o] BAAYE oto] 2 &9 o]ty Y f‘%&g} iy
/d H3kE EA5H oM (In 5 2023) o] & HI'F L
Z A B4} 2G&54E G8olo] 499 AFJFTH

AL
bl =

7S Foln gulE M1 AR SR8 Astud 5
e,
e L
1. dEnE
£ AT A AGT 2FSASL 203UE 7UOIA 89

71014 TYto] AR ARG
83 419 AZE 9Jstol W7l

= 2 $252 olsftaoR
BASAn 5 205) & 7184 N U A Pk 2

of F+dsto] ARE-SHATE

Z2FEFe BAAYE 3 Bhe GHESAFU 2 (Seoul,
Koera)oll Al Y3t a-amylaseA| 2] AMG 300L BrewQ(300
AGU/g), 9 invertase| 2] Inverlyve P(400 IGIU/g)9t G B A
2~(Bagsvaerd, Denmark)of| A S-St cellulase#| 9] Cellucast 1.5
L(700 EGU/g)E AH&-SHAH-

2. BaXE| =87 A9 M=

A 294855 AF9 AXE Am YG(199)2] W
¥ #z235k0] Table 19] A0] fﬂrﬂ} AlzstATt. AAaA ]
2955 A9 Az MG Bal FH 2FL4S 7
AAE =252 AL Edlo 9 FAQ amylase,

cellulase, invertaseS Z3}5lo] Al A Zof o]&3uct =
AF o2 =Htul ARRshe] A 23 o &2 (Control), I
FHY 50%E 2FETT I HER tiAste] RS

o7 A|Z3t A¥H(Com-control), LFH Al 2G4
AT oY ES 10%, 30%, D 50% 22 HhASIAL amylase,
cellulase, invertaseE S35k Bstg A S H7)sto] A=k A

3 +(Corn-1, Corn-3, Comn-5)°C.2 S}t

AeAzE 14?_? WNE FE2de 5l AA 5T
10%7F FE2 58 715t} 60 CoflA] 2417t &3 o2 &
E3lo] TFPRL BT YAo] 1247 WA 5te] A5

9 ARESHATE B3k 60°CoflA] A1 SF FRHAA A xR
3191 21 (Control, Corn-control). Corn-1, Corn-3 ¥ Corn-5 A3
S G0COIA AN FEAZ] T BYALE Ffotel 27
E 1AZE B3ste] & SAIZRS BRI BE & e A

Table 1. Formula for preparation of the enzyme-treated super sweet corn sikhye

Sample Control Corn-Control Corn-1 Corn-3 Corn-5

Super sweet corn (g) - 100.0 20.0 60.0 100.0
Cooked rice (g) 200.0 100.0 180.0 140.0 100.0
Malt powder (g) 80.0 80.0 80.0 80.0 80.0
Water (mL) 720.0 720.0 720.0 720.0 720.0
Cellulase (mL) - - 8.0 8.0 8.0
Amylase (mL) - - 8.0 8.0 8.0
Invertase (g) - - 0.4 0.4 0.4
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T2 BAE BEEASSH] skl 100TColAl 202 &<

aadE 2985s AdE 7 Az Bt Az D
84 TPE TS 2 FEA(PAL2, ATAGO, Tokyo,
Japan)E ©0]85t0] A5 1 FHAY THF2 dinitrosalicylic
acid(DNS)o]) Of3t WS o] gato] 32 1 mLoj DNS A
ok 2 mLg H7Fste] 1087k 7kt Wzkst & 550 nmojlA]
SHLE =45} tHChae 5 2000).

2) 7e|g shef

B 2FESS A9 FEd 2 045 im membrane
filterS S3}A]7]311 HPLC(Waters, Millipore Co-Operative,
Milford, MA, USA)Z %3190 ™ column Supelcosii TM
LC-NHy(5 um, 25 cmx4.6 mm; Supelco., Bellefonte, PA, USA),
Detectore= RI detector(waters 410), ©]5A2  acetonitrile:
water(75:25, v/v), column 2% 40°CZ 3lo] 243519 chYu
= 2020).

ascorbic acid,
flavonoid 3FRH&, polyphenol 29| g 4= #15H0]
oFg3} 2ol 2l

Ascorbic acid®] TFFE Park 5(2008)2] WHo| wiet A&
0.2 mLo]| 10% trichloroacetic acid(TCA) 0.8 mLE 7}5}1. ¥4
E2]7]o14] 3,041xg 2 587 AR AIZ] F of3stal o
ol (0.5 mLo]| 2% metaphosphoric acid 1.5 mL2} 10% phenol
regent 0.2 mLE E3}5to] 4204 1087F ®WX] & UV-Vis
spectrophotometer(Uvikon XL 70, Sacoman, Ales, France)E ©|
&5to] 760 nmo A FFE=E S5

Flavonoid 3}$HE9] $HF-2 Moreno 5-(2000)2] wiHo| wh
2} A]&Z 0.1 mLo]| 80% ethanol 0.9 mLE 7}5}o] o] &gt
0.5 mLo] 10% aluminium nitrate 0.1 mL, 1 M potassium acetate
0.1 mL & 80% ethanol 4.3 mLE ZZ} 71513l A0 A] 40E
ZF A & 415 nmof| A FE 32 S0 #EEE
2 & quercetin(Sigma-Aldrich, St. Louis, MO, USA)& Al&-5}
et

Polyphenol S22 ZF G4 %2 A& 1 mLo|| phenol
regent 0.5mL2} 10% Na,CO; 1 mL, £F5 7.5 mLE A2
&35}51o] 3087 HFA] & 760 nmoj|A] SRS =451 0
HFEHE = tannic acid(Sigma-Aldrichys AH&-SHATH

_EL

Agfle] olsata] £4 1

(AOACH 1995).

4) ikt 2y

aaAe] 29954 A39 Gakst YL 245 915
o] DPPH radical &7 53} ABTS radical &2A%5S 43} t}

DPPH radical 752 64 3|43t A|& 2 mLo| 0.2 mM
DPPH 2 mL 87} % £ 5 A20l4 3087k ¥hgate] 517
oA SFEE Z5FAthBlois MS 1958).

ABTS radical &A%< ABTS A|2(2,2’-azinobis(3-ethyl-
benzothiazoline-6-sulfonic acid) 7.4 mMI} potassium persulfate
2.6 mME A %3 T 517 =9t 2t4o| vHA|5l A|eko] 33
LT kol 15 o7} H=% SHRTE 345 & 545 ABTS
AJoF 1 mLof| 114] 343 A& 0.05 mLE H7}5)1 AFLo
A 087} WFSAIZ 5 734 el A SHES Z5HAchRe
S 1999).

4. S=mo}

aLAE 2FEeg Ao #
7] f15te] FFAl, SBT Aol Aok 19-644] A4 &
Y & 169y 2 ) o w ApirA o Foet A i
o5 HEB7FE AdPstom A= g, 3, M, T, =4
7, &34 715% o) tste] tiets] 4lth(dislike extremely) 1
7, HZo]t}(neither like nor dislike)S 474, 5] Zth(like
extremely)S 72402 3= Likert 74 H o] wet =435}
AHIRB 591¥15: KNUT-2023-HR-30-33).

o)
ol
2
i
)
ol

N
P
N
>
ol

5. SHAzZ|

SPSS 26.0(IBM Corporation, Armonk, NY, USA)S o]-&3}
of W3 TEEAR Uehsion, ABZ 1 Aols
one-way ANOVAZ F-43%t T Duncan’s multiple range test®
49F 7 K9l4S AR,

=
&4 12 2 AY dixa aaAE] 29855
Corn-59] 749 13.50 °Brix2 2E ARt f9% o
B £ S UEler, aa ;HE] SHA| 92 235
a4 A5 Ag :,T_L(Corn control)2] -9~ 9.60 °BrixZ 3-2]2] 0.
o 2438 ehilct. ol9t 22 olfs 413 A
Z A AR "?:LEJO] A3 B3t a4AFE 5HA] 87

whgo] L g el A0R 298552 A7 4
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Table 2. Changes in soluble solid, reducing sugar content of enzyme-treated super sweet corn sikhye

Sample
Control Corn-Control Corn-1 Corn-3 Corn-5
Soluble solid (°Brix) 13.50:£0.00™" 9.60+0.00° 12.9740.58° 12.90:£0.00° 13.500.00°
Reducing sugar (%) 8.80+0.05° 6.08+0.04° 8.95+0.01° 8.93+0.01° 9.45+0.01°

Y Values with different superscripts within a row (*%) were significantly different (p<0.05).

d Az TPgel A B3 BaAe A 7H8H 1HE Faol
Z7hehe AL I 4 ot

SUY P B A PR 880%AH, 2%

% o] RoldeE S7h5He A4S Urehigle ol

84 TR U] Ao} rhAR AR AT T

Ste] ofo] Zol59l7] ThEl A

o 29944 499 49 2904 W7t F BeRL 4

_/’:

5!

o

d

S

(0]
ol
)
il
)
)
5
fol
P

22 fRFEOGE 52 39 S HYa 232
H7Fgol wetA = vl&o] ot
EFH I Corn-5 A o]
o] gFe Bt
Kim JS(2012)= A3 A= Al 24 F7} v]&9]
o] EA4E vug 2, ot H7} A5 7 1P e o
7t vlgo| I7FRE fo40=2 FTfeke
2 AFZATe fARE 23S B

289 FEF2 glucose, fructose,
AZE Sl 11 A= Table 33 2t

Ale] Ao W |23 T Aol glucose?} fructose
9] A tixto] 7MY W2 RS Uil aaAE =
FES AT 235559 o] 7S Tl
S7Fot= A2 UEYo] Com-57F folF o0& 71 =2
S UEFH AT Sucrose] - t w0l 0.023%2] T
< UEHIRLAL, 2325 A3 tixto] 0454%2 7S =

o Wue naT BaAdE 2RS5s JHPS 224
o ggFol 7S sucrose®] o] AAachHs AFE U
Bt} ol Ed R4 F invertase®] 280 O] 2T
$420] HS-H sucrose”} glucose@} fructoseZ 7}<=3-5] = o]
sucrose2] gFeFo| Z+A51al glucose & fructosel] $FaFo] S7t
ot o2 AZM=E T MaltoseQ] 79 tjZFto] 8.936%= 7}
& w2 A UEtleH HE A folF el Aol
£ Holx] gttt

Jung 5(2017)2] EAA o] TE opfEsol FEY e
EAX Ao A= o ESolo] cellulase W pectinase A %
2] A] glucose ¥ fructose?] FgFo] FoH 082 F7loh= A

o® Ueh} 2 7ol fAR Ae Yeryglc

24 19

ol

3. ehirst b

RaAe) 2RSS Al s AR
ascorbic acid, polyphenol & flavonoid 3}5HES
1 A= Table 49} Zr.

Ascorbic acid®] 39| 9, 2T I 2G5 44
2ol 4.87 mghE SAHEUY. A4 23555 4
&9 $FFL Corn-590A4] 6.10 mg%, Corn-394 5.93 mg%
2 71 =2 3kF2 Yl on Comn-1914] 4.75 mg%®
S =0l Aaxy 9 2385549 o] 7] wet
FoH o7 Fefo] Frbots A EArh

Flavonoid 3}-& 2] 3%, A5 W ggol m% A3
ou AT FolM= 2FE A9 R0l 1.65 ng%

0z
HI
ob

y I
xR

0

Nt

Table 3. Changes in free sugar contents of enzyme-treated super sweet corn sikhye

Free sugar (%)

Sample
Glucose Fructose Sucrose Maltose
Control 1.028+0.004°" 0.229:£0.002¢ 0.023+0.001° 8.936£0.010°
Corn-Control 1.325+0.011¢ 0.291:0.020° 0.454+0.003° 4.568+0.034°
Corn-1 1.355+0.010° 0.315+0.005° 0.018+0.001° 4.670+0.043°
Corn-3 1.874+0.007° 0.486+0.012° 0.010:£0.003¢ 5.030:£2.524°
Corn-5 2.409+0.006" 0.674+0.027* 0.003+0.003° 6.793£0.404°

D Values with different superscripts within a column (*°) were significantly different (p<0.05).
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Table 4. Ascorbic acid, polyphenols and flavonoids contents of enzyme-treated super sweet corn sikhye

Sample
Control Corn-Control Corn-1 Corn-3 Corn-5
Ascorbic acid (mg %) 4.87+0.22°) 4.87+0.13° 4.7540.22° 5.93+0.53 6.10+£0.19"
Polyphenol (mg %) 18.25+0.90° 25.69+0.34° 21.27+0.144 24.44+0.11° 32.09+0.18°
Flavonoid (ug %) 1.12+0.23° 1.65+0.00° 0.85+0.00% 0.3120.23¢ 0.58+0.47%

Y Values with different superscripts within a row (*°) were significantly different (p<0.05).

VB BFL UehIAT & A5 2 Eo] 112 g
UeRdth BARE 2984 Aol 2Tew o
ol W2 flavonoid S}3HE F9] HFE Ho|A &= EouTh
Polyphenol 2}H=2] gHF2 i Fo] 18.25 mgh& 7HE
92 TS YEFHA O L Comn-5 A2 32.09 mghZ -
ojFos AV we RIS dehfsion nade 2T
e AslolA] 2T B0l F7FEAE o] 5
AR 2R S A DR vl nT o) B3 5aA
2jo]l SJa} polyphenol SFeHES] Freo] Z7lele Aoz 1
eht maAEsE 2400) 15 502 1 FREE ST
Ao 2 IHE it
Hwang & Sohn(2020)2] o}z o} 2508 H7lsto] A=z
@ 490el FASA B8 G2 cf2yol Aot
H71Fo] 71845 Z polyphenol 3= gHefo] §-o]& 0
2 Z7bsiol £ sl fAtE S na

4. Shitst EM
A 2GS 459 Falst E4E
L Table 52+ Zt}

DPPH @]z AAL0] AL & A5 hREL 58.78%=
T 32 24E YE o, 25485 TEfo] MY w2
Com-so] 69. 28%§ Qoo N =L %L*é% e

AAE 2FE4 499 DPPH S A4 52 2%
= 3o —ﬂﬁh—i g/go] 7= 75%2 YERHSL
1, 2G5S A5 gl 27o] 62.33%E S = o] EAaA T
Al F7ote A UEdle 22 & gRlx o

gt 23

A

b

ABTS Zt|Z £752 & A8 0] 62.71%= 7+
w2 e Bt 2aAE 2dSas A9 Com-S
o A 1AN%E FAH R MY w2 B HEIHSIL
v xS gl S7HEE 840l SV 43
Uetolot. 2gEaa A8 fEa o] B¢ 70.83%2 24
#2] Al ABTS 2tz £7)50] S71shs 332 HYetdle

ASE YET

Kim & Park(2012)9] Mg A= FE22 H/HeE 459 &
g 53l At AellA 14% 5 FE= F7HFel 571
&<+E DPPH &0 &750] o8 o2 F71shs 23E
Uetdio] A7-2xtet fARE Fde HERHSIH. 531, 29
S A9 fiRat vlalsto] 42 HER Aok 54
2] 25 4]3]9] DPPH 5! ABTS 0z £750] &2

—

ﬂl

Ao Hol A5 A& oA 2FEpa AaAY A §
Abst g/l 32 a/lo g ZEol= AS AT 4= 3
ATt

SHH, 2GS AHE 24T 47 ISt JEE
FAbsE A4S0 tigh AATHEA(Table 6)]A4+= polyphenol
3HET ABTS 2t 44579 rgko] 0.9402% 7MY =2
Ao & UEit

5. 2k=4o}

aAY 2385s A9 #E7 SAHT A=

Table 73} Zt}.
Jh(taste)2] 74-F-, AT 2FEeSE A9 Com-37F
142 SO0 R A B WEon 2S5 Ao

Table 5. Antioxidant activities of enzyme-treated super sweet corn sikhye

Sample
Control Corn-Control Com-1 Corn-3 Comn-5
DPPH radical scavenging 58.780.80" 62.33+0.41° 60.02:1.04¢ 64.79:£0.98° 69.28+0.37"
activity (%)
ABTS radical scavenging 62.71+1.36° 70.830.55" 66.85:0.34° 71.61£0.27° 74.92+1.29°

activity (%)

D Values with different superscripts within a row (*%) were significantly different (p<0.05).
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Table 6. Correlation coefficients among antioxidant compounds and antioxidant activity in enzyme-treated super sweet comn

sikhye
Ascorbic acid Flavonoids Polyphenols DPPH ra(.hcal ABTS ra(.ilcal
scavenging scavenging
Ascorbic acid 1.000
Flavonoids -0.669 1.000
Polyphenols 0.672 -0.214 1.000
DPPH radical
Scave;;g‘ 0.709 0321 0.885 1.000
ASBC S’;Z?:;al 0.711 -0.255 0.942 0.936 1.000
Table 7. Sensory evaluation of enzyme-treated super sweet corn sikhye
Sample
Control Corn-Control Corn-1 Corn-3 Corn-5
Taste 3.88+1.50%" 3.31+1.54° 431+1.25% 4.44+1.21° 4.00+1.10°
Flavor 4.25+1.18 4.56+1.46 4.06£1.12 4.38+1.02 4.56+0.81
Color 3.94+1.57 4.44+1.63 4.19+1.17 431£1.30 3.94+1.06
Sweet taste 3.63+1.26™ 3.44+1.67° 3.81+1.47® 4.69+1.30° 4.19+1.33®
Swallowing 4.69+1.45 3.50+1.15° 4.56+1.36% 4.00+1.10° 3.69+1.01%
Overall preference 4.00+£0.51% 3.56+1.59° 4.44+1 41% 4.81£1.28° 4.19£1.28®

Y Values with different superscripts within a row (*°) were significantly different (p<0.05).

diZo] 3312 ooz M} yuA griE Qi &
(flavor)2] 7, HE= Al&aol A FoAQl Ao]& YetA|
Lo mu]SER|T 25420 JFgo] FU S £
B7 e A YEUHAT M(colon] Aol = He
Aol Al F-olAQl Aol & YERA] ehgtow 2FE44
Al tj 2ol 2 EA Bt AdE UE T 95t
(sweet taste) & FAHE] 2FS%s A2 Com 37 469
2 f9¥er 7MY A HIHEQAH B AE dx,
Corn-1 & Corn-59] - 9% Q1 20| & Holx| gtom,
29255 AF tiRio] 3442 folH o 7 A 1
et} Zd A wallowing @] 29, 2 48] o] 4692
$o1M 02 AV 37 WAEGO0, 2P8ss 49 Bz
Jo] 3500 9ojHow 4 v BT BAH
o 2995 AdRe) Aot 2P94sd] ol 2
Tt s Bk AR Uepigen ol 419
Az & 5aAgE 238559 7807t viAl= A
Al Fdde #53 Brlo] B4 aRlo g A8t Ao
2 AtgHEn 94 7] 3 X (overall preference)of| A= G A4
7] 2Ly AF2 Com-371 48182 FoHOoR 714
27 B7h=joon ol Al Wt whto] 29l 8

Rlo® g3t Ao 7 AtRHY 284S A5 R+
7B 3562 7Pg vEA griEglow, & AlE R,
Com-1 B Com-5 2]24]Q1 #fo|& Holx] ¢kt

Park SI(2006)2 7FE%21S 0-3% H7kgh AlgjoflA] Tt o
I d FEH 7|15 koA Hrlol FUHEeE f9HoR
AB 7t F7kete BFS Holu, 7HE=t 3% 7t A8
oA ASwE7t Zacte AT UeEh & Aet fARE 2
IS HERIT Kim JS(2012)2] 245 715t 48] &4
AollA] 7 HlEo] e FFH 7|3k 7t HlEC] T
VRS A3 et 7ok AdS Holu ot 30% 7t
AgoflA AS w7t ZHashe A 0= Kol fARE 235 U
ERA A}

olo] AitE T HH, AAAY 2FE5S A9 A
Z A Z7 e AR 235559 H&o] et o
2t 7HEAd B E 9 FEDY ol IS gl 4
AANoT S} 7 T A FaksE & E3E Sl
oh W53 4 971 A GRbEQl A= vhE A ET
FAhAE 2 44 715= Bt
oM =2 B7HE W2 F¥FS BAch B3 23Ees o
o] 7Y =2 Com-5 AP ETt 3ol A& Com-3 A

d
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Avs AR 23E5 AE AxsH] st W3t
29485250 )& 251 I BEAES A2 slo]
Az F o5 olstety 9 weH E4E& E4stth

7MY 1R E FFS B AE diz2d Com-57F 13.50
BrixZ §o2 08 7P} 2 S HAL, TG THFY
7S Com-57} 9.45%% E& FFS Uethsdch f29 o
Fo & A5 272 4 maltoseS A S FEF TFE>
RE Aol 7MW ghe yEhileH aade] =
oz ALl 2FL 2 slako] Z718HE gucrose?)

@'Eko] A3kl glucose X fructose®] o] F7Fo= A
2 YEM A} Ascorbic acid @ polyphenol 3}5HE9] Sk

2555 gl S7HEl w1 ol Sk A%
< YEH QAT flavonoid S}gHEe] g2 2E AT
A e A2 ZeE UEyth DPPH St 2753
ABTS 2tz 750 A= & A9 tjzxto] Hlsto] 2
S A7F g s aaA 2o o) 27501 5715t
Atk W57t AL, & A8 xR} Com-37F o, &
T 712 nﬂﬂoﬂ/ﬂ E2 B7HE Hol 48] Az Al
S A7 AaAE 7 718 Sheke AE
th oot 22 AHE 2FESE E83 A9 A
A Esto] Az Com-37} 71 9431 o0& 7

_4

3o off ;
)

|

AUR R P =
lfol‘

LN
39,
_\1

Aol 2

2 A (ZIE)E 20238 WEHO] Yo =t
Aol A U-g ol e AxA|-tfst FH 79k |G Al

A} (2021RIS-001)} 2023 = mETHska Abskg e 4|
A2 ot Sstoiayt.
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Effect of Astragalus membranaceus-postbiotics Polysaccharide
Changed by Lactic Acid Bacteria on Macrophage
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Abstract

To increase industrial applicability of Astragalus membranaceus (AM) as immunostimulating materials, hot-water extract (AME)
was prepared from AM and fermented with Kimchi-lactic acid bacteria (Lactobacillus sakei & Leuconostoc mesenteroides) to prepare
fermented AM-postbiotics (FAME). Although FAME prepared from AM-postbiotics did not show a significant enhancement in
macrophage stimulating activity compared to non-fermented AME, crude polysaccharide (FAME-CP) fractionated by EtOH
precipitation from FAME showed significantly higher macrophage stimulating activity than AME-CP. Compared to AME-CP,
FAME-CP showed dramatic changes in component sugar and molecular weight distribution. FAME-CP was a polysaccharide with
a major molecular weight distribution of 113.4 kDa containing Man (44.2%), Glc (19.3%), Gal (10.2%), GalA (10.2%), and Ara
(7.4%) as sugar components. FAME-CP with enhanced macrophage stimulatory activity not only increased expression levels of mRNA
genes encoding macrophage-activated factors (iNOS, TNF-a, MCP-1, IL-6, and COX-2), but also led the nuclear translocation of
activated p65 and c-Jun. In conclusion, crude polysaccharide from AM-postbiotics fermented with lactic acid bacteria could increase
industrial applicability as a functional material with enhanced immunostimulating activity than AME-CP.

Key words: Astragalus membranaceus, lactic acid bacteria, postbiotics, macrophage, crude polysaccharide
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o 7}Eg B4 leHEoR AMESIAL jorEel das
= AL dhel, ]JE 3o Bztagl o =48 six|1
o] 32 ESFSl T oFHof A u]7]—_9_h‘g 2 SH} =0] okx]
A S 2021). o]&st
0_15 = Sl &7|(4stragalus membranaceus)—: tfeel=
oFAMof 25 o] 9l FTH(Leguminosae)o] £5H= o 234t
o] thiA ZEAEE, HUORE Tl glon, W,
5 5 obAlob At 57 % obmelst 3 Aol 2
513 Q)= Ao A4 A 9IrhKim S 2007; Tran S 2017).
7= A, ERHE B St iolE ALY AEA =
;qJJr TEX ]_4 1;].1—,1.2 = okﬂx%o] i nRes 71—_1: Ao E}a]:
L3-8l 9=Y|(Bae HK 2021), £3], 87| t-F(4stragalus
polysaccharide; APS)Oﬂ“ =257 9 olg @
polysaccharide) 5 =
= g8d 8 OM Eh FEG Pt €9 £ 9 FHpo]
g 59 FAl aARE Ve Aor dEA Ao
(Zheng 5 2020).

L, Aok 4 AHE9 A ZE Yot BHo=Z

F(hetero

Ha]-:é_-‘é‘ %o]— Aﬂ%o]—?Q X%Q_]—ﬂlﬁ ek O]Q.o]— 1:}01:“]- :?_7]- 2]
Y= 10 HH(Sung 5 2013; Jeong 5 2017; Kim 5 2019),
o8 7154 2T ST AES AL AT 12
o] #olA &l At} E3|, T ZHlo] 2 Bl A(probiotics)2} 7
2 AR HEE B3 postbiotics A| 2= AL/ Sl
A 71998tz FAHol 3lol, ol WEsto 7154 A&
A2 &85t1A} 5= A7) Es] AYPE T Y= Ao

E &¢A AtkHa 5

YAt Hg%e 4

2010; Shin 5 2022). $tH, L ZHlo]|Q
< 1 BolA Fefet a3E e
#< Qu|oh= HlH, EAEH0] Q Bl A(postbiotics) = T]AYE
A FA R} T 1] YA ARIES T
3to] QIACl Frofet Y2 mIAlE 7164 dAtt=S 7t
ZITH(Kim & Park 2021). @7, LS| T2Hlo|QE A=
Abol] Zleksto] Ak L EAte] oa A APEEThL ¢
A Q91 Chang 5 2015), ZAEHIO| QYA H| A I
dro] @ g iof wlg] Qbettil HAlE glow, HAE]
e E HESto] A ZX5F TAEHO|QEIAS 7]5A AASH
of diet A7 TS B ATHKim S 2022a; Shin 5
2022; Kim 5 2023b). &4, Aol ) A A EHL
oAt 4% Y AR, fold AA, HERE, I

9 FFA8 59o] ok &HQl §50] HI1ET Q)th(Cuevas-

Gonzilez 5 2020; Kim 5 2022a). StH, t}oFst Q-Atfo] &
x5t ZAA 0ﬂ~ Z2  Lactobacillus <, Leuconostoc <,

Weissella 4 59 f-AHtEo0] Wi #ojstal 9l=tl(Kang
S 2019), ol HAlE= HIASH, Y IA, F=EAHol, T

v 59 ot & A2 LA Uth(lee &

A - A9 - §3 SRR

o)

B A7 Zauk 109 22 7 990l wet w9
A

W AE L 715 4B 26 FAVSSHEA B 8
Kol 3R YoH-2-e AzWuRS L Y AAA 2R

HY /o] FXE MELR & AlES A6 3t 24E
Aurstr] Slal Aok tebd, Jorg 3 AREA gl
AREEAL e B71(A. membranaceus)®] VrFEES 0l-&S
o Al ZAXZ2XE B3t Lactobacillue sakei Y Leuconostoc
mesenteroids(Kim 5 2022a)2 F&5t1 SaA|A F7]-ZA
EHpo| QYA S A2t BT A 719} in vitro oA H
ANz 42 vlaste] JYgdo] SXE Y-ZAEHE
0|98 44 olBoe] AYHOE TG 45T WA
4 249 M 7FsdE AAlstaAL gk

oi&

a
9w

|

H
T

. 87| GASEBI | TASHO|OHA XX U X
Cie 2izol 2y
2 AoflA= 20229 770l A AElE B71(A. membranaceus;
AMYE @o]|o] x| ZEE(Pochen, Korea)o| 4] Fufjglo] —70C
(Ilshin Biobase, Seoul, Korea)ol| 4] HIelHA AREst9ct &
7] @LFEE(AME)RS AXE ST 204(wh) B 7Fst
o] decoction HIHOo &2 F& 9 YAIEF] (8,000 rpm, 4C, 20
min, Gyrogen Co., Ltd., Daejeon, Korea) & A5 H-S 345111
o] }5}0] (Advantec, Tokyo, Japan) B84 AAES A|A 5}
T, ojTkotS 7Rb5E 7] (Eyela, Tokyo, Japan)2 5% T 5
A7 Z(llshin Biobase, Seoul, Korea)o}o] ZA|o} . T30 2
3}7]-E A EHo] Q Bl A(FAMEy= ()T A|AHL0]  (Jincheon, Korea)
oflA Kim 5:(2022a)0] Al¥ A4 & - FHT FARE
(Lactobacillus sakei®} Leuconostoc mesenteroides)& AMEO]
1107 CFU/mL AE8}0](5% 1)) 35CO|A] 24A]7F Hjka}
3L 121 ColA 1587 B3 & YA E2](8,000 rpm, 4°C, 20
min)= 45HE 3|5oto] 55 4 FEUXE ZASHAH
207 AMES} FAME: A% 2847 ZA17] 1 95%
FHE SHH(W/V) A7yoto] 9] wRkEE & AR E &
3 AAELS 3451l FAMWCO 12-14 kDa, Spectrum Lab.
Inc., Rancho Dominguez. CA, USA), 5= 4 SAAZXZE 87|
rFEE 2UHY GE(AMECP)Y §7]-ZAEHO|QH
2 2 HEFAMECPIOE 77t RE5schFig 1)

2 MEF B2 T2 & DIME X8

Sl A| L3259 (Korean Cell Line Bank, KCLB, Seoul,
Korea)o| Al RAW 264.7 AN EFE 45}0] Dulbecco’s
Modified Eagle Medium(DMEM; Hyclone, San Angelo, TX,
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Astragalus membranaceus (A. membranaceus; AM)
- Addition of DIW and boling to the half vol. (decoction)

- Centrifugation (8,000 rpm, 20 min)
- Filtration

Fl-mAEvlo| QEXY] HAME B TR 19

Supernatant
- Concentration

- Lyopilization

Precipitate

Discard

Hot-water extract (AME)

- Inoculation (1 x 107 GFU/mL)

- Incubation (35°C, 24 hr)

- Autoclaving (121°C, 15 min)

- Centrifugation (8,000 rpm, 20 min)
- Filtration

- LAB isolated from Kimchi (Kim et al., 2022a)

Supernatant

- Concentration

- Lyopilization

Fermented AME (FAME)

- 80% ethanol precipitation
- Centrifugation (8,000 rpm, 20 min)
Precipitate

- Dialysis (cut off 14,000 Da)

- Concentration

- Lyopilization

Crude polysaccharide (FAME-CP)

|

Precipitate

Discard

AME

- 80% ethanol precipitation

- Centrifugation (8,000 rpm, 20 min)
Precipitate

- Dialysis (cut off 14,000 Da)

- Concentration

- Lyopilization

Crude polysaccharide (AME-CP)

Fig. 1. Fractionation scheme of crude polysaccharide isolated from AME and FAME.

USA)°]| 10% fatal bovine serum(FBS; Gibco, Waltham, MA,
USA)T 1% penicillin/streptomycin(GenDEPOT, Katy, TX,
USAYZ H7HSE WX S o :3ko] 37C, 5% CO, Z7A0)A] b
oF AP A BHIE 5] 9As) RAW
264.7% 2x10° cells/mLE 96-well plateo] 200 pLA z+zh B
Sto] v F710l A monolayers FdT W74 EHSHAIF T
o, RAE AR AYNT YEAL BT AAND
serum-free DMEM(SFM)Z+ A3t 5= 2 3435 Al 25 A
Stof 24417t & AEiFEEAT. o] % Atk Ax(nitric oxide;
NO)&= griess assay(Tursun 5 2016)=, tumor necrosis factor
(TNF)-a(Invitrogen, Carlsbad, CA, USA), monocyte chemoattractant
protein(MCP)-1(BD biosciences, San Diego, CA, USA) %
interleukin(IL)-6(BD biosciences) S5-2 sandwich ELISA W'H&
o|gste] 42 NFsIRC™, ZZ sodium nitrate
reference standard2 ¥ A4S I8 TFE A E
St A|Z Ao wE AEZEAL 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenlytetrazolium bromide(MTT; Invitrogen) A|2FZ o]|-&
Sto] S5kl 20, F-#] 2] (negative control; NC) ThH] A2
A2 -E(viability; %)= UEHATE

B ¥ 74E 24

Hg e 7] 9 §7]-ZAEHP| QYA FrigeRo] F
F4-2 DuBois 5(1956)2] phenol-sulfuric acid] .2 S4]
, Blumenkrantz & Asboe-Hansen(1973)2] m-hydroxybiphenyl
o] &5l AMdH FFE EASH o, EEFEEE glucose
(Glc; Sigma Aldrich, St. Louis, MO, USA) ¥ glucuronic acid
(Gle A; Sigma Aldrich)S 0]-€35}0] ww(%)2.2 Jerdch o
2] SFkO. Bradford MM(1976)2] ®Fof w2} bovine serum
albumin(BSA; Invitrogeny& =52 2 A ARE-oto] B35
o, & Zf = ¥ E42 EFEAE gallic acid(Sigma
Aldrich)Z AL8310] Kim 5(016)2] #1-8 o} 851l 2415}
At E3L 2oidE 2o 44 E42 Honda 5(1989) H
Shin 5(2021)9] ®WHE st WA, Algo] 2 M
trifruoroacetic acid(TFA; Sigma AldrichyS *]2]5}o] aldose T
2 E5t 0.3 M NaOHS} 1-phenyl-3-methyl-5-pyrazoline
(PMP; Sigma Aldrich)& 7}3he] SE2e} PMPE AZHA7]
FEAZ HAIZTE o]F 03 M HCIE 715t] RE=AE 5
S}A7]13L & 2 chloroform(24) iAoz £a] U &3t
5 B =2 22 5to] PVDF membrane filter(0.45 1im, Jaema

Trade Inc., Gwangwon, Korea)= ©1}5}o] HPLCZ £4& #
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v
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[e]

i
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Pt3ict. HPLC 240 A 272 Table 10] YERS
), B4 Ai}= peak area?} response factorg 0|85} mole
%= A4boFATE

4. EXjE B

MR 19k Bl EAEHoloE A EoeRe B
A} E3X = high performance size exclusion chromatography
(HPSEC)Z. WSSt =, A5t E2 s4e A2s
PVDF membrane filter= ©]3}5}a1 Table 19] ZAC0Z BA5}

R FFAFIUIIIA

BEE Z75to] Aotk 2HH, cDNA -2 ReverTraAce
gPCR RT Master Mix kit(Toyobo Co., Ltd., Osaka, Japan)Z ©]
85191t mRNA @2 SYBR green PCR kit(Toyobo)S A|
ZALS] Wb ol whah ARR-5HO] real-time PCREA]S A5
O™, Quant Studio 3 real-time PCR system(Applied Biosystems,
Waltham, MA, USA)© 2 B4I5190t}. Z17te] 27 e &
st A|ZE A3t glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) Yd=-Z o]-8sto] HAst o, ZAFAIgE primer
sequences= Table 20f LE}SATE

A=, EFEZ-L galactose(Gal; Sigma Aldrich) ¥ t}oFst

EA}9] pullulan(Shodex, Tokyo, Japan)y2 ©|-85}%.1, retention 6. oy SHZNE 0|26 CHAIM|ZE 25| 21 MARIR}
time(RT)E &3 E-IAZ 2%t & A5 RT} B 5t 9| zha
o] kDao & AAFsFAT. A W EAQ A eHG AARIARRI NF- KB(P65)9}

AP-19] AARIAL F 3}1'}?1 Jun# @ Y 29| o]F ofF

W3S o] 2a) 29Fo 7 BFolslgrt =, 24-well plate
A} ghsigk 2N Qtofl 12 mm cover slip& —1}2} 27 0.1% gelating 500 pLA
RAW 264.7 H|ZZE- 8x10° cells/mLZ 60 mm disho]] 5 mL*] Folo] 3087 ®FA|otal, of &9l A5H2 AASTHLY. o]
7+ B=35131 ¥ 7] oA monolayers @AY wWj7FA] A& B RAW 264.7 A|ZFZE 22x10° cellsymLE ZA3}o] z+z}
g3ttt o] % Hjg ATAS KT A|ASEL SFMat 900 LS B3} HjoFr| oA 347k S0t oA ElE xIs)s}
193 SER SAT ARE Aste] 44 SU ANF  Gow] ARE 100 uL Held T Al BeolA 34 5
sttt HioF g7 & AFSHS 93] A|ASHL phosphate- oF Ajufoslct. vl & 4% formaldehyde(Sigma Aldrich)S
buffered saline(PBS)S ©]-&35}o] A|25}17 RNeasy Mini 500 uLA 7Felal 1587 WHA|ste] 14510, ol Z+
Kit(Qiagen, Valencia, CA, USA)YE 0]-85}9] total RNAE = well ¢Fof 300 puL9] 5% BSA(in 0.1% Trion X-100; Sigma
St H, EE]H RNAE 260 2 280 nm@] H9]of| 4] Nanoquant Aldrich/1 xPBSYE A 2|5to] oA 147 B2t BHSAIR
Infinite M200 Pro(Tecan, Mannedorf, Switerland)Z ©]-8-3}o] & o} tr2 o2 PBSE o]&3dlo] AASH FH 12 FA|(p6s L

5. QRT-PCRE 0|25t CHAIMIE & QIXIe] mRNA

rulm N

mO

Table 1. HPLC analytical condition for component sugar and molecular weight distribution of crude polysaccharide isolated
from AME and FAME

Analysis Component sugar (A) Molecular weight (B)
Dionex Ultimate 3000 Agilent 1260 Infinity series
HPLC system . . . .
(Dionex, Idstein, Germany) (Agilent Technologies Co., Ltd., Palo Alto, CA, USA)
YMC-Triart C18 Superdex 75 Increase 10/300 GL
Column )
(YMC Co., Ltd., Kyoto, Japan) (Cytiva, Marlborough, MA)
Column size 250%4.6 mm, 5 um 300x10 mm, 8.6 um
Column temperature 30C Room temperature (RT)
Flow rate 1.0 mL/min 0.5 mL/min
0.1 M sodium phosphate buffer (pH 6.7):Acetonitrile )
Eluent 50 mM ammonium formate
82:18
Injection volume 20 pL 20 uL
UV/Vis Detector Refractive Index Detector (RID)
Detector

(Dionex, Idstein, Germany)

Chromeleon 7

(Agilent Technologies, Palo Alto, CA, USA)

Integrator Agilent Chemstation
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Table 2. The primer sequence of the mouse for qRT-PCR

gl maEbjo] QEAY] SAlME B ThR 21

Genes Primer Primer sequence (5’—3") Accession number
Forward GGTGAAGGGACTGAGCTGTT
iNOS NM 010927.4
Reverse ACGTTCTCCGTTCTCTTGCAG -
Forward CCCACGTCGTAGCAAACCA
TNF-a NM_013693.3
Reverse CTTTGAGATCCATGCCGTTGG -
Forward CTGCATCTGCCCTAAGGTCT
MCP-1 NM 011333.3
Reverse AGTGCTTGAGGTGGTTGTGG -
Forward TCACAGAGGATACCACTCCC
IL-6 NM_031168.2
Reverse GAATTGCCATTGCACAACTCTT N
Forward TGAGTACCGCAAACGCTTCT
COX-2 NM_011198.4
Reverse CAGCCATTTCCTTCTCTCCTGT -
Forward GGGTCCCAGCTTAGGTTCATC
GAPDH NM_001289726.1
Reverse CCAATACGGCCAAATCCGTTC -

cJun; Cell signaling, Denvers, MA, USAYS A g|5}o] 12A|7F
ol ukgA|A ) B-So] By 3 2%} 314 (Alexa Fluor 488
anti-rabbit IgG; Cell signaling)E *g|olo] AoA 70& &
oF BHSA]Z] T cover slipS E-2]5Fo] DAPI(4,6-diamidino-2-
phenylindole; Thermo Fisher Scientific, Waltham, MA, USA)S
slide glassol] 7] A2]gh oh FedA | (IX73; Olympus,
Waltham, MA, USA)E ©]-85}0] A|Z9] HEjE Stoz
Falsict.

7. SHANzZ|
HE A2 33] HHEsto] BASIGl o, A= Hu+it
Z 1 X}(standard deviation, SD)& LFER 21T} RAW264.79] O
AAE A2 B4 U 947 SRS SPSS V26(SPSS Inc.,
Chicago, IL, USA)S ©]-85t Student’s t-test2 A At5la] zkz¢
p<0.05, p<0.01 & p<0.001 o4 84S AZsHct &
& Amo S BY F AR 240 49, 40 £l
d B7HE 915l ANOVAE AAlsto] 7+ S44k 719 794
< Duncan's multiple range test2 p<0.05 $FoA A4S
SoriH
Zn} ol nE
1. &7|-ZAEHI0|2E|AQ| CHAIM|Z X|= &M H|mEI}
2 A4 o] &H A [ RAW 264.7 AN L
£ AU FRHY ATE £, AR5
Aol gt Wofut ATE Yot AR LA Aot
(Yu 5 2012). =35t ﬂﬂg}g}ﬂ AN E = T4 283 3
THFeE Ao EFRRITF AETIRIS] HH|ZHE-S Sl 29

EAREE £FE HS5 HIAAE A3 Son 5
2022). & Ao A= AR A= S
o] WA, RAW 264.7 A|EF0] T3t 7] A55ZE(AME)

U 7] EAEH| QEAFAME] GHAE B Bl
B7lslelet. WA, Fig 240 A2 HPjol] T RAW 2647
ARFe] AEEH B7HE Gehleh §7] 955EE 2 Y

7]-EAEHO| Q Bl AL 5100 ug/mLo] FToA&= NC tjz
o TH] 80% o] Al FEES UERIC =N, A= A7
o ME NE=HE UHUA %= AR ZRIFHJAT

(Lépez-Garcia 5 2014). 0]_,— AN E A5t Fa Qlzfel
NO, TNF-a, MCP- St WA, o

AANA R=- 1 gk A o] E4E g#X NOY
%‘*é%—% B71%t A3HFig. 2B), ¥ 2= o8 LPS
AT 1 ngmle] =4 NC th27-5.6 uM) thH] 74.6
uM(eF 1338 S7h9] 52 eI, AME= 503
100 pg/mLo] HEo A 1477 33.7 pM2.62} 6.08] Z7H9]
SE-2EA B5S HEt Y, FAME= 100 ug/mL
o] FEoATE 8.5 uM(L5H) S7hH2] BA5S e i

%3}, TNF-a, MCP-1 2 IL-6 A3/ A & (Fig. 2C~Fig. 2E),
AME: 507} 100 pg/mL2] 3555 9] of| 4] FAMEOﬂ H|5l B4
o7 2235k TNF- a Z MCP-1 JAA5L JeFHS Hrl o}
Yzt IL-69] 73-9-°ll %= 100 ng/mLe] lEEOW FAMEX T} 5
AHo= {o5t BA5o] ERl=gIrh AME 9 FAMEZ! o
AN A= B4 Bt 23, AMEZL FAME] H]3] &
AXOC R 4% U S4S B ol g4F2
o= &5, SR olE ¥ fHT 59 A4 =4
W g 2ol EAE ] Qlof, LEA AFY] =4o] of
AN d3to] YEAR ZHERth= ofe] A9 B
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Fig. 2. Macrophage stimulating activity of AME and FAME. RAW 264.7 cells were treated with AME and FAME for
24 hr, and evaluated cytotoxicity effect (A), and production of nitric oxide (B), TNF-a (C), MCP-1 (D), and IL-6 (E). Results
are expressed as meantS.D. of three independent tests in triplicate. Different asterisks on the column indicate significant
differences between negative control (NC) and each group by Student’s r-test. The crosshatch patterns expressed significant

differences between samples within the same concentrations.

“p<0.05, " p<0.01, " p<0.001.

lipopolysaccharide (1 pg/mL); positive control, AME; hot-water extracts from AM, FAME; AM-postbiotics.

NC; negative control, LPS;
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(Hwang & Shin 2008; Lee H 2012)Z F-¥], % =

7} Wegstel] Wele T es Row +7g§ % ASie
wheha, W3k 7] AMES} FAMES] A¥A} B9S AA s
3 184 B 574717 $Istel, 7
Hedon nEA BANS BT 4 Qi Ao 1
%4 AAH(shin 5 202)0% ZriFHR S LT 5
AZ A3 24e A5t

2. &I|-ZAEHI0|2EA ROt 2129| Of
M HlmEI}
ArHA o2 P 3
< FE IEAR] tEF e S-S 29kt
o] et ILEAEE-L HAAIE &3] HoiTl
AL UeHKim 5 2010). wEhA, & Ao A=
Y4FEE(AME)T AMES]| | 4kt HaA
B7)-ZAEHO| QEAFAME)] A4 4TS
oz ZYstr] f&) =4 JAHLE ol-8sto] =of
(AME-CP?} FAME-CPy2 #2131 & t 44|12 &35 %
SktE WA AlmA Eof gigt A=A B7HE 24T
(Fig. 3A), 1~50 pg/mlLo] FTo Al NC tiZ- tB] A|3E 4
£0] 80% o]l A2 EEC|N, BHE AR RE 0501]
A 23512 NC ti23- tjH] A= |3t tfAlA| x50
FA5S FAT 5 UATH o] HANE 452 T4
2-& 57k NO 3 Hfet cytokine 49} o4 HH2HES
S| A FdFE A= ALeE HAEHI Qlo|(Yu &
2012), 37] 943£83 §7|- T AEHO|QEIARZRE B
e 2o gE2 WY A2 ST = A 84
stof] 71y 4= U AL E HWHEHUT HANEZ dut
TREo] Qe A& F HA, NO9| B2 =Rlet 23t
(Fig. 3B), AME-CP+ 1~50 pg/mL2] 504 NC gjZ- tiy]
32.9~39.5 uM(1.1~1.38] Z7hH°] FAS-S H T FAME-CP:=
352~43.5 pM(SF 1.2~1.58) Z7hHE §ojH 02 AME-CP}
AR NO /352 HEth 184 TNF-a2} MCP-12] 4§
35 (Fig. 3C, Fig. 3D)O| A= NO ZA3}e} &2], FAME-CP7}
AME-CPo|| 8|3} ZZF NC T 23 thH] 478.4~1,412.0 pg/mL
(4.7~149) 9 677.4~1,988.9 pg/mL(1.4~4.080)9] §-ojxo=
T8t 5= UERH B3, golu 2214l 9ls)
g0l A EHA HANHE SAIE B3 55 ol
71ofsh= 1L-69] 345 ZINFig. 3E)°1A=, AME-CP7}
1~50 pg/mL RE oA NC tiZ(90.2 pg/mL) iy
100.0 pg/ml(1.118] F7h =9 FF5= Hetd HHd,
FAME-CP= 1~10 ng/mL7}Al = AME-CP2} F-ARRH A5
RO W, 50 ug/mLof| A= NC t- thH] 284.1 pg/mL
(3.154] Z7H&E AME-CPHT} 5AH 07 943t IL-6 A4

>
=
H
>
1

)
i

K rlo

¥ o
o

-,

my of
O:NEOEJ&J%%O‘H

41
El

<
o

ﬁn&

P

RN Fr oo N

gl maEbjo] QEAY] SAlME B ThR 23

52 YERT Kim 5(2018)9] AolAf Hejo] Ak %
Abt 59 A2 &9l daso] dojdl 2ohg 2lFo] 9
FHANE A5 E8E dHehllthe Bile 2 A7aet
FARIEET, ol RS 53 24 A2 WP tiAA
E 2glo] 9T F= AR SHdEt d2HeR,
4 HHZ 53 Oé% AMECP‘— AME-CPo] ®]3]| &= vt

olL wHolA EAZ R S50t AN E A5 BES
Efui Q= TE7E o 4] li 29t 24 Wsks 2935
of WS A AR F450] &MEH}OIQEJA
9 A 9 2rid G 2419 AHIH

o]t 4% 2 TAY RAE

¢

ol

2 #dHo], 2049
st
3. 87| ZAEHI0|2E|A OIS &2o| MR U 74
g 24
AME—CPQ‘r FAME-CPO] 3H75 o] = 7448 &4 23t
+ Table 30| Uetiglct. AME-CP9| 7¢ol= F/4F0l
87.8%§ FAEOIIL ARG 11.4% FFE o, T

0.5%)} & E2H=(0.3%)> 2F TF=o] ASIH ehH,
FAME-CP9] #AR-0&= EA4Y 744%% AT 18.6%=
AME-CP} 9-0]H 07 2 ZJo|E Ho|Ax groL) 24
2 HastiA AdEo] S7kekela, el d ) F S
< 47% A 23%=E F71E] 0] o]2|et =] Wk A
w2 182 s 9 fANE AR R R E 7|95t o R
QI8 4= 919t 31H, HPLCE o] &3t A £4(Table
3)9] ZF}of|A|, HA AME-CP+= glucose(Gle)7} 83.1%&E F
TAGIS &5+, 1 9 galacturonic acid(GalA, 7.1%),
galactose(Gal, 3.2%) L arabinose(Ara, 3.0%) A% $H7-EF o]
glucan-type®] THFF7F &2 EX5t= AR EIHITh
I8y HYEAo] £Z%E FAME-CP:= mannose(Man)7}
44.0%2 F FAAZTYS P 1 ox Gle(19.3%), Gal
(11.6%), GalA(10.2%) 2 Ara(7.4%)7} S50 H]utg 337
Zofgaie g2 b

REE ehio] S4H70] UE &
R HilkE _%EH?_]' 202 3QI%| ]t} Shahrajabian S
(2019)9] AFoA= &7 tgdFol= starch, inulin L
cellulose S T}oFst &yt Basicty a4 Qlay), B

AF+Axet Hidio] & uf, AME-CP] &2 Glcd] g2
starch & cellulose 52 &1t = ]ﬂ— 227 g9l 9] o
F7F EXEsh= AR ?@H‘”E‘r 3HH, FAME-CPE= Gle @
A 745 Mane] 2718 H1T & YO, ol 2zt
= A S SANE Lactobacillus sakei X Leuconostoc
mesenteroides®] 53t EtY Q] tHFHE =ofote] =L of

AMFEO] AL S L5t A0 HOlth Kim 5(2022b)2)
ATtof| w2 W, [SAYF F Lactobacillus spp. H Leuconostoc
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Fig. 3. Macrophage stimulating activity of crude polysaccharide isolated from AME and FAME. RAW 264.7 cells were
treated with crude polysaccharide isolated from AME and FAME for 24 hr, and evaluated cytotoxicity effect (A), and
production of nitric oxide (B), TNF-a (C), MCP-1 (D), and IL-6 (E). Results are expressed as meantS.D. of three independent
tests in triplicate. Different asterisks on the column indicate significant differences between negative control (NC) and each
group by Student’s #-test. The crosshatch patterns expressed significant differences between samples within the same
#p<0.01, **»<0.001. NC; negative control, LPS; lipopolysaccharide (1 pg/mL); positive control,
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Table 3. Chemical property and component sugar of
crude polysaccharide isolated from AME and FAME

Crude polysaccharide

Chemical property

AME-CP FAME-CP
Neutral sugar (%) 87.8+1.3" 74.440.6
Uronic acid (%) 11.4+0.3° 18.6+0.3°

Protein (%) 0.5+0.1° 4.7+0.4°
Polyphenol (%) 0.3+0.1° 2.30.3¢

Monosaccharide Component sugar (mol %)
Mannose 0.8+0.0 44.2+0.1
Rhamnose 1.2+0.0 2.310.0
Glucuronic acid 1.440.0 2.540.1
Galacturonic acid 7.1x0.0 10.2+0.3
Glucose 83.1+0.0 19.340.1
Galactose 3.2+0.0 11.6+0.1
Xylose 0.240.0 1.1+0.1
Arabinose 3.0+0.0 7.4+0.0
Fucose 0.1+0.0 1.540.0

Y Means with different small letters in the same column are
significantly different between groups at p<0.05 level through
one-way ANOVA followed by Duncan’s multiple range test.

spp. 52 #57F HE G4 Gleg Eallote] 22 thA
ARES A/3gthal Balsto] o] & HeHdstal glor, Eaf
sto] AEA A/dE mannan BFQ) O] thAREO] tHAA I &
A3 a0 R ok A0 Gt g, A
fAbto] RS B AFHor thgRo] WshE #olst
£A9Y ofF= 3 FAME-CPY| AN Z &4 T i
TFFST open chromatography 5-2] W< &l FAIsto] 57
gt & A fARE AP Ol Y] S Hre ot

A g,

=

4. E7|- ZAEHIO|QEIA XCiE &lR0| 2Xj2 2E
AME-CP?} FAME-CP9] Ex}gF EnZ 3lolsly] 93|

HPSECE ©]§35to] £4%t A3, AME-CPO] A B2
0.2, 0.4, 106.6 kDa2] &3 o] A =|o] Q= Ao| &l= vt
™, FAME-CP:= 0.2, 0.4, 113.4 kDa2] £ o] ZAjE|o] 9=
Ao 2 3oIE|9thFig. 4). AME-CPS} H|15}0o] FAME-CP:
0.2~0.4 kDa9] E4o| 34 A" AL AT & A&
ol fAFY LA E B9l 0.2~04 kDa2] &2 o] Eof=]o]
A2 RS BAAS FEdhe 202 FESIH. of
23t BARF BRATE Y At A SFEW, &
At BEE F2 ARAE 445k e GleZt Mang 7

gl maEbjo] QEAY] SAlME B ThR 25
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Fig. 4. Molecular weight distribution chromatogram of
crude polysaccharide isolated from AME and FAME.

2 FAYOR WA AR AHS ek, ol
3 Man9] 5 749 chRE AR G4t 7lelshe
Ao 2AH9T F olejet BE 50 thd 44 L 9
5} 5 2 ol5o] THAMIE BAsle] 7lofsks 7o) Tl
£ 27 477 WAy A WoEL, FAMECP7 9]
A3 84S Uehhs AokEAEm oA 220 &
89 4L ANT & 9lgol =YL

5. &7|-ZAEHI0|2EA XCHE 220]| Qs CHAMIE
B3t QIXIO| RHAL YRR

F7]-EAEHO| QE A 2T}
Q1291 NO, TNF-a, MCP-1 ¥ 1L-62] A%5S |
Zogd g2o] v|g) gtz og s AL golstth
FAME-CPS] HANE &4 =49 & oE 99
FAME-CP Azof] m& &/ds}t <IAe] mRNA e
qRT-PCR ©]-&5to] FAISHQITH(Fig. 5). WA, NO 4§
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Hodst= £33t 849 inducible nitric oxide synthase(iNOS)
9] mRNA {72} @ =Fo| 4| FAME-CP= 1~50 ng/mLe] &
T H oA NC 2 tiH] 119.4~1,209.581 9] -] & 2]
Q1 mRNA &9 F7HE SRIT 4= A UTH TNF-a2] mRNA
SFHTFE FAME-CP A2 A] 52 55 9904 NC 27
] 7.9-45.1819] 5 E-0]EH 02 mRNA THFS F7HA
ZAth E3H MCP-1 € IL-62] mRNA ZHdZE NC )&+ o
H] 1~50 pg/mlLe] 5= FoA= 5E-9&F 0 =F 1.3~33.5
8] 2 602.2~1,787.281 9] mRNA ¥EZFo] 2715 =T
3HH, prostaglandin E29} -2 A wj 7|A|E AJAloto] HY
A4S FE5= cyclooxygenase-2(COX-2)= NC Tz o
H] 1~50 pg/mLe] % M4 645.7~1,046.381 9] F=-9
Z4 Q1 mRNA HAF] S7H5 Yetilleh ol#e =5
B, FAME-CPi= TN I &/J3} 7 QIAHE9] mRNAS] &
AR BT F7HE FEoto] AlE = £H[E= thAA2
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7] sty diE:AQJA fAHE &3St 7|29 NFxkB 2
mitogen activated protein kinase(MAPK)2] ZHA]slS ol g
H2 o]8sto] 89toZ EA5IYtHKim S 2018). NF- kB
AT AY ZZ+= NF-kB subunitQ] p659] AASHS F-LE510]
IkBa2] QlAkekel BollE F-Lotal QIANSHE p6s= 3 &
o]=35l= Ao E UHA th(Janssen-Heininger S 2000). F
SF, MAPKS] ZAFRIALQI activator protein-1(AP-1) & cJun
AN ZF A== o] @3 REEH A= ) 14k
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Fig. 5. Effect of FAME-CP on macrophage stimulating factors-mRNA gene expression in RAW 264.7 cells. RAW 264.7
cells were treated with FAME-CP for 24 hr and evaluated mRNA gene expression of iNOS (A), TNF-a (B), MCP-1 (C),
IL-6 (D), and COX-2 (E). Results are expressed as meantS.D. of three independent tests in triplicate. Different asterisks
on the column indicate significant differences between negative control (NC) and each group by Student’s #-test. “p<0.03,

sk

“p<0.01,
crude polysaccharide.

p<0.001. NC; negative control, LPS; lipopolysaccharide (1 pg/mL); positive control, FAME; AM-postbiotics, CP;



Vol. 37, No. 1(2024)

p65 Nuclear
FITC DAPI Merge

20pm

NC

LPS

FAME-CP
(50 pg/mL)

P7)-mrEnolQEn0] thAE B TR 27
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Fig. 6. Effect of FAME-CP on nuclear translocation of activated p65 and cJun in RAW 264.7 cells. RAW 264.7 cells
were seeded into 0.1% gelatin-coated coverslip and then treated with FAME-CP for 3 hr. RAW 264.7 cells were fixed and
immunostained with FITC conjugated anti-p65 and anti-cJun antibody and the nucleus was counterstained with DAPI. NC;

negative control, LPS; lipopolysaccharide (1 pg/mL); positive control, FAME; AM-postbiotics, CP; crude polysaccharide.

Sh= Ao IEA UAtH(Choo & 2017). WA, o]2(7t 7]
Zko] o o HE §Rto & AR}, RAW 264.7 A X5
ol FAME-CPE A 2|3t & p65 & cJun2] & W=2] o] o
B2 Zelstelt. HA, S/dtR NCo|A= FITC-HEA|H
p65 % clun(merze; =4 AELo] i 2Afsiol o
(merge; F2W)7} AUt AL FRet AL P 5
AR o, FAHETQ! LPS Aol A= p65 2 cJuno] Al
A9 EAsHE NCefl HIsf p65 X cluno] 3 Wi(merge;
SR o]Fsto] dt NExAL] HAZ ERYHA= A
Ho]:qlchFig. 6). $HH, FAME-CP2] A 2|= LPS X |+
FAFSHA FITC-HA|E p65 & cluno] & WYj(merge; 2=
)E Holgof wet NC thzto] Hls) |zt A2 34
EREGR 2S ERlT 4= Sl o] Z-& Z¥= Son
5(2022)9] AFoA Alm ol o3 B/HIEHUS
RAW 264.7 A|ZF= AZAA 3 W& HARIAZF A o]
He AZ ZRIT 5= Ao, o|et FASHA FAME-CP9]
Agof o5 H 2 HARIZZ} o] Fshes AE IRl &
UATE. RAW 264.7 A| Z5= /3] A] -2 AEfoll A p65=
Alzzdo] EA5taL A5 Aol ofs E/d3E N2 kBa
EHE FE5HL p65E A H=E HoJA7]= Zo=E gy
of(Park 5 2019), tHAA|3Zo] 4] FAME-CP 2] ofsf A3
oA p65 & chun?] AAHE, S NF-kB ¥ MAPKS] 14F
3t S AA HEHOE HARIAL p65 E cluno] 3 =
o] 55tz ALE FAEI SFA 2 =4 AAIS A
o} Zo] & Hjoll A mRNAS] &S F L (Fig. 5)51aL °]& Al
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RN

% 9z Busl= oz FEgonFig 3), FF,
immunoblottingS ©]-8-5F0] p65 B cJun®] translocationo] T
3t 23+ 9J=5}1 2 NF-kB @ MAPK A= 9] QlAlslE &
A5taA} st Ao 2, AN E HHO| Qe TiE Q4]
=84 (pattern recognition receptor)2] F-Fof we} v G
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Q0 W #=

HAX= SAZA &7 (4stragalus membranaceus; AM)2)
U A 1 HG FOLLA, AMORIE] B3 ERAMD)

AA -4 (Lactobacillus  sakei X Leuconostoc
mesenteroidesyS [ZE5t1 LBA|A F7]-EAEHO]QEA
FAMBE ZASIS). 7] ErEologas zA
FAME+= BT R-g7]o] 3] thalA| L A= Lido] i
A oy, F4 JHomRY HEIH ZohdF(crude
polysaccharide; CP) FAME-CP+= AME-CP9] H|3]] &4Jo] 3
A FAE Tt EFE, FAME-CP= AME-CP2} H] W 3f& uf,
AT 9 BAY BEoN 34 WsE mglos,
FAME-CPX= Man(44.2%), Gle(19.3%), Gal(10.2%), GalA(10.2%)
9 Ara(74%)2 TATO 2 SOBHE 1134 kDao] 2Q B3}
g 2re R GAME A2840] Z5FE FAME-
CP= TA A &} 243} Q1ZKINOS, TNF-a, MCP-1, IL-6
4 COX-2)2] mRNA TAFS F7HA S &5t ofye}, &4



28 9% - Al

e

shel poseh chnd] # Y2o] A9 SEsIch AEH0
2, S4EoR waE Prl-mAsulologAREE 24
g 2ohg PRe uLa-g] Zohg P u)s) welxT
F4o] A58 7154 BARA AUH 48 AL £

& 98 Tl
ZHAe| 2

=22 20239 WSRO fUoR AT
A RE ot =Pd AAA -t G719 A G4l AL
ZAYYth2021RIS-001; TZ A EH),

References

Bae HK. 2021. Bioactive characteristics of the Astragalus
membranaceus ethanol & bioconversion extracts as functional
cosmetic materials. J Korean Appl Sci Technol 38: 1265-
1272

Blumenkrantz N, Asboe-Hansen G. 1973. New method for
quantitative determination of uronic acids. Anal Biochem
54:484-489

Bradford MM. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem 72:248-254

Chang BY, Han JH, Cha BS, Ann SH, Kim SY. 2015.
Optimization of culture condition for enhancing the
probiotics functions. J Food Hyg Saf 30:295-301

Choo SB, Yang H, Jeong DY, Jeong SY, Ryu MS, Oh KH, Yoo
YC. 2017. Immunomodulating effect of extract of
cheonggukjang fermented with Bacillus amyloliquefaciens
(SRCM100730) on RAW 264.7 macrophages. J Korean Soc
Food Sci Nutr 46:1300-1307

Cuevas-Gonzalez PF, Liceaga AM, Aguilar-Toala JE. 2020.
Postbiotics and  paraprobiotics:  From
applications. Food Res Int 136:109502

DuBois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. 1956.
Colorimetric method for determination of sugars and related
substances. Anal Chem 28:350-356

Ha JH, Jeong MH, Seo YC, Choi WY, Kim JS, Kim HH, Ahn
JH, Lee HY. 2010. Enhancement of antioxidant activities of

concepts  to

bark of Berberis koreana Palibin by lactic acid fermentation.
Korean J Med Crop Sci 18:421-428

Honda S, Akao E, Suzuki S, Okuda M, Kakehi K, Nakamura
J. 1989. High-performance liquid chromatography of

d - A - SR2A] - AR - AR - g A=A EIYeEA

reducing carbohydrates as strongly ultraviolet-absorbing and
electrochemically sensitive 1-phenyl-3-methyl5-pyrazolone
derivatives. Anal Biochem 180:351-357

Hwang YC, Shin KS. 2008. Characterization of immuno-
stimulating polysaccharides isolated from Korean persimmon
vinegar. Korean J Food Sci Technol 40:220-227

Janssen-Heininger YMW, Poynter ME, Baeuerle PA. 2000.
Recent advances towards understanding redox mechanisms
in the activation of nuclear factor kB. Free Radic Biol Med
28:1317-1327

Jeong BS, Kim SH, Kim HP. 2017. Effect of fermented Cirsium
Japonicum extract on testosterone deficiency syndrome. J
Korean Soc Food Sci Nutr 46:790-800

Kang SE, Kim MJ, Kim TW. 2019. Diversity and role of yeast
on kimchi fermentation. J Korean Soc Food Cult 34:
201-207

Kim BH, Jeong SJ, Jang JO, Lee JH, Park YE, Kim JG, Kwon
GS, Hwang HS, Lee JB. 2019. Increased antioxidative
activity of fermented Ligusticum striatum Makino ethanol
extract by bioconversion using Lactobacillus plantarum
BHN-LAB 129. J Life Sci 29:846-853

Kim BY, Park SS. 2021. The concepts and applications of
postbiotics for the development of health functional food
product. Curr Top Lact Acid Bact Probiotics 7:14-22

Kim DH, Kwon SK, Han KD, Ji IB. 2021. Analysis of
consumers’ characteristic factors affecting the intake of
health functional food. Korean J Food Mark Econ 38:23-42

Kim G, Shin HY, Jeong SB, Ha EJ, Jeong EJ, Shin JY, Yu KW.
2022a. Enhanced macrophage stimulatory activities of
extracts from kimchi lactic acid bacteria-fermented mixed
herbal medicines. Korean J Food Nutr 35:399-410

Kim GS, Yang KH, Kim HK, Kim JE, Yun HN, Yu JW, Kim
BS. 2022b. Antioxidant and immunomodulatory effect of
lactic acid bacteria fermented barley sprout hot water
extract. J Korean Soc Food Sci Nutr 51:1027-1035

Kim H, Suh HJ, Shin JY, Hwang JH, Yu KW. 2016.
Physiological activity of roasted coffee prepared from
fermented green coffee bean with Monascus ruber
mycelium. Korean J Food Nutr 29:1-11

Kim H, Yoon HS, Jeong JH, Jeong HS, Hwang JH, Yu KW.
2010. Enhancement of immunostimulation by fractionation
of active polysaccharide from fermented ginseng with
Phellinus linteus mycelium in solid culture. Korean J Food
Sci Technol 42:223-232



Vol. 37, No. 1(2024)

Kim H, Kim D, Lee S, Choi J, Lim B. 2023a. Curation service
strategy for health functional food: Focusing on case studies
of customized health functional food in Korea. Serv Mark
J 16:63-78

Kim HW, Jee HS, Shin KS. 2018. Polysaccharide isolated from
fermented barley extract activates macrophages via the
MAPK and NF-kB pathways. Korean J Food Sci Technol
50:555-563

Kim MJ, Lim KR, Jung TK, Yoon KS. 2007. Anti-aging effect
of Astragalus membranaceus root extract. J Soc Cosmet Sci
Korea 33:33-40

Kim Y, Shin H, Kim H, Jeong E, Kim H, Seo M. 2023b.
Anti-inflammatory active polysaccharide from postbiotics of
Cordyceps militaris mycelium-liquid culture. Korean J Food
Nutr 36:6-16

Lee H. 2012. Immuno-stimulating activities of mannose-rich
polysaccharides isolated from Korean black raspberry wine.
Korean J Food Sci Technol 44:343-349

Lee KH, Bong YJ, Lee HA, Kim HY, Park KY. 2016. Probiotic
effects of Lactobacillus plantarum and Leuconostoc
mesenteroides isolated from kimchi. J Korean Soc Food Sci
Nutr 45:12-19

Lee KH, Rhee KH. 2015. Screening of anti-inflammatory herbs
having the activation of MAPK family proteins. Korean J
Food Nutr 28:343-350

Lee MK, Choi GP, Ryu LH, Lee GY, Yu CY, Lee HY. 2004.
Enhanced immune activity and cytotoxicity of Artemisia
capillaris Thunb. extracts against human cell lines. Korean
J Med Crop Sci 12:36-42

Lopez-Garcia J, Lehocky M, Humpolicek P, Sdha P. 2014.
HaCaT keratinocytes response on antimicrobial atelocollagen
substrates: Extent of cytotoxicity, cell viability and
proliferation. J Funct Biomater 5:43-57

Park HR, Lee SJ, Im SB, Shin MS, Choi HJ, Park HY, Shin KS.
2019. Signaling pathway and structural features of
macrophage-activating pectic polysaccharide from Korean
citrus, cheongkyool peels. Int J Biol Macromol 137:657-665

Seo JH, Lee H. 2007. Characteristics and immunomodulating
activity of lactic acid bacteria for the potential probiotics.
Korean J Food Sci Technol 39:681-687

Shahrajabian MH, Sun W, Cheng Q. 2019. A review of

gl maEbjo] QEAY] SAlME B ThR 2

astragalus species as foodstuffs, dietary supplements, a
traditional Chinese medicine and a part of modern
pharmaceutical science. App! Ecol Environ Res 17: 13371-
13382

Shin HY, Kim H, Jeong EJ, Kim HG, Shin JC, Choi SY, Suh
HJ, Moon SK, Yu KW. 2022. Immunostimulatory
polysaccharide fractionated from a liquid culture by
Phellinus linteus Mycelium. J Korean Soc Food Sci Nutr
51:19-27

Shin HY, Kim H, Shin JY, Lee SJ, Yu KW. 2021. The
physiological activity of crude polysaccharide solvent
extracted from herbal medicine mixture. Korean J Food
Nutr 34:36-46

Son SU, Lee SJ, Shin KS. 2022. Immunostimulating and
intracellular signaling pathways mechanism on macrophage
of rhamnogalacturonan-I type polysaccharide purified from
radish leaves. Int J Biol Macromol 217:506-514

Sung SK, Rhee YK, Cho CW, Kim YC, Lee OH, Hong HD.
2013. Physicochemical properties and antioxidative activity
of fermented Rhodiola sachalinensis and Korean red
ginseng mixture by Lactobacillus acidophilus. Korean J
Food Nutr 26:358-365

Tran HNK, Nguyen VT, Han KH, Moon KS, Kim JA, Min BS.
2017. Analysis and stability test of the extracts from
astragali radix, paeoniae radix, and corni fructus for toxicity
study. Korean J Pharmacogn 48:248-254

Tursun X, Zhao Y, Talat Z, Xin X, Tursun A, Abdulla R,
AkberAisa H. 2016. Anti-inflammatory effect of Rosa
rugosa flower extract in lipopolysaccharide-stimulated
RAW 264.7 macrophages. Biomol Ther 24:184-190

Yu AR, Park HY, Choi IW, Park YK, Hong HD, Choi HD. 2012.
Immune enhancing effect of medicinal herb extracts on a
RAW 264.7 macrophage cell line. J Korean Soc Food Sci
Nutr 41:1521-1527

Zheng Y, Ren W, Zhang L, Zhang Y, Liu D, Liu Y. 2020. A
review of the pharmacological action of Astragalus

polysaccharide. Front Pharmacol 11:349

Received 13 December, 2023
Revised 18 January, 2024
Accepted 23 January, 2024



PISSN 1225-4339  eISSN 2287-4992
Korean J. Food Nutr. Vol. 37. No. 1, 030~039 (2024)
https://doi.org/10.9799/ksfan.2024.37.1.030

THE KOREAN JOURNAL OF
PraRAE Y|
FOOD AND NUTRITION

- -" ***’****
0I25| - OIX|3: - YR|R - U™ - "L
3} wpalay SpY, BEdetE AEFekt Adaby sy, CGNhe HEolA,
FRS AEFSY 5, TFFL SSRGS

Analysis of Nutritional Composition and Antioxidant Activity of Black Chestnut by Aging

skesksk skskskok
B

Moon Hee Lee, Ji Su Lee’, Ji Won Yang*, In Beom Kim™ and "Youn-Je Park

Ph.D. Student, Dept. of Applied Biotechnology, Kongju National University, Yesan 32439, Korea
"M.S Student, Dept. of Food Science and Technology, Kongju National University, Yesan 32439, Korea
“CEO, Bammaeul Co., Ltd., Kongju 32590, Korea
™" Professor, Dept. of Food Science and Technology, Kongju National University, Yesan 32439, Korea
" Professor, Dept. of Applied Biotechnology, Kongju National University, Yesan 32439, Korea

Abstract

Black chestnut (BC) was obtained through aging of fresh chestnut (FC) at 80°C for 15 days. Proximate and mineral compositions
along with colors of FC and BC were evaluated. With aging, moisture contents decreased by 50%, whereas sugar contents,
carbohydrate contents, and calories increased. Contents of minerals (Fe, P, Ca, Na, Mg, K) were significantly higher in FC than
in BC, showing an order of Mg < Ca < P < K in both FC and BC. Using a Hunter color system, it was found that lightness
(L), redness (a), and yellowness (b) values of FC were higher than those of BC. Antioxidant and cytotoxic activities of hot water
and ethanol (50, 80, 100%) extracts prepared from FC and BC were evaluated. Extraction yields were lower with FC than with
BC. Among water and ethanol extracts, water extract showed the highest DPPH radical scavenging activity for both FC and BC.
ICsp values for ABTS+ radical scavenging activities increased after aging. Cytotoxicities of FC and BC extracts were similar to each
other. They were different against various cell lines (3T3, HeLa, and Sarcoma-180). These results suggest that BC could be used
as a new processed food using chestnut.

Key words: black chestnut, antioxidant activity, cytotoxic activity, proximate composition, mineral contents

M 2 HENEA A5RhE)e] e ZACE IHA JTHIm RJ 1999).

20229 7|20 2 JF &2 A 3.5%, FAH] 4.3%
Aaotded, ol Wyl Auidd gaet 1gE Hle
Z7}, olAH] A& =07 ol3| v AAEFo] 7HASI 7] o
Fo|t}(Korea Rural Economic Institute 2023). AA| HF AJA=F

TR Sejuetel $3, 4R 5ol BAHE %
2 82 700 m offe] W @A S7h & S wHEG AR

o

—

& Sol} 01 FH Sold AU} QYL 25 B

o7 MRS &), 9 SAE), £ S3HHER), T < AW 44% H AASHL Qlom, ¥F AH|FE YA} 7
A5 X EEF)E EEs o, whro] X, &, 9, 4A5}1l Qlth(Korea Rural Economic Institute 2022). YHFA Q]
AZRL 2 2 AFRSte] Yot dufjel HFe X2 o 7 Hho] AH] gl AdtE o fub 4ke bk = 7S e R
gz of-&sta & 89 ofye}, o= 54, 5, T-dsko] AFSHAL Ath(Seok 5 2019). o] &%t o] = ARt
AE, ALA(E), RAGE) 28 2 A=@H)S =A@ < &4o] 350 o-&st7] o vt i 7 AlEFS
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(Rotary evaporator N-N Series, EYELA, Tokyo, Japan)& ©|-&
ste] G0 ColA 5u s aleich %ol ~s0Co] ¥ of
2 S AZAZX7]|(Freeze dryer, Ilshin Lab Co., Dongducheon,
Korea)g ©]-&5}to] 5 mTorrol| A 72417t 5t 524X &
Az 2L ARZ SS9 2 AR B 22
T A S T U] AT 5E4XE £ 5%

o] Wz Uehyolct.

6. DPPH 2ICI& A5 &3

ZA}-5-o] 5 (electron donating ability, EDA)2 1,1-diphenyl-2-
picrylhydrazyl(DPPH, D9132, Sigma-Aldrich, Missouri, USA)
2t &7 848 ST Yang 5(2012)2] ¥ w2t
Y5199}, Dimethyl sulfoxide(DMSO; 472301-500ML, Sigma-
Aldrich, Missouri, USAYE 0]-8&-3}o] A|2E ¢H35| S3A1Z1
3 0.45 um PVDF ZE](Millex® PVDF syringe filter, Millipore,
Massachusetts, USA)E o] 3}5}o] A %3}t 25, 50, 100, 200
ng/mL HE9] A7 29 20 ploj 180 uLe] 0.1 mM DPPH
|8 7t & 2087 GA A BESAIZ] T2 micro plate
reader(INFINITE 200 PRO, TECAN, Mannedorf, Swizerland)E
o]-g-sto] 517 nmoJ A FFEE S5t ST 4 ol
&sto] ofeje] Ao 93f L AAG (%S A4St

Al

ZF A A=(9 s FEE
DPPH &2 2A% (%) = (1 — Nze =gz 100

7. ABTS'OH| oI5t Eitets] £d

ABTS' TjZF 2752 Jun 5(2014)°] WHOZ FAISHG
t}. 7 mM 2,2 -azinobi-(3-ethylbezothioazoline-6-sulfonic acid(ABTS;
A1888, Sigma-Aldrich, Missouri, USA)2} 2.45 mM potassium
persulfate(379824-5G, A1888, Sigma-Aldrich, Missouri, USA)&
A29] FAA 12A17F B3t WA sto] 2Hr)Edg AAAIZ]
T 734 nmo| A S3FE Zro] 0.70+0.027} F L= phosphate
buffer solution(PBS)C. 2 3]A 35l A3 o] ARESIAL} A&
= DMSOE ol-&sto] &35] §3§A1X1 & 045 pm PVDF 2
Bl2 ojysto] Ago] o] 8sAtt. A& 20 uLojl ABTS AJoF

< 180 L H7Fste] QFAolA 1083F ¥FSAIZ] - micro
plate readerE 0|85} 734 nmof| A SR E =5t o0,
ot Ao oJ&f L £ASS AHET & 50%Y o
AASS RS AIR9] $E(Ch mgmD)E Lehf it

N ANET T3
ABTS+ @z 2A% (%) = (1 — D % 100

8. M=Z=d HIt

UM EZA TpQA HGolA LS 3T3, QU7He] AAF AR
A3 Q1 HeLa, WA S-5QHA| Q] Sarcoma-180< ©]-8-5}0f
MTT[3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assayS A]YolFTt 4 WHH-2 An 5(2012)9] ¥
HS Wgsto] AXBHATE AEEE 96 well plateo] 5x10*
cellymLE EF3F & 5% CO,, 37 COA 24X]7F 53T Bl Fsto
FHo| FRAFTE B A2 AlRE FEEQ2S5, 5, 10
mg/mL)= A 2|5to] 48A17F 57t BREAIXT ohE Z2E] wello]]
5 mg/mL MTT-8-(M2128-1G, Sigma-Aldrich, Missouri, USA) 10
ULE F7kste] 3A17F 59F WA T AT HS AARE T
DMSO 50 pLE A71ste] & 591 th3 micro plate readers ©]
|5t 595 nmel| A SBEE S5HAH S8% SBEE °f
&5to] off] A)of sl AlE AHEE(%)S ALSHAT

AENEE (%) = * 100

Xz
o

vy

=2u

FHAH(mean+SD)=  FEA|SFATH
A Ao] et FARAE

0.05914 S&AMdE AASIAL, SRARI 4 Student
testS AA5F0] p<0.05, p<0.01, p<0.0018 7|51, S5
Ato] 712t Aspin-Welch t-testS A A|510] {94 0.05
oA FF AYLE o4& ERIsH3ith. DPPH, ABTS 4

il

M2z =A4Jof ofgt Zi}= SPSS(Statistical Package for the
Social Science, SPSS Inc., Chicago, IL, USA) version 27 =71
Hog EAsla, A3t Bt Aol one-way ANOVA
Z 79942 913t & Duncan's multiple range testgE ©|-&5}
o) A1 UK p005 oA 5218 Holslelnt

2 Suko] AMPIES BARE Ak, ANlA SHte.
O

=
2 WsletA geshe AR 100 g9 26.23 gof| A 57.97
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gO & oF 2dff F7I5FA AL, B T 100 gF 4.77 gollA]
29.63 gO 2 OF 6.18] =715} tH(Table 1). © =y Z
I F £ 2roA SA7I7HS AXE Bt 84 HH3o|
ofsto] GR7F S7He AL & Holw, o]} e A= &
9] g ko] LU= 231%, =4 1593} =
11.13%2 &TE &/d5ts &< S o] oF 4.84)
571 Kim 5(2017)9] 2%} FAFSHITE E3F -1 o
= 24} 7i7bo] ZHARt Wi FA| ofE] IR 100 g 110.30
kealo] Al 240.10 kcal©.2 28} 7}F Z7}6l9i=d), ol S8
dgo] HWto g FolEWA Uehd 4o R weHErh

m 5-(2015)9] Aol 9ot Sus9] A9 & ko]

S4 F 128 gashglel, 3] S8 Yol 4 B
oA 74t AT XSk SR SR} Kol 2T

WAL AT Sol A R 2l AolE YerA] o=
H, 2A2 L5H] S715kET, vhee] A% 23w 11
oY, 22 128, A2 2.2407F F71ste] <4dol o)
A Aol 23 B 2EMEG I HelEE A% f
ARSHAl WERETE 2y, vhsR ke He Wet e o
2 AA degeH, ol Ale B w4 279 Aolof ot
Aog weE

2. 27|0|1=2

At} SHEe] 7)ol FgE AR A= Table 20
eI AR 9 SREe] K 2 1,745.29 mgll 9
586.87 mg/L&E H-AJ3t 7]

o F 7V e TS teh
QI Mg<Ca<P 02 &2 FE Uehhgich Massantini
F)Y ATOAE B9 2702 B Kol g e &

Table 1. Proximate composition and dietary fiber of fresh
chestnut and black chestnut

A ke 24 33

Uebio] 2 Aot AAISHF AL, Jeong 5(2012)% O]
o] & Ko| 7FF &1L, Ca<Mg<P =02 &7 YEh
2}t FARSHT: et SHFo] 7)o T Zn
Al Jstar it w9 A S =AUt Jeon 52016y
85TCo A 43 SETZ AR F F7)o|2 FqFZ &%
St A3} Fe, P, Ca, Na, Mg, K9] &&fo] &= ZF451%1 31, o]
L E3te] 24Tl o] wALte, Trjo| o] &
EEo] et dAo|gtal sttt B Ao st
o] F7Iol& g ATt 4 5 o7 Fho UE F
710l €&l gt Ao = woEH

N, o

Mr 4o o

S

L

_l

3. Mz

e 9l S5e] AIe= Table 30 LERU AT Ahe] B
(L= 6581000, 574 & SH=2 30.112 S F] oF 2
ol WopHon, Ak (a)= AN 3.000014 S 2112 F7F
ZolEg9ot S9AQl Aol At FME (b= At
247900141 =/ & SR 2.660.2 oF oufj 71 Eol5o] 7MY
2 WSS YERW 1Tt Bedmitek 5(2021)°1 2J5Hd, 7714]
e 4% S B Pk 83.95004 18112 4.6
v Solxy, i FA Eb 22.030|1 4] 4.69% 4.78 A4St
Aok 98 AT &4 T SO MeE A5 AL
M= 98 A7 P 7089010, &4 F 254782 &
oFFAl AMEE -79601A4 6712 Fobdl Wiy P L=
3839004 &4 & 16.152 A5 tHLee & Kim 2020). ©]
o g2 ANE & o $4 $740] HFE 4FM A=
HSE W7, 53] Bk 2 FAES] et & IF

_IIOI'

Table 2. Mineral content of fresh chestnut and black
chestnut

Sample (ppm)

Mineral
) Sample (%) Fresh chestnut Black chestnut

Nutrient =02
Fresh chestnut Black chestnut Mg 412.19+11.68 202.20+0.38
Crude protein 3.03+0.06" 2.90:0.10 Al 63.91+2.00™" 7.61+0.06
Crude lipid 0.57+0.12" 0.90+0.10 Cu 7.35+0.73" 0.06+0.07
Crude ash 0.97+0.06 0.87+0.06 Fe 56.73+1.15™" 33.31+0.05
Carbohydrate 26.2340.06™" 57.97+0.32 Na 127.4142.54™ 104.64+0.96
Sugar 4.77+0.15™ 29.63+0.31 P 752.49+14.17" 267.52+0.66
Dietary fiber 5.93+0.15 5.700.10 Zn 6.26+0.29 7.1420.04
Moisture 69.200.00™ 37.3740.32 Ca 482.96+15.01" 245.01+0.28
Calorie (kcal/100 g) 110.30+£1.06™ 240.10:£1.04 K 1,745.29+41.45™ 586.87+3.70

Y Mean£S.D. (n=3).
2 Means with star markers are significantly different between fresh
chestnut and black chestnut by student’s rtest (p<0.05,

Fxk

<0.001).

Y MeantS.D. (n=3).
? Means with star markers are significantly different between fresh
chestnut and black chestnut by student’s r-test (‘(p<0.05, “p<0.01,

Fkk

"p<0.001).
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Table 3. Colorimetric characteristics of fresh chestnut and
black chestnut

Hunter’s color value"

Sample
P L a b
Fresh chestnut 65.81£0.5772  3.00+1.30 24.79+2.25™
Black chestnut 30.11+0.63 2.11+0.56 2.66+0.10

D Values are means+S.D. (n=3). L, lightness; a, redness; b, yellowness.

9 Means with star markers are significantly different between fresh
chestnut and black chestnut by student’s rtest (“p<0.01,
™ p<0.001).

© AR Hldh vEE 7HEAECA 2 A
HH-E-, maillard §H3- 50 2]sto] dojut=t], Ste] 2w
20 AA2of 3f £/ = = < a-amino group®] T
Hh85ko] v &4 02 ZHE L maillard ¥HS0] Tolg
O & WHETK(Kim 5 2018).

woEorlo 2 o
-

Em Mﬂ, 100% ofj&t %ﬁ% 645%= A8 5 F A=
=2 &2 UESl T AELL SAZCE ot &
ol= 3let. 4t Eﬁ} 80% OfgtZ< o]-&5t] FE5IUS
o 1830%% 7F =2 &2 YE I th(Fig 1). £ A%
I S5Ol & £E&2 B FF NN 47 5.33%, 11.76%
2 SHbo] 2214 &9k, 50% oeHE & RAoA = 742t
4.50%, 12.30%% S4ro] 27348 &=9kom, 100% of|ehe =
ZANA 247} 6.45%, 12.30%= SHbo] 1.91H] &2 3

2 ZAEo], BE & 81 oA AtET 4 & 5
"] & 80| F7Fsklth Purev 5(2012)] ?i?LOME
Aubsit SuksS %Ii% g 2 9 S5 Al T2
TEZ ST 2 F5 2400 et 1.39~13.018]714] A3
et S48 Svks9] £&°] F7ekloh B3t Kim 5
2017y S-&19] 40| 2P et 74 1P ES
ko] S7HE =T, ol &4 T AAIKY dAYE Bl
&7 Y i}@r%ﬂ T2 S doA JE &Eo] &old
F7] YRl A& HUSITE 2 A oAk SRSl %4
}g F AYRE st E8A JES0] 7HE8= o] A4t
Hrop SHFo] & $g0] 715 208 wuH

St & FE2E7 100% oghE 252 H|WotAS o
At SHFe] & 5 82 47 5.33%, 11.76%3 24,
100% OEre & 82 ZH 6.45%, 12.30%% YEY &
Hot ogrE9] i% 80| 2 AS & 4 Sl%lth Nam &

(o]

(2014 % Qu|X &5t &39S

Oll [ o) [u.[)]'

m{n

o

m{n
)
~J
S
X
9
-

ll

filo

O Frech chestnut

Black chestnut

Yield(%)

Ethanol concentration(%)

Fig. 1. Extraction yields of fresh chestnut and black
chestnut. " Means with different superscripts are significantly
different by Duncan’s multiple range test (»p<0.05).

FEHL ofEE

#2 A %go] 1859 S71eich

5. DPPH BIC|Z ANs

Adr g sRF HE & 55| dge FEEET Ay
02 £ T4 84S UERATH(Table 4). A9 9 S
o B FEEZ /\]i % 200 mg/mLo|A] ZHzb 89.24%,
51.07%9] AseS el RE 22 8 2 7} =0
TAe S Hlnh ol A&t Akl a3t oeE
FEEHY E FE2E904 o =4 vehd A3 A5kl
(Kim 5 2014). T3 A& &% 200 mg/mLof|lA] ZE &ujo]
FEE0| SR A4 &2 Ak &S vEl
T} Hwang JY(2011)2] Aol A= 90 CollA] S3t o] &
gz Tgol 10 & 158, 208 & 1.749) E01=3l3L, Park
5(2019)9] AFoNAE Z8 =252 25T E 90°Co]| Az
sto] gPArsE £ 4 HAEE BARH A 25T A=
W@ g/go] §A1E §H, 90 CollA= Akt E4do] A
25ttt A717ke] FA o] o5 wof 23t Ev=
*3%01 o], Akt &/o] RopRl= Ao E wtE
(Duodu KG 2011). A|& %% 200 mgmLoA= gt 225
o] SRl FEZEHT BE FEoA A4S EAdo] kot
100 mg/mL9] sEo A= §9]& 9l o7} Y] &ktt. 50
mg/mL2] BT oA 100%, 80% OJEHE-S 0] &3l &5
A 3HF =2 50| Pul 222} 3RS gH4go] k7l =9
o, tE SuoAE 8-9)AQl x}ol7} YERIA] gttt
25 mg/mLe] HEojAEe Autxog 3y 2550 gAlst
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Table 4. DPPH radical scavenging activity (%) of water and ethanol extracts of fresh chestnut and black chestnut

Ethanol Sample concentration (mg/mL)
Sample .
concentration (%) 25 50 100 200

Water 12.40+2.76*D? 19.88+2.78° 42.90+8.00° 89.24:+1.69°
50 4.09+1.77° 7.40+1.46° 24.09+2.68" 61.48+2.84°
Fresh chestnut ) de , b
80 3.97+1.06° 9.86+2.95 21.17+1.10 58.97+0.84
100 9.52+1.22° 13.23+1.91% 23.30+2.83° 50.2441.38°
Water 12.98+0.81° 19.113.64% 39.2445.41° 51.0742.11°
50 4.95+1.02° 10.60+2.11% 24.15+1.48° 37.1443.05¢
Black chestnut " b P
80 6.1140.63° 15.30+1.59 20.62+1.25 36.91+0.33
100 11.1940.75% 17.62+1.02° 23.2742.45° 37.65+0.94¢

D Mean£S.D. (n=3).

D Means with different superscripts in a row are significantly different by Duncan’s multiple range test (p<0.05).

ol AN F2ERT A ZHHoL fouat ol
OoIT). G A BT I 222 B
o] oA ICy ghe AT 2T FEo] v
2492 Lehf 9t Barreira $(2008)2 H
Fols), ¥ e 123 a8 0] Faeh e
RS 50% &SR 10002 ek g, 4 3

O WO A | i
)
4z
> [T

n: o (o, N

va rlo

S0t ) S A AL Ho ICy o2 HERA] ¥
3t9ict. ol W 3§ $5E9] DPPH gt £A50] v
A et # AT Aske dxstet

6. ABTS'0il 2|5t SHital=
AuF @ Sl 2Z20] ABTS+ 2tz AASS A|59)
gz £750°] 50%7t He &2l ICs %kOE e et
(Fig. 2). 100% O&-E-Z o]&sto] F&o1S o, i =&
%2 ICso #t°] 5.9 mgmlLE & W F 7P =2 45t
= UEHQIAL S 135 mgmlE 35 &9 5 7H
—3— T4} 58S UE it olet B = 50% o2
o|gsto] FE5IUZ o= A FEEY 1G> 7.1
mgmlLE & &f F 7P F2 P4 E44E e
1,5 FEE2 1Ll mgmlE 35 89 5 7P 52 3
Atst &S Uetiglth. & 89 o kol &
ABTS' 2tz &7 59| Wdl= Aut 257 S 25
oAl AE BHE= FFS e AR =259 A
St gL B FEEHT} 50% oghe F&50] o WkA|vt
o o] F71E4E thA] F7I6HR L, B = S &
SEZ & FEEEY 50% oEE FEE FAEE G40l
o EQAIRE oghE FHfol SUHE S-S thA] A4Skl
ghH, o|2|3t A¥= DPPH 2tz 475 57 AFolA
P 5 & F280 7MY =2 e 24s ¢

4}o]3lgi}. ol ABTS'9} DPPH 2trjz 47

xs;m

0

3

e}

T

£ ﬁ r
={ _]lolt
®

2

IC5o(mg/mL)
[><]

BFresh chestnut

Black chestnut

water 50

80

Ethanol concentration (%)

Fig. 2. ABTS" radical scavenging activity (ICsy) of fresh

chestnut and black chestnut extracts.

Y Means with different

superscripts in a row are significantly different by Duncan’s
multiple range test(p<0.05).

w* o
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g2
ey

d| B 3f(Prior 5

2

-h‘l

Ay

7. NIESM
3T3 A Z oA 100% o s

o O
pEe

95.35%=

e, S

FAL5} A =451 v o|u}, DPPH
A2 vl 2 I ot skkEol 9t
A ZoN A 2 B A FAsE 4S5 54
2005; Shi S 2009), ABTS™ g}t]Zt 44
IS ol HZE Aok 34 € vl94 B4
2450 5-& S45H7] &l Y= d4dolthWang

1998). whetA] hatst E40] E4dof met 7t g ds 4
St =7t 2R R kst @] AfolE Uil Ao
g chLee S 2010).

2 ol 83 AN 2B AE
2.5, 5, 10 mg/mLe] FxoA 22k 122.49, 110.76,
o AE Aze T
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122,40, 115.69, 112.12%5 YEtHo] BE A2 oA A I 54e YEr AT A3 FAA 2] HeLla Al oA =

L) =9l

= E42 UehiA] gorhFig 3). et B ol8stel £ WE A S £220) JRAEE0] 6156% 0|5t %
23 AN 2B AT Swold A7 4186 395, @ AZEHLS Uehfolon, AN L Su DEolH 2 2
2709 AZ AEES YERIAT, 39 222 247 £20] 100% oHe 22BN H 5L AX 54 et
4438, 3949, 3426%2] A|E PZES UEo] WY & Al UI9Th Jung 5(2016)9] Ao A% HeLa A 20| thgt &7

(A) (B)

140 - 140 -
120 A 120 A
_ 100 __ 100 A
g S
£ 80 - 2 80
'.‘-: a
= 4 8 4
S 60 5 60
40 40
20 4 —— Water —a— 50% EtOH 20 4 —%— Water —&— 50% EtOH
0 —=e— 80% EtOH —a&— 100% EtOH 0 —e— 80% EtOH —a&— 100% EtOH
PBS 0.625 1.25 2.5 5 10 PBS 0.625 1.25 2.5 5 10
Concentration(mg/mL) Concentration(mg/mL)
100 ~ 100 -
80 A 80 4
g g
? 60 A ? 60 4
3 3
© ©
S 40 4 5 40 1
20 A 20 A
—%— Water —@— 50% EtOH —%— Water —a— 50% EtOH
—=e— 80% EtOH —a&— 100% EtOH —e— 80% EtOH —a&— 100% EtOH
0 0
PBS 0.625 1.25 2.5 5 10 PBS 0.625 1.25 2.5 5 10
Concentration(mg/mL) Concentration(mg/mL)
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2 g
Z 60 - 3 60 4
2 8
> 40 > 40
20 4 —»— Water —&— 50% EtOH 20 4 —¢— Water —&— 50% EtOH
o —@— 80% EtOH —a— 100% EtOH 5 —e— 80% EtOH —a— 100% EtOH
PBS 0.625 1.25 2:5 5 10 PBS 0.625 1.25 2.5 5 10
Concentration(mg/mL) Concentration(mg/mL)

Fig. 3. Cytotoxicity of fresh chestnut and black chestnut extracts. (A) Cytotoxicity of fresh chestnut extracts in 3T3 cells,
(B) Cytotoxicity of black chestnut extracts in 3T3 cells, (C) Cytotoxicity of fresh chestnut extracts in HelLa cells, (D)
Cytotoxicity of black chestnut extracts in HeLa cells, (E) Cytotoxicity of fresh chestnut extracts in Sarcoma-180 cells, (F)
Cytotoxicity of black chestnut extracts in Sarcoma-180 cells.
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LHO*T% Sarcoma-180 A|3Z 2] Y

I PYEES HFEY ltEoﬂxi 70% 04k

E%*é% e A] ekorom, At Swf —"F—%%Oﬂ/ﬂ RS
= FEET 100% ogE FE2Y Al PEeo] HiFE

TS UEHA] hotA, & FEE7 100% o8& 5

& AolY] Al 542 FARE Ao E BaE e ot A

HF 2259 M E FEEo] S FEEHT gAFeZ 2
= A SH=HU
St AJub 9 SHF 2&580| HeLa A|Zo] oA+ 735t

=4S vebd ¥, Sarcoma-180 A o] isA= A X =4
= 79 YEtA ek3t=tl, °lt FEEo| YA F7l
w2}t 27 9ol W&EQl Aoz woFET) Sorice
016)% &1 FE2=2 67}1] 017} Z0F A EZ0] A5t 2
T} HepG2 A|Zof AR 44 Z3otAl AA|gH WHH, HaCaT,
A375, MCF7, HT29 @ H460 A LA & m$- =2 PSS
UeRo] 2 A} FAFSHA Alzo] whet Bh-go] EEtAl=
AT HISHH

231 50, 80, 100% oﬂE} GuljE F&3}0] 2t 22270
o] Fitst ant g A2 S54& St Se] dnty
& BA0A e A ol Aot W
FobE, 2AY FF 2 FF2 S75HAL, Aoldfy
& 2 52 FF<l Zpel7t U] okt F7]0
AHoflA A 5l S B KO 9ol M =2 AL
AE AL SR ARre] F7]0]2 gl o =A U
o AE 54 A S AmE g 3011 AAE 211,
FAE 26602 SHEglom, At vlusto] Zhzh 2,24,
148, 9.3u FAstoict. YT S5 2589 F& &2
< 24014 Eo] oF 2~3uf &7 Uebdt. DPPHE ©]
7 FArer B2 AR B 2R E FE=CA
F70 HEIE ABISE o] 8otof Fatet &4S 543 4
T AAIZ 100% OS2 FEEZONA Fabet 2ol 71 =
A deht oy SRR 50% ollg-E FEENA 7H w2 T
Aot /e HEHHOITH MES42 Als S F5= A
olof & Aol7} Yl or, 3T3 HZo M ARt B9 225
RE E FEE2 2% AEZEYS U, 100%
e FEE2 MESE HEWA @9kt HeLla A2 o
A= i NE=de Herd W, Sarcoma-180 A| 2]
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Ol

A ke 24 37

oAl A9 LrehRA] gol AZ FRol wet hE An%
e Uerfoltt. £ 4TS U 2 1), Wl £4 13
IR B50E, 2AY © D0 S92 Favt 2
o} 713Ho] F7He Aoz JgEE v, 2 58S
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Quality Characteristics of Fresh Gastrodia elata according to Different Steaming Time
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Abstract

Gastrodia elata has been used in traditional Chinese medicine for treating headaches, dizziness, and convulsive illness for centuries.
G. elata has traditionally been processed by steaming or blanching to increase the content and quality of its main ingredients. This
study aimed to identify changes in physicochemical properties and active ingredients of G. elata depending on the steaming time.
Data of this study could be used to develop traditional medicine and health foods. No steaming was used as a control. Steaming
time was 5, 10, 20, 30, 60, or 120 min. The drying yield according to the steaming time ranged from 20.2% to 22.9%, with the
lowest drying yield at 120 min. As the steaming time increased, gastrodin content increased more than that in fresh G. elata due
to inhibition of [3-glucosidase enzyme activity, 4-hydroxybenzyl alcohol condensation, and parishin decomposition. Steamed G. elata
did not show higher total polyphenols, total flavonoids, or ABTS radical scavenging activities than fresh G. elata even with an increase
of steaming time. The steaming time to improve the quality of G. elata may varied depending on the size of G. elata. Thus, it
is important to set the steaming time taking these characteristics into consideration.

Key words: Gastrodia elata (G. elata), steaming, gastrodin, polyphenols, ABTS

M 3} parishin FE4] 5 Hi SRl 2 2A5M 1% %

93t AHEAYEOZE gastrodin, 4-hydroxybenzyl alcohol,

vl Gastrodia elata Blumey= St=r, 5=, A& S04 =} 4-hydroxybenzaldehyde, vanillin 50| Q10.™, o]& AEEI]
A ThA e Aol AT BEHE S EIT B ol B A7Ee] Fujele] B3 sof SleTaniguchi 5,
U HA 73} G50 A 1:']0]‘§7] cgﬂ ol YIRS I 1981; Zhou -5, 1983; Lee 5 2012; Kim & Park 2013; Tang
AYAkegol A= S, 2015). EZF vt 20004 Q%QJEE 55 &8I

o) Ta% A AL S59%E AAT A% AASIAE o PAlo] FOIAT o], BHO EEIF WAL 2wz
O 2 (KOSIS 2021), eFoJeh} Fojoke FH, &E}Xﬂ,ééeﬂ ool Algtagle] o ol 7”\/\17]55} gl wE
A, AR, 71984, et 4SS | Aute] Z2FEA(Song 5 2016), ZAAE Wgof WhE parishin
Sh= Ao 2 HIIska QIth(Yu 5 2005; Chen & Sheen 2011; S x40 H3KSong 5 2017), 22042 @ GAHNSof 9
Dai S 2021; Zhang S 2021). Hu}o] Q4+ 0 2 parishin g Hop £33 ZAKim 5 2004), S0 D HF Aol
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02 7545 HMEKKim HY 2014) 59| A77} Baislo] 9
o} E3 ok RS Suld EoF A7 % @ A BA
Bol zv) 5 24 BAte % AAY FHL AN &
o} Aobe Q7|7 B9k A4S F4lo) AEA A
& EBdjo] 248 AA|sto] gon] FIoko] Yite o
Agern BaEo] YrkLi 5 2019). Aot 58 & ZAje}
Z Sof gt 21 AFE0](Choi S 2011; Chu 5 2012;

-{O{l

A

=
AR Wst JAFER EIEI QokLi 5 2019; Ma 5
2021; Xie 5 2023). o]&st T4}, AX 5 & & Ao 9

©o
o FaidE Holke F5, ARG I AR AelwhEol
Z T2 A 5 Sl 3 SAE o] R AA] R
3t gastrodin®] &2 50| gastrodin. 2 H&E2] 3o}
I, W FEshA] SAVE H9 Ao 217 SEL AL
As}Elo] A o] SAHI HAxARte] ZojA]
7Hea&0°] WolA| 7] Hth(Wang 5 2018). E3F Ax &

(¢

Fsl= Aol L F Q3 (Xie 5 2023).

whebA & AtolA e dx AR Q] SAAIZ] wE A
oh ] FAHSLE R4Sk Aot o AlE EA] 7=
A2 st AldS sk

M= W b

1. AIERIZ W Alet

Aol AHgat Huk= 20239 5Yo] HE T3 QoA
T-ABFALL, A AR AlRe SEARS] 2
2 A & YA HyshaM ARSI

Ankgrhe] F4 712 FAl wek 45100 g o]
), AFF(80 g o), TF2 (50 g o1A). 3HE(30 g ohHe=
ROl A, Al ARERE Hube FA 528~ 60.5 g(Bw
57.01), 4o] 1,145.0~1,328.5 mm(F - 1,212.0), =7 26.1~39.01
(B 309 mm)Ql FF-Z A& TH(Table 1).

A2k Folin-Ciocalteu’s phenol reagent(F9252, rutin(R5143),
gallic acid(G7384), 2.4,6-tri(2-pyridyl)-s-triazine(TPTZ; T1253),
gastrodin(PHL89324), 4-hydroxybenzyl alchol(H20806)2  Sigma-
Aldrich(St. Louis, MO, USA), 2,2’-azino-bis(3-ethyl benzo-thiazoline-

AN A

bEd ws 41

6-sulphonicacid(ABTS; A5200)= TCI(Chuo, Tokyo, Japan) A|
Z2 AF8-519th, HPLC EA0o] AF2-SF acetonitrile, metanol,
water 0= J.T.Baker(Phillipsburg, NJ, USA)o|A 453
1, 7|6 Ake EFS AFEoLH

2. BXier

SAAIZ O] w2 Hnke] EAWSHE gotl | f|oto] ¥
T FA 57.0 g Z°] 1,212.0 mm, ¥ °] 309 mmel HAHE o]
{31t AP ®71(A4 38 cm, TB0506-03, Tosco
basic, Incheon, Korea)o]| & 3 LE Y1l Ao HEE Zo}
AR 12 kg& S8F2 & B0 £7] AFodS giE 5
AFAITHE 58, 108, 204, 30, 60%, 120822 A5t
1, 2= FAHE AR AIZPER SAGE AlEs
Y5 HAZ F 397t 5Z7XR7|(LP20, Iishin BioBase,
Seoul, Korea)2 AZ, B3t & EZUA|(500 meshy s E3}
AA BEANERE AHESHT

2

3. Olsfats BN 24

1) AZXF2

SAAIZI] T2 Auto] Axpg2 ARPEE 2 3 60T
252 AR7|(WTB binder DE/ED115, Germany)oll 4] 7 &3t
T Hute] 3 A FA ] A4 & FAE WEEE HA

st

2) pHe} S

pHOL TEE 27 5 AR 1 g & SR 10 mLe 2148}
of pH H|E|(Seven Excellence TM, Mettler Toledo, Switzerland)
o HAd G (Atago, PAL-1, Japan)E ©]-&5to] SHT

T GEL 4SS Fokdrk

3) Mz
Mt A (CM-5, Konica Minolta, Japan)S ©]-&-5}]
L(EE), adAT), bEFME)E SHotArt.

K>

=LC|
=1

FAAZ AR | o] FF4 20 nlS 7okl T Holz
3087F 23} Hste] YAIEE]7](3-16K, Sigma, Germany)2

Table 1. Appearence characteristics of the experimental sample of G. elata

Sample Weight (g)

Length (mm) Thickness (mm)

Average 57.0
Range 52.8~60.5

1,212.0 30.9
1,145.0~1,328.5 26.1~39.0
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o
of
flo
oY,
Elo
N
¢
P

AAEZ] (4,500 rpm, 208)5}F0] AFEH-S o 7H(5B, Adventec,
JapanyBH31 0] g 28] SHESGL o591 04 ym A
A Y& oji}sto] 314 & AN 1 mL, 5% H= 1 mL,
95% AF S mLE WX & 42 ¥ IR0l SR A 208
7k 94| ottt B33 A|(Specord, Analytikjena, Germany)E
ol getol SHEMI0 iy S, o)) HEAFHLE
E T=F(Glucose, Junsei, Japan)FNE - HZ A|R5lo] A}
&35kl

4. 24 &%

SAAIZO wE Hupe] B4 AR SARE ARE
IAIZE &t 420l A Fdet th 30 mm Fol= ddil &
E4E747|(TA-XT2 plus, Stable micro system, UK)E ©]|-&-5}
o] pre-test speed 2.0 mm/s, test speed 2.0 mm/s, post-test speed
10 mny/s, distance 15.0 mm, probe diameter 5 mm(p/5) ZZA 0
& Ag 208tE 08 ZA51dtt.

ang 5(2015)2] WS ot gsto] A4
skeloh & %Zé?ﬂi B2 A)F 2.0 2o 80% HEHS 20 mLE

== IHPOWERSONIC 520, Hwashin Tech, Korea)
2 308 FET T YAEY7IG-16K, Sigma, Germany)E
4,500 rpm, 104 P45t} A4SAS FHota, A= Y
StaPHo g ShH o &5t S-S ot ddsE
5lal 80% HEHE 5 mLof| €3A]17]1 ¥ membrane filter(0.45
um)Z ofF}sto] HPLCE EA5t9tt. E44H]= UHPLC
(Ultimate 3000, Thermo Fisher Sci., USA)S ©]-&5}91 ZH
L Eclipse XDB C18(4.6x250 mm, 5 1m), A<7]= PDA(220
nm)E ARESHAITE &= 0.1 % ZE4AF EH(A G} 0.1
% ZFAOIHEUELB &) AHESFH S ™, Gradient
272 95%(A) 9 5%(B) (0~25), 45 %(A) L 55%(B) (2~35
), 85%(A) E 15%(B) (35~505)9] H|&E 319, 852
0.8 mL/min, FYHF 10 uLZ oF{ch JE2 EFFo0z 4
FIAS A/dsto] gt

B
lle

ﬂﬂllé‘@’%k 242 Folin—Ciocalteu’s‘i':,q (Singleton &
Rossi 1965)2 A% A= 1 gl
50% gt 30 mLE ¥l 14/\]7} A2 FE50] ot
(Advantec No. 2, Japan)& ZZH 0 2 ARSI 2 &N
100 pLofl 2%(wiv) Na,CO; €8 1 mLE H7}Fsta] 3871 13
3t & 50%(w/v) Folin-Ciocalteu’s reagent 100 pLE #7}s}o] Wt
SHZ 307 A2 YAGE & upo|AEEHo|E 2T (Epoch2,
Biotek, Winooski, Vermont, USA)Z &% (750 nm)S 7435}

o
1‘_92
oflt
_?L
el
A
o,
o

i)
_\',L

Aok FEE9 T £ HE FFE allic acids BEZHE
ARgoto] AFAS AT F AR 1 g T mgQ R BASHITH

7. & ZRIES0|E B2 B

% EdtR 0|t g BEAL Davis WB(1947) HHS W
Foto] SAoI AEE & Eds T £4 A=
SYSHA FE51¥T &, A= 0.1 mLo]| diethylene glycol
0.15 mLE 7}5Fo] &5k 1 N NaOH &N 20 uLs 7}5t
e & § 37CoA 1A 52 ¥h-8-5k0] 420 nmof A &
T 245190 AFTAL nuting EFEZ R ZHASH

1) ABTS ZiC|Z AHEN

ABTS(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonicacid)
el 27 BHL Amao 50019 WS WFste] HA
Sttt BHARE 80% HIEhES AREote] &SIt
ABTS 7 mM -8 A3} potassium persulfate 245 mM -89-S 24
3t &, oA 12~16413F HES £ 100% OlE-&= 3]4{5}o]
E4=7F 0.70+0.027F 2 F 24T & ABTS 89 3 mLe}
A& 30 uLE E3He] 30T, 20 BHSAIA 734 nmojl A
Y2 2ok

n:[oln

2) FRAP(Ferric Reducing Antioxidant Power)

FRAP GASHI-2 HH-g-H O 2 A] 300 mM acetate buffer(pH
3.6), 40 mM @A &2 10 mM 2,4,6-tripyridyl-s-triazine
(TPTZ) 2 20 mM FeCLE F#H|3F ©3 acetate buffer,
TPTZ/40mM HCl € 2 FeCly 4L 10:1:1(vivv)2 5
o] 37°CoA 1587k ojv]ekS A|FTh A& 0.15 mLe} ojH]
U2 E FRAP A|9F 285 mLE 4o] 1587F ¥HSA]7|a
microplate reader(Power wave XS2, Biotek, USA)E Al8-5}0]
593 nmo A FFEE SYsHAT

9. SHAzZ|

Agzko] gt EAEAL XLSTAT program(Addinsoft,
Newpork, USA)S ©]-& 5}9] Duncan’s multiple range test F}'H
0 B Qo KU%E p00soIA 1L AHSA

SR T2 HESS W BN W
Auke] FAAPE 2249 B4 & AXSRL Fig 1A

o} Dt} AZH8S ZAA7H0] Wt 202-22.9%E ek
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Fig. 1. Drying yield (A), hardness and count peak (B) of G. elata according to steaming time. " Values with different
letters on bar (%) are significantly different by Duncan’s multiple range test (p<0.05). 2® Values with different capital letters

(Hardness, “©), small letters (Count peak, *) on same bar are significantly different by Duncan’s multiple range test (p<0.05).

Rom, SAAIZE 1208004 7 =kt

Anke] HEJAE &2 72 LA E 0] T3 5= 2%
7t & AR sl 2ot 66.15CE HilE o] UtkXie &
2023). vt 22 BAEBE} )= =l A4 2
U 7tho] oJsf i 5 2 AR F3E dojubA, 33Ka
3t A7t o] FolXint. ShAYE HrstA ZFESHA EHE A
2 YA BE0] FEo|E A7} Hof Al &4, iR
|49 &4, o7 9 AR A= Qs AlE o= &
S 50| ARFE0] HAaTH H= AR AZET. SAA
2ol wE Hnke] = W3k= Fig 1BRF Zom of2)3t Ak
o] e HEY St AR wet IR JPEo
o i EAR QIR WA Haet AR 90% o)
Aotz obd 2 E O] AgE o] AAadt= A7) Halk o
Qlth(Rocculi 5 2009; Guo Q 2016). T3 SAJA|7F 105 o]&

2 hEo] AYL & 4 AT, ol 54 270 Fo
U7 AeEEA A B AR date] 5} o)
o|4 FARE do] Hekslo] UrbeiA] Qof ot 4L 2
A WOt {429l GofuiA] o] ofsh AE AR &
a7 A9 o] 2o]4l A7t Hlo] Do o3t Wkt Hof 7
£9] Zra%o] A4 Roke Aoz AAEch. ek AT
PAA%+E S5 B RAY HES RS count
peak L= ZAARE F710] et ot Wil WA o
st

. SAAIZIO M2 HOp LiE $Hs
SAPAIRYO] T vkl Ui T WSke Table 29F 2t
A SRRl E Y Foe SoPt dofoy SYRES
go] FYFEZHA wAA] Fto] 5k AR Y2 UERHA

Table 2. Internal change of G. elata slice according to steaming time

Steaming

time (min) 0 > 10

20 30 60 120

Slice

Internal temp.”  20.16® 46.29° 47.63°

53.94° 53.62° 61.83°

51.24¢

Y 5 min after steaming, instrument (FT-400, CAS).

? Values with different letters in same row (“®) are significantly different by Duncan’s multiple range test (p<0.05).
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o} 34 10804 % FAREo] 23] 58E4] eot 54
50 fmefo] ot glgith. 7 208 FHE FAE An
oFo] AbetA 3L 308 ol4fo] Hlw AE Talo] o8] Ao] F
A A Aol qlgh B0 WslelTh 608 ol4fo] W
sEshA] sobEo] sl dedE BAS Lrehiglc

SRAIZION e HMot olsfets BX
ZApAro] W2 ute] o]stety FAEA
39} 2k, pH FApA|710] Z7Hge] mtet 7

24

B3}
H3}= Table
25t o 7t
IPEL FAAT| wet 527 S7Fek e o=
Aoy 7| 49| Ealet 82 9df 784 18 T
ol 371et Ao g AZteEh 3 Ante] o HIkE U
= M= SAAZE0] S719tol wet Y, Ao} o
A= Aasts AFE Yt dArks 8=
14~15%7F HEOE o]Foj A Y1 AT o ZEstH &
317} o] Foj A A| et FAPA Hnte] T2 SRRFAE et
Wt SA7F Aggol Goll|qA|7F Hnp EHIA FAHRE
o] 55 A HA} T8}t o] Fo| X HA FHA} At S U
Efffo] |Foll= G0 & WA Hohe Xie 5(2021)9] 2
o} A5kt T3 HukE HA ST A5 mm) A 25t
of 34 A - F4E ¥t 7ﬁ‘ﬂr H| A2 Frho] vl
A o] s AQlom, A S= FAF Aol I L, a, bgk
o] % Z43ttH= Choi 3(2011)9] Antole A5}
b 3 FE3o] e Hute] F4E4A Ad Pak 5
(2014)y2 $EI=FS 135 ~i7ﬂﬂo} HupH ok ~g.57qaa
A AFTF a4 4=
o A, 2ok 2 =2 ZoR l‘L' 3}@ E} Song
% 7E, BES, BLaA s}
Fg Aule] pH: 32-37, 9k
3.80~4.46 OBXE _HLLE}%\E, Aot g Ay} ehpslEo] g

4. SXIAIZH0 2 &of fEAME gl =ot st2k 85}

Auto] Q9 oFF| AL gastrodin, 4-hydroxybenzyl alcohol
olo], parshin $EA] 5 WESPES F2 T Uk
wrehA] FSAPA|ZE] WE Huko] gastrodin, 4-hydroxybenzyl
alcohol ¥ % S ZAFSE A= Table 49k 2t} SA¢
A& oAl g2 Hutel Blustiled SA A8 Sojl=
gastrodin?} 3 $HF2 57101 Al 4-hydroxybenzyllicohol $F
e Pashln ol2id AT FE 537l wt Avjo)
F 9754891 gastrodin $F2 S715}1L 4-hydroxybenzylalcohol
RS ZH20I9ITRE Puk SQO149°] A7k AASIT o
= Aut9] gastrodin®] (-glucosidase A0] ]3] 4-hydroxybenzyl
alcohol} B2 AJAJ5}al 4-hydroxybenzyl alcohol2 & A0f 9]
S}A] Y1l gastrodin© & condense FT}. E3H B-glucosidase &
& RS LT S0l Tt WA} skl BA B
go] JAE= ALoE LA Stk ol2et olfE Hute
SAAIZEO] F71etoll wet B-glucosidase B4 24 A9}
4-hydroxybenzyl alcohol®] condensation©]] 23] gastrodin o] &
7FE Ao= YRt T84 gastrodin 5712} 4-hydroxybenzyl
alcohol 7FA7F YA|5HA] Q4= ©]i= gastrodin®] A1
parishin 50| 27} £ 2|50} gastroding AH37] 1
o gzkET dxAvte] BslE e BHY 2
Hong S:(2006)2 75.78%, Kim 5(2010)2] AFoA1: 80.91%
2 waso] ok kL Z4 A o] v} 2
oA F7tstl o FAAIZEO] 6027HA] F7Hete] whet
Z7leleh F4F 10801 THAskn ol 347t A2

Table 3. Physiochemical characteristics of G. elata according to steaming time

Steaming time

(min) pH Soluble solid (°Bx) L (lightness)" a (redness) b (yellowness)
0 5.5540.05%%% 3.89+0.19¢ 69.16+1.11° - 1.6440.07° 10.64+0.67°
5 6.01+0.09 3.3340.58¢ 54.09+0.73° -2.49+0.15 8.55+0.15°
10 6.08+0.02° 5.89+0.19° 43.81+0.73° -3.07+0.07° 4.76+0.36°
20 5.98+0.06° 6.50+0.50™ 43.72+1.19° -3.3140.26" 4.45+0.03¢
30 5.98+0.03° 7.00+0.33° 4531%1.67° -3.66+0.26" 4.28+0.03¢
60 5.77+0.04° 9.00::0.33° 44.40+0.11° -3.44+0.16" 5.35+0.13¢
120 5.5140.05¢ 9.22+0.17° 43.5340.16° -3.00+0.25° 731+0.37°

Y Lightenss (L): 0 (black)~100 (white), redness (a): —80 (green)~+100 (red), Yellowness (b): =70 (blue)~+70 (yellow).

2 All values are expressed as meantS.D. of triplicate determinations.

3 Values with different letters in same column (*°) are significantly different by Duncan’s multiple range test (p<0.05).
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Table 4. Gastrodin, 4-hydroxybenzyl alcohol, and total sugar content of G. elata according to different steaming time

Steaming time (min) Gastrodin (mg/g)

4-Hydroxybenzyl alcohol (mg/g)

Total sugar (g/100 g)

0 1.35£0.0189?
5 2.5040.03°
10 2.16+0.01°
20 3.63£0.01°
30 3.54+0.02¢
60 4.81£0.02°
120 7.2240.03°

1.360.01° 33.4942.19°
0.88+0.01¢ 64.63+1.53¢
0.99+0.01° 79.36+5.78°
1.08+0.01° 80.02+0.03°
0.98+0.00° 93.02+6.05°
0.99+0.00° 96.15+1.34%
0.88+0.01¢ 77.66+1.92°

D All values are expressed as mean£S.D. of triplicate determinations.

? Values with different letters in same column (*%) are significantly different among groups by Duncan’s multiple range test (p<0.05).

A== FFo] SV AR SALETF 9 =
T =5 HH XS Uetdich A asithes Xie
5(2023)9] Hiote A5ttt Hup A7 AgEe] o
g &, AZ2 oA, 7|eHEHo] FUFo R Bajx|o] 33
gtgo] S7tsttt7t B stA AL o] Fo AW Aol
=] o] o] A wpAUrt ko] TAsHs Ao R Azt
Hot B3 SAE 5 dojuh= AR 238}, odF 7
= 2of, Az 714l 53 52 ArtY fREdEEY &
g, o, &0 IFS F= Ao Higo] Jrk(Wu 5
2022).

5. SAAIZil ME ot & E2Hs, FE2AR0=
S A Ssiay wa

Aupe] SApAZEO] e F E2|vs g Pakeked
= ST < 9= ABTS =t &7 8/d FRAP 2Helels
5743 A= Table 59 Lot SAHE 3HA] o2 Avpet v
wste] SARE Aol A EFjHE e, SRHEolE 9,

>

—_

ABTS #ttjd 2784, FRAP 282 453 o=
ZAute] Hi=31gEo] ofZ 2] E(aglycone)dt oFZ2]Eo] Fol
2YE vGA R L= UL, FAe L HEskE
9] slsttxe} ofF g Eof ZAtH T1Eol os ket
o] ZHAEAY &7 4 AthJorlong 5 2015). Aot &9
k] 2RI gastrodinS HJFA| FEfo]™ B-glucosidase] 2
3] o}ZE]E FEQl 4-hydroxybenzyl alcoholi T O.2 E]a}
A ek S Bglucosidase T4 AHelo] o) olAs)
0] 4-hydroxybenzyl alcohol $F&Fo] ZF4SlA Ht Hule] A
B T Aol 7MY &2 A& 4-hydroxybenzyl
alcoholo]™ 1 TF2-2 vanillin alcohol, vanillin® & & o}=
g 2oz A A=dl(Gao 5 2019), o] Huto
4-hydroxybenzyl alcohol A 8-9] 747} A7} e
Ao & P ETh E3F S Hvte] HE=3d-E ARk
4 o] Higt o 7HA] 21 o] ARARE Hnp
E4 At Foll Hofsh= o8 B0 &4 JAIL} 7
o oJgt ETHlE/dw A 5ol gt Ylo=E AZtE ozl

Table 5. Total polyphenol, total flavonoid content, and ABTS radical scavenging activity, FRAP of G. elata according

to steaming time

Total polyphenol

Total flavonoid

ABTS radical

Steaming time (min) (me/e) (mg/e) scavenging 1Csy (mg/mL) FRAP (mg/g)

0 4.26+0.03"? 0.24+0.01° 706.90:£0.30° 0.7340.01°

1.99+0.00° 0.18+0.00° 491.80+2.14 0.43+0.00°
10 2.57+0.02¢ 0.24+0.00° 912.39+1.89° 0.66+0.01°
20 3.0240.01° 0.26+0.01° 676.53+0.88" 0.60+0.00°
30 2.7120.02° 0.22+0.00° 634.62+1.02¢ 0.59+0.00°
60 2.7240.01¢ 0.2120.00° 641.17+2.47° 0.66£0.01°
120 2.7240.02° 0.26+0.00° 632.39+3.05¢ 0.7420.01*

D All values are expressed as mean+S.D. of triplicate determinations.

? Values with different letters in same column (*) are significantly different among groups by Duncan’s multiple range test (p<0.05).
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Abstract

Effects of glutamic acid (Glu) and monosodium glutamate (MSG) on oxidative stability of oil-in-water (O/W) emulsions with
different emulsifier charges during riboflavin (RF) photosensitization were evaluated by analyzing headspace oxygen content and
conjugated dienes. Cetyltrimethylammonium bromide (CTAB), Tween 20, and sodium dodecyl sulfate (SDS) were used as cationic,
neutral, and anionic emulsifiers, respectively. Glu acted as an antioxidant in CTAB- and Tween-20-stabilized O/W emulsions during
RF sensitization, whereas Glu acted as prooxidants in SDS-stabilized O/W emulsions in the dark. However, adding MSG did not
have a constant impact on the degree of oxidation in O/W emulsions irrespective of the emulsifier charge. In RF-photosensitized
O/W emulsions, the emulsifier charge had a greater influence on antioxidant properties of Glu than on those of MSG.

Key words: glutamic acid, monosodium glutamate, emulsifier charge, O/W emulsion, oxidative stability, riboflavin

photosensitization

Introduction

Some amino acids and their derivatives can add taste to foods.
Tyrosine, methionine, and histidine have a sweet taste,
tryptophan and glycine have a bitter taste (Schiffman & Dackis
1975), and glutamic acid (Glu) and aspartic acid have a sour
taste (Zhang et al. 2013). Monosodium glutamate (MSG) is a
sodium salt of Glu and is a major taste compound that provides
the ‘umami’ flavor to foods (Caliroli et al. 2008), which is an
important sensory attribute that influences consumer acceptance
of foods. The annual production of MSG was approximately 2
million tons in the year 2007 (Sano C 2009), and the demand
for MSG is on the rise, especially in Asian countries, including
China, Indonesia, Vietnam, Thailand, and Taiwan. Because food
industries use substantial amounts of MSG and amino acids for
providing desirable flavor to processed foods, it is necessary to
understand the physicochemical properties of MSG and Glu in
food systems.

The oil-in-water (O/W) emulsion is an important physical

matrix in foods that are composed of dispersed lipid particles
surrounded by emulsifiers and aqueous continuous phase.
Oxidative stability is one of the key factors, which determines
the sensory attributes in O/W emulsion-type foods. The rates of
lipid oxidation in O/W emulsions are influenced by many
factors, including the degree of unsaturation in dispersed lipids,
emulsifier charges, types and concentration of oxygen molecules,
and the presence of antioxidants and prooxidants (McClements
& Decker 2000; Chaiyasit et al. 2005; Yi et al. 2016). In
addition, prooxidative metal ions and interfacial characteristics of
lipid droplets greatly influence the rates of lipid oxidation in
O/W emulsions (Mei et al. 1998a; Mei et al. 1998b; Chaiyasit
et al. 2005; Laguerre et al. 2015). Therefore, in the industry,
measures such as vacuum packaging, low-temperature storage,
encapsulation of sensitive additives, and the addition of
antioxidants are implemented to prevent lipid oxidation
(Berton-Carabin et al. 2014). When foods containing photosensitizers
are exposed to light, chemical reactions occur due to
photosensitization, which affects the oxidative stability and quality
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of foods. Riboflavin (RF) is a representative hydrophilic
photosensitizer (Evans et al. 2002). Lee & Decker (2011)
reported that RF photosensitization could induce significant
changes in the rates of lipid oxidation in O/W emulsions.

Some amino acids possess antioxidant properties. Based on
2,2-diphenyl-1-picrylhydrazyl, 2,2’-azino-bis(3-ethylbenz-thiazoline-6-
sulfonic acid) and ferric reducing antioxidant powder assays,
researchers have reported that cysteine has significantly high
antioxidant activity compared to that of other amino acids
(Pérez-Jiménes & Saura-Calixto 2006; Ka et al. 2016). The
antioxidant properties of Glu or aspartic acid are significantly
low compared to those of cysteine in vitro (Ka et al. 2016).
However, the antioxidant properties of Glu have been reported
in spermatozoa, where it is involved in protecting the plasma
membrane from damage by lipid peroxides (Susetyarini RE
2015). Although Glu and MSG are important ingredients in
foods, studies regarding their effects on the oxidative stability of
O/W emulsions during RF photosensitization are rare in the
literature.

The objective of this study was to determine the effects of
Glu and MSG on the oxidative stability of O/W emulsions with
different emulsifier charges and Glu and MSG concentrations

during RF photosensitization.

Materials and Methods

1. Materials

Glu, MSG, RF, cetyltrimethylammonium bromide (CTAB),
Tween 20, and sodium dodecyl sulfate (SDS) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Corn oil was
purchased from a local grocery market (Suwon, Korea). Other
reagent grade chemicals were obtained from Daejung Chemical
Co. (Seoul, Korea).

2. Sample Preparation for the Emulsion and Photosensitization

The O/W emulsions were prepared according to the method
reported by Yi et al. (2016). The cationic, neutral, and anionic
emulsifiers were CTAB, Tween 20, and SDS, respectively. The
emulsifiers were independently added to deionized water at a
concentration of 0.25% (w/w), and then varying concentrations
of Glu or MSG were added [100, 1,000, and 10,000 ppm (W/w)].
Corn oil was mixed with the above solution at a concentration
of 2.5% (w/w). A coarse emulsion was prepared by homogenizing

the above mixture for 3 min using an HB501 (Tefal,
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Haute-Savoie, France) and passed three times through a nano
disperser (ISA-NLM100, Ilshin Autoclave Co., Ltd., Dacjoen,
Korea) at 34.47 MPa. RF was added to the emulsions to achieve
a concentration of 0.13 mM. Sample bottles containing 2 mL
emulsion were stored under light (1,333 lux) for 60 h and
samples were collected every 20 h. One set of bottles were
wrapped with aluminum foil so that the bottles were in the dark.
Samples to which Glu or MSG were not added were regarded
as controls. Samples were prepared in triplicate at each sampling
point (Fig. 1).

3. Zeta Potential and Droplet Size Analysis

The Zeta potential was analyzed based on the method reported
by Kim et al. (2016). Zeta potential indicates the difference in
potential between the surface of the tightly bound layer of ions
on the particle surface and the region of the solution. In general,
zeta potential determines emulsion stability. Emulsions
containing high zeta potential values above 25 mV are
considered more stable. Particle size has a direct impact on the
physical stability of the emulsion (the smaller the dispersed
particles, the more stable the system). The zeta potential and
droplet size of O/W emulsions were determined using a zeta
potential analyzer (Nanotrac Wave; Microtrac Inc., Montgomeryville,

PA, USA) before and after RF photosensitization.
4. Headspace Oxygen Analysis

Lipid oxidation occurs as lipids react with oxygen, and the

headspace oxygen content was analyzed to confirm the reduction

Sample
+
Riboflavin

Light source
(1,333 lux)

Fig. 1. Schematic design of the photooxidation device.



50 Ji-Yun Bae and Mi-Ja Kim

oxygen levels during lipid oxidation. The headspace oxygen
content was analyzed based on the method reported by Yi et al.
(2016). Thirty microliters of headspace gas were removed from
the headspace in the sample bottle using an air-tight syringe and
the oxygen content was determined using a gas chromatograph
(GC) equipped with a thermal conductivity detector (TCD). A
Hewlett-Packard 7890 GC (Agilent Technologies, Inc., Santa
Clara, CA, USA) was equipped with a 60/80 packed column (3.0
mx2 mm ID, Restek Ltd., Bellefonte, PA, USA) and TCD
(Agilent Technologies, Inc.). The flow rate of the helium carrier
gas was 200 mL/min. Temperatures of the oven, injector, and
TCD were 60°C, 180C, and 180°C, respectively.

5. Analysis of Conjugated Dienes

In the initiation step of lipid oxidation, polyunsaturated fatty
acids containing two or more double bonds converted non
conjugated double bonds into conjugated dienes. Conjugated
dienes in the samples were determined using the method reported
by Mei et al. (1998a), Lee et al. (2014) and Yi et al. (2018).
The emulsion sample (120 pL) was mixed with 2.7 mL of
methanol/1-butanol (2:1, v/v), and was further mixed by
vortexing (three times for 10 s each). The oil phase was
recovered and the absorbance at 233 nm was measured using a
UV/VIS-spectrometer (Model Genesys 10uv, Thermo Fisher
Scientific Inc., Waltham, MA, USA).

6. Statistical Analysis

The data for the headspace oxygen content, conjugated dienes,
zeta potential, and particle sizes were analyzed statistically by
ANOVA and Duncan’s multiple range test using the SPSS
software program version 19 (SPSS Inc., Chicago, IL, USA). A

p-value < 0.05 was considered significant.

Results and Discussion

1. Effects of Glutamic Acid on the Oxidative Stability of
O/W Emulsions

The effects of Glu on the headspace oxygen content (A) and
conjugated dienes (B) in CTAB-stabilized O/W emulsions
containing RF under light or in the dark are shown in Fig. 2.
Control samples without Glu had the lowest oxidative stability,
irrespective of light irradiation (Fig. 2). In case of headspace
oxygen content, O/W emulsions with 10,000 ppm Glu had the

highest oxidative stability among all samples, including the
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Fig. 2. Effects of glutamic acid on the changes of the
headspace oxygen content (A) and conjugated dienes (B) in
CTAB-stabilized O/W emulsions containing RF under light
irradiation or in the dark for 60 h. ‘L’ and ‘D’ indicates
the samples under light and in the dark:respectively. ‘100°,
‘1,000°, and ‘10,000 after ‘L’ and ‘D’ are 100, 1,000, and
10,000 ppm glutamic acid, respectively. Different capital and
small letters are significantly different among the same
treatment time under light or in the dark at 0.05, respectively.

controls (Fig. 2A). The levels of conjugated dienes in the

controls were higher than those with Glu over the course of 60
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h (Fig. 2B), which is consistent with previous results regarding
headspace oxygen content (Fig. 2A). Samples with 1,000 and
10,000 ppm Glu had significantly lower levels of conjugated
dienes compared to controls or samples with 100 ppm Glu
(p<0.05). As for samples stored in the dark, samples with 1,000
and 10,000 ppm Glu had lower conjugated dienes values
compared to controls or samples with 100 ppm Glu (Fig. 2B).
Overall, Glu showed concentration-dependent antioxidant properties
in CTAB-stabilized O/W emulsions, irrespective of light irradiation.

Effects of Glu on the headspace oxygen content (A) and
conjugated dienes (B) in Tween 20-stabilized O/W emulsion
containing RF in light and in the dark conditions are shown in
Fig. 3. Samples with 10,000 ppm Glu had significantly high
headspace oxygen content compared to that in other samples (p
<0.05); however, samples with 0, 100, and 1,000 ppm Glu did
not show any significant differences after being subjected to light
for 60 h (p>0.05). In dark conditions, there were no significant
differences in headspace oxygen content, irrespective of the
addition of Glu (p>0.05). Samples with Glu had significantly
lower levels of conjugated dienes compared to that in samples
without Glu (p<0.05). Samples with 10,000 ppm Glu had
significantly lower levels of conjugated dienes compared to that
in controls subjected to light (»p<0.05), which implies that Glu
has antioxidant capacities in Tween 20-stabilized O/W emulsions
during RF photosensitization.

Effects of Glu on the headspace oxygen content and
conjugated dienes in anionic SDS-stabilized O/W emulsions with
RF under light or in the dark are shown in Table 1. The
headspace oxygen content in control samples under light and in
the dark decreased from 20.9% to 14.0% and 19.2%, respectively
after 60 h treatment. Under light, antioxidant or prooxidant
properties of Glu were not pronounced and no significant
difference was observed in headspace oxygen among samples
after 60 h treatment, irrespective of the concentration of Glu
(p>0.05). During RF photosensitization, Glu (10,000 ppm)
showed antioxidant properties in SDS-stabilized O/W emulsions
based on measured conjugated dienes. Moreover, the addition of
Glu decreased the headspace oxygen content compared to that
in controls kept in the dark; this result implies that the presence
of Glu accelerated headspace oxygen consumption in the dark
(Table 1). These findings were confirmed by the results of assays
for conjugated dienes. The presence of Glu accelerated the rates
of lipid oxidation in SDS-stabilized O/W emulsion (Table 1).

The concentration of Glu used in this study (100~10,000 ppm)
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Fig. 3. Changes of the headspace oxygen content (A) and
conjugated dienes (B) in Tween 20-stabilized O/W
emulsions containing RF under light irradiation or in the
dark for 60 h. Different capital and small letters are
significantly different among the same treatment time under
light or in the dark at 0.05, respectively. Abbreviations are
listed in Fig. 2.

is within the 10,000 ppm limit set by the Council of the
European Union, European Parliament (1995) for foods. The
content of Glu in food products from Italy and USA was
between 927 to 3,410 ppm for broths, soups, and soup bases
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Table 1. Effect of glutamic acid on the headspace oxygen contents and conjugated dienes in SDS-stabilized oil-in-water

emulsions for 60 h riboflavin photosensitization

Sample Concentration Headspace oxygen content (%) Conjugated dienes (g/kg oil)

(ppm) 0h 20 h 40 h 60 h 0h 20 h 40 h 60 h

Control" 20.940.17  18.740.1% 16.1402°  14.0+1.3*  0.4+0.1 42403 7.5+0.3* 8.2+0.4°

_ 100 20.9+0.1 18.0£0.2°  153+02°  14.0803*  0.940.1 3.9+0.2° 7.0£0.3° 8.4+0.8°
Light 1,000 20.9+0.1  18.6£0.1°  16.1£0.5*  13.9+0.5°  0.620.1 3.1£02° 6.0+£0.1°  8.5+03°
10,000 20940.1  187402° 16505 14740.6°  0.6+0.1 2940.1°  55+04°  6.8+04°

Control 20.940.1  20.8+0.0°  20.740.0° 192414  0.4+0.1 03+0.0°  1.0£0.0  52423°

Datk 100 209+0.1  18.9+03°  162+0.8° 149405  0.9+0.1 43+0.6° 7407  9.7+0.1°
1,000 209+0.1  19.0£03°  16.8+0.5° 159405  0.6+0.1 3.740.9°  6.0£04°  7.7£04™
10,000 209+0.1 19305 17.7402°  162+0.1°  0.6£0.1 32409 4.9+02°  7.2402

Y Without amino acids.
? Meantstandard deviation (n=3).

) In the same column, different small letters mean significant differences (p<0.05).

with added monosodium glutamate, and was 2,660 to 7,530 ppm
for salad dressings, which are mixtures of oil and water (Populin
et al. 2007).

Lipid oxidation driven by RF photosensitization can undergo
both type I and type II pathways (Min & Boff 2002). Compared
to autoxidation at 55~60°C, RF photosensitization speeds up the
rates of lipid oxidation, and more oxidizing factors are involved,
including reactive oxygen species like singlet oxygen and
superoxide anion, excited photosensitizers, and lipid radicals
(Min & Boff 2002; Lee & Decker 2011).

It is quite interesting to note that Glu showed antioxidant
properties in CTAB- and Tween 20-stabilized emulsions under
light, while its prooxidative properties were displayed in
SDS-stabilized O/W emulsions only in the dark. The charge of
an emulsifier surrounding the dispersed lipid particles can affect
the oxidative stability by attracting or repelling metal (Mei et al.
1998a; Sun et al. 2011). O/W emulsions containing a cationic
emulsifier have been reported to have higher oxidative stability
compared to other emulsifier-stabilized O/W emulsions, because
of the repulsion between cationic transition metal ions (Mei et
al. 1998b). However, the prooxidative property of CTAB was
reported in O/W emulsions during RF photosensitization (Yi et
al. 2016), and in fatty acid esters containing association colloids
(Homma et al. 2016). Kancheva & Kasaikina (2012) reported
that cationic surfactants in triacylglycerols increased the rates of
lipid oxidation by breaking-down hydroperoxides into free
radicals. In addition, the higher pH of the CTAB solution might
be the underlying cause of the prooxidant properties of CTAB

in O/W emulsions (Yi et al. 2018). Glu in anionic-charged O/W
emulsions may attract more transition metals like iron and
and the rates

copper, of lipid oxidation accelerate in

SDS-stabilized O/W emulsions in the dark.

2. Effect of Addition of Monosodium Glutamate on the
Oxidative Stability of O/W Emulsions

Effects of MSG on the headspace oxygen content and
conjugated dienes in O/W emulsions during light irradiation or
in the dark are shown in Table 2. All samples had lower
headspace content compared to that in the 0 h sample during RF
photosensitization, irrespective of emulsifier charge. CTAB-
stabilized O/W emulsion had the highest headspace oxygen
content followed by SDS-stabilized and Tween-20-stabilized
60 h RF

photosensitization (Table 2). The consumption of headspace

O/W emulsions (in decreasing order) after
oxygen increased significantly when MSG was added to the
O/W emulsion stabilized with CTAB (p<0.05), implying that
MSG acted as a prooxidant. There were no significant
differences in the headspace oxygen content between Tween-20-
and SDS-stabilized samples during RF photosensitization for 60
h (p>0.05), implying that the added MSG did not alter the rates
of lipid oxidation.

In the dark, MSG
CTAB-stabilized and SDS-stabilized emulsions based on the

headspace oxygen and conjugated diene content. However, the

showed antioxidant properties in

prooxidant properties of MSG were found in Tween-20-
stabilized samples (Table 2). The addition of MSG provides
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Table 2. Effect of monosodium glutamate on the headspace oxygen contents and conjugated dienes in oil-in-water
emulsions for 60 h riboflavin photosensitization with different emulsifier charges

Concentration Headspace oxygen content (%) Conjugated dienes (g/kg oil)

Sample (ppm) 0h 40 h 60 h 0h 40 h 60 h
Control"” 21.00.07 17.2+0.2 16.4+0.3" 0.520.0 8.5+0.2° 9.8+0.6

100 20.9+0.0 16.6+0.1% 15.6+0.2° 0.4+0.0 8.2+0.3" 9.6+0.4

CTAB 1,000 21.1+0.0 16.3£0.3° 15.740.5° 0.4+0.0 8.1£0.3% 9.3£0.3%

10,000 21.0+0.0 16.8+0.1° 15.240.3° 0.4+0.0 7.6+0.4° 8.7+0.0°

Control 20.9+0.0 16.1£0.2° 13.240.1° 0.420.0 72402 9.7+0.1¢

] 100 20.9+0.0 15.240.1° 13.2+0.4° 0.3+0.0 7.9+0.4° 12.4+0.5°
Light Tween 20 b . . .
1,000 20.9+0.0 15.140.2 13.3+0.1 0.30.0 8.0+0.2 12.6+0.2
10,000 20.9+0.0 15.7+0.3° 13.7+0.4 0.4+0.0 6.740.5° 10.5+0.2°

Control 20.9+0.0 16.1£0.2° 14.0+1.3 0.4+0.0 7.5+0.3" 8.2+0.4°

SDS 100 20.9+0.0 16.2+0.3 14.5+0.2° 0.4+0.0 7.6£0.2° 9.0+0.2°

1,000 20.9+0.0 16.3+0.2° 14.7+0.2° 0.4£0.0 7.540.3* 9.0£0.5"

10,000 21.0£0.0 16.4+0.2° 14.8+0.2° 0.4+0.0 7.5+0.9° 8.320.2°

Control 21.0£0.0 20.8+0.0° 20.4+0.1° 0.5+0.0 1.0£0.0° 1.2+0.2*

100 20.9+0.0 20.8+0.1° 20.8+0.1° 0.420.0 0.8+0.1® 0.840.2°

CTAB 1,000 21.140.0 20.8+0.0° 20.8+0.1° 0.4£0.0 0.7+£0.1™ 0.8+0.0°

10,000 21.0£0.0 20.9+0.0° 20.8+0.0° 0.4+0.0 0.6£0.0° 0.6+0.1°

Control 20.9+0.0 20.9+0.0° 20.7+0.1° 0.4+0.0 0.6£0.0° 0.5+0.0°

Dark Tween 20 100 20.9+0.0 20.6:&0.12 20.610.0: 0.3£0.0 0.7£0.1* 0.7£0.1%
1,000 20.9+0.0 20.520.1 20.4+0.2 0.30.0 1.0£0.3* 0.7£0.1°

10,000 20.9+0.0 20.4+0.1° 20.3+0.0° 0.4+0.0 0.7+0.0™ 0.840.0°

Control 20.9+0.0 20.7+0.0° 19.2+1.4% 0.4+0.0 1.0£0.0® 5.242 3

SDS 100 20.9+0.0 20.6£0.0° 19.2+0.8" 0.4£0.0 1.30.5° 3.240.5"

1,000 20.9+0.0 20.7+0.1% 19.6+0.9* 0.4+0.0 0.9+0.1" 2.6+1.2°

10,000 21.0£0.0 20.8+0.1° 20.7+0.0° 0.4+0.0 0.6+0.0° 0.7+0.0°

Y Without amino acids.
Y Meanztstandard deviation (n=3).

 In the same column, different small letters mean significant differences (p<0.05).

antioxidant properties at 10,000 ppm in O/W emulsions with
anionic and cationic emulsifiers in the dark. Compared to the
results obtained with Glu, the antioxidant or prooxidant activities

of MSG were not substantial.

3. Zeta Potential and Droplet Size Analysis of O/W
Emulsions Containing Glu or MSG

Changes in zeta potential and droplet size in O/W emulsions
with or without Glu and MSG with different emulsifier charges
are shown in Table 3. As the added Glu increased from 0 to
10,000 ppm, the zeta potential of CTAB-stabilized O/W

emulsions increased from 47.1 to 81.5 mV, and this trend was

observed even after the 60 h RF photosensitization period. The
added Glu may help in the aggregation of more CTAB at the
interface of the oil-water droplets. Whereas the zeta potential in
Tween 20-stabilized O/W emulsions did not show consistent
changes with respect to the presence of Glu. The zeta potential
of SDS-stabilized O/W emulsions decreased from -48.8 to —66.7
mV as the concentration of Glu increased from 0 to 10,000 ppm
and remained at this level after 60 h treatment (Table 3). Similar
to the results of CTAB-stabilized samples, the presence of Glu
may help locate an anionic emulsifier easily at the interface
between oil-water dispersed phase.

In general, the addition of Glu induced changes in the zeta
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Table 3. Changes of zeta-potential and droplet size in oil-in-water emulsions with or without glutamic acid or monosodium
glutamate for 60 h with different emulsifier charges

Concentration Zeta-potential (mV) Size of droplets (nm)
Sample
(ppm) 0h 60 h 0h 60 h
Control" 4712027 67.3+7.8" 255.4+11.9° 225.7+6.0°
100 71.5+0.1° 61.6+1.2° 290.2+0.1° 239.545.8°
CTAB . . N
1,000 69.842.7 70.6+2.8 240.5+12.5% 249.5+5.0°
10,000 81.545.1° 85.7+10.2° 220.0+26.5° 217.6£38.1°
Control -19.841.1° -2.8+4.0° 249.5+6.9° 248.0+19.3°
Glutamic 100 -9.5+]1.3" -6.943.3 251.3+6.4° 238.3+5.3
K Tween 20 b b . .
acid 1,000 -15.2432 -153425 254.2+1.6° 253.942.7*
10,000 -15.542.5° -15.042.9° 256.4+5.5 251.4+11.9°
Control -48.8+1.7° -50.746.2° 218.6+10.4* 212.142.7*
SDS 100 -55.4+1.1° -56.2+1.6% 218.5+4.3 216.6+5.4°
1,000 -53.6+0.9° -59.142.4% 216.943.9° 216.443.9
10,000 -66.7+7.0° - 65.0+0.3° 200.9+16.7° 209.349.8
Control 47.13+0.21° 67.33+7.84° 255.37+11.91° 225.70+6.46"
CTAB 100 45.90+11.28" 63.03+£5.83° 243.50+6.06" 224.83420.57°
1,000 56.57+4.87° 64.70£2.21° 198.57+17.76° 216.53+6.69°
10,000 71.60+4.29* 60.67+7.23 233.73433.62% 224.60+11.47*
Control -19.77£1.10° -2.7743.95 249.53+6.86" 248.00+19.26
Monosodium 100 -15.33£0.23" -23.97+0.57° 256.5743.54° 250.77+5.06"
glutamate Tween 20 b . . .
(MSG) 1,000 -21.63+1.46 -24.70+2.31 252.6015.34 252.20+8.98
10,000 -21.47+1.03° -19.47+1.03° 254.40+14.07° 249.57+8.36
Control -48.80+1.71* -50.67+6.16" 218.60:10.38 212.10+2.69*
SDS 100 - 47.47+0.64° -54.6342.25° 215.10+5.07° 221.47+6.50°
1,000 -59.03+1.32° -64.63+2.19" 211.83£1.00% 218.3746.81°
10,000 -104.0743.55¢ -111.23+0.81° 214.03+5.42° 201.57+0.49°

! Without amino acids.

Y Meanztstandard deviation (n=3).
 In the same column, different small letters mean significant differences (p<0.05).

potential in O/W emulsions with cationic or anionic emulsifiers.
It is likely that the presence of Glu induced denser packing of
emulsifiers at the oil-water interface. The pH of the continuous
phase used was 5.4 (Yi et al. 2018), and a negatively charged
form of Glu was predominant. If Glu itself could get loaded on
to the interface as an emulsifier, the zeta potential of
CTAB-stabilized O/W emulsions would decrease. However, an
increase in the zeta potential was observed in CTAB-stabilized
O/W emulsions, indicating that Glu may not accumulate at the
oil-water interface. In case of SDS-stabilized emulsions, Glu
might act as an inducer of tighter packing of SDS at the

oil-water interface due to the decrease in negative zeta potential.

The increased oxidative stability in CTAB-stabilized emulsions
upon addition of Glu can be explained by changes in the zeta
potential. Increased number of positive charges at the interface
in CTAB-stabilized emulsions with added Glu might repel
prooxidative transition metals, which would then retard the rates
of lipid oxidation. Conversely, in SDS-stabilized emulsions with
Glu, the decrease in negative charges on the droplets might
attract transition metals, which would accelerate the rate of lipid
oxidation (Fig. 2, Fig. 3 and Table 1).

Although the scavenging ability of free radicals or the
reducing ability of ferric ions of Glu were not high enough
(Pérez-Jiménes & Saura-Calixto 2006; Ka et al. 2016), Glu has



Vol. 37, No. 1(2024)

charged functional groups and are known to be antioxidants
(Chen & Nawar 1991). Amino acid residues within proteins can
react with singlet oxygen either via a chemical reaction or by
physical quenching (Gracanin et al. 2009). However, the
reactivity of Glu with singlet oxygen has not been reported in
the literature. The antioxidant properties of Glu in O/W
emulsions during RF photosensitization might be due to the
inhibition of the type I pathway rather than the type II pathway.

The zeta potentials of CTAB-stabilized emulsions increased
significantly as the concentration of MSG increased from 0 to
10,000 ppm before RF photosensitization (p<0.05), and those of
the SDS-stabilized samples decreased significantly (p<0.05)
(Table 3). The effects of MSG concentration on the zeta
potentials of Tween 20-stabilized emulsions were not consistent.
Interestingly, after 60 h of RF treatment, there was no significant
variation in zeta potentials in CTAB-stabilized emulsions with
different concentrations of MSG (p>0.05), whereas there was
significant variation in SDS-stabilized emulsions with different
concentrations of MSG (p<0.05). Anionic glutamate may get
incorporated on the interface of dispersed oil droplets in
SDS-stabilized emulsions and decrease the zeta potential
substantially.

There were no significant differences in the droplet sizes in
in samples treated for 60 h—except in case of the 10,000 ppm
MSG-added SDS-stabilized emulsion —irrespective of concentration
of MSG or the charge of the emulsifier (p>0.05), implying that
the added MSG did not show emulsifying properties. Generally,
the droplet sizes of CTAB- and SDS-stabilized emulsions were
smaller than those of the Tween-20 stabilized samples after RF
photosensitization (Table 3).

In solution, MSG gets dissociated into positive sodium ions
and negative glutamate ions. The addition of sodium ions can
influence the oxidative stability in O/W emulsions. Osborn-
Barnes & Akoh (2003) reported that the addition of 0.5 M NaCl
results in an increase in secondary oxidation in emulsions
containing copper, and explained that the effects of NaCl on
oxidation were caused by NaCl-induced changes in the physical
properties of the emulsion droplets such as a reduction in the
thickness of the double layer. Additionally, Mei et al. (1998b)
reported that at NaCl concentrations greater than 17 mM, the
zeta potential of the SDS emulsions became less negative. This
caused a decrease in the association of iron with SDS emulsion
droplets. Overall, the effects of MSG addition on oxidative
stability may partly be due to the effect of the cationic sodium
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salt and anionic glutamate. Depending on the type of emulsifier
charge, the added Glu and MSG exerted different effects on the
oxidative stability.

Conclusions

The antioxidant effects of Glu and MSG on the oxidative
stability were evaluated in O/W emulsions with different
emulsifier charges and RF photosensitization. Glu showed
antioxidant properties in emulsions containing cationic and
neutral emulsifiers during RF sensitization and acted as a
prooxidant in SDS-stabilized O/W emulsions in the dark.
Addition of MSG did not show such prominent effects as those
of Glu. The oxidative stability of foods with O/W emulsion
states containing Glu or MSG should be carefully evaluated, and
factors, such as the charges of on droplets, the presence of
photosensitizers, and light irradiation must be taken into

consideration.
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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 Amended on 10/11/2023

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.
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Article 7: Retention of Copyright
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 Cormresponding Author or Senior Author

The author, as one who makes intellectual contributions to the research published in the paper, must satisfy all of the
following qualifications.

9.1. Someone who has made a significant contribution to the conception, design, data collection, analysis, or
interpretation of the research

9.2. The individual who has drafted the manuscript or made substantial revisions to its main content

9.3. The person who has given final approval to the version of the manuscript to be published

9.4. Someone who agrees to be accountable for investigating and resolving any issues related to the accuracy or

integrity of the research

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.
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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.

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 that involves research on human subjects, it is necessary to specify in the paper that approval
has been obtained from the Institutional Review Board (IRB) for bioethics and consent has been obtained from the
research subjects. In the case of animal experiments, compliance with institutional or national guidelines for animal
research and approval from the Animal Research Ethics Committee must be stated in the paper. Copies of approval
documents from the Bioethics Review Board and the Animal Research Ethics Committee should be submitted to the

conference via email. The required approval for research and the date of implementation are 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
Question investigation year) for minimize of researchr's
(survey and sensory Jan, 1, 2018 confusion
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
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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.

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.
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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

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. For members reported for violations of research ethics regulations, a written notification outlining the overview of
the case should be provided, ensuring the opportunity to submit a written statement within a specified period.
Additionally, the member should be given sufficient opportunity to attend at least one meeting of the ethics committee
during the investigation process to provide oral explanations if desired.

23.4. Until the final decision of the society regarding the violation of ethical regulations is reached, the ethics
committee should refrain from disclosing the identity of the member to the public to ensure that the member's honor

and rights are not infringed upon.

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.
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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.
Article 4: Date of Enforcement

These regulations shall enter into force on November 10rd, 2023
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Guidelines for Submitting Manuscripts

Guidelines for Submitting Manuscripts

The Journal of the Korean Society of Food and
Nutrition publishes research papers, research notes,
research updates, and review articles related to food
and nutrition. However, the publication of review
articles is limited to those appointed by the society
or those approved by the editorial board.

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://ksfnkr).

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.

. The corresponding author must be a member of the

Korean Society of Food and Nutrition, and the
publication of papers by non-members is subject to
the resolution of the editorial board.

Online submission is the primary method. Authors

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
Amended on 10/11/2023

should complete the Submission Form and submit
the paper along with the Research Ethics Pledge and
the Authors' of Ethics Policy &
Copyright Transfer. For research involving human

Agreement

subjects and animal experiments, a copy of the
approval from the Institutional Review Board (IRB)
and the Animal Research Ethics Committee (only the
first page with the approval number) should be
attached to the back of the Authors' Agreement of
Ethics Policy & Copyright Transfer.

The review articles and invited papers, excluding
systematic review and meta-analysis, will be
published only when commissioned by the editorial
board. Manuscripts submitted through commission
undergo the same review process as regular
submissions.

The evaluation, acceptance, and order of publication
of papers follow the editorial regulations and review
rules. The paper undergoes a three-stage review
process to determine its publication status, as
outlined below.

Stage 1: The editorial director reviews the paper
briefly and determines the preliminary assessment.
Stage 2: Two reviewers designated by the editorial
director conduct a detailed examination.

Stage 3: If the final decision is not reached in the
second stage, one additional reviewer is appointed to
conduct further evaluation.

- The principle is to keep the reviewers' identities
confidential, and the detailed review procedures
follow the regulations outlined in the journal's

review guidelines.
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The language in the manuscript should be Korean or
English

computer with font size of 10~12 points and the line

in Ad4-size paper setting, typed using a

spacing should be set at 200%.

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

affiliation on the first page of the manuscript.

and
The
part

author’s (or authors’) name(s),
running title should be provided at the upper
of the title page. If the number of authors is two or
should be

corresponding author. If affiliations of authors are

more, ' mark indicated in front of

sk

different, superscriptions of ~ ™ should be put

at the end of authors name in order. The same
should be

affiliation. The corresponding authors should provide

marks put in front of respective

affiliation, affiliation
and e-mail. The authors’
“” in between the

author’s name in English,

address, telephone, fax,

names in Korean should have
name and the author’s names in English should have

9
b

in between the name.

If an author is affiliated with two or more
institutions, it is permissible to specify multiple
affiliations.

All  authors must register their affiliations and
positions when registering with ORCID or a similar
identifier. This information can be utilized as

documentation for identity verification if needed in
the future.

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
At the

bottom, include up to 5 keywords in English (all in

research objectives, methods, and results.
lowercase).

The paper should follow the standard format with

the following sections in order: Introduction,
Materials and Methods (or Study Subjects and
Methods), Results and Discussion, Summary and

Conclusions, Conflict of Interest, Acknowledgments,

and References. The text should be continuously

12.

13.

14.

15.

16.

connected without page breaks.

Research Notes are brief reports of limited scope
that contribute new knowledge. The formatting is
the same as the Research Articles. Research Notes
are suggested not exeeding 2500 words. The tables

and figures are limited up to 3 in any combination.

Titles and descriptions of tables and figures should
be all provided in English. Titles should be provided
in order of Table 1, Fig. 1, and etc. and in clear and
precise could be understandable
without referring to the text. The title of table should
be given at the top of the table and the title of
figure should be given at the bottom of the figure.
Tables and figures should be stated as Table 1, Fig.
1 and etc. when they are quoted from the text

body.

manner so they

Footnotes should be expressed as Arabic numerals of
D23 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 » b & & ad e ohould be used and the

explanations should be stated at the bottom.

All of the tables and figures may be presented in
the middle of the text body or on separate sheets of
paper to be attached at the end of the manuscript in
order. The exact locations of tables and figures should
be properly stated in the text. Pictures must be
neatly produced by photography or a computer to be

directly used as original images.

All sources cited in the text must provide author’s
name alphabetically and the year, and, in principle, all
English. The

examples of cited references are as follows:

references must be provided in

Cited references should be presented as surname in
English and the year in parentheses at the corres-
ponding part. For the citation of a single author,
his/ her initial(s) and surname should be provided.

For the citation of two authors, only surnames



84 Guidelines for Submitting Manuscripts

should be provided. For one work by more than
three authors, citation should include only the
surname of the first author followed by “et al.”
For two or more works by the same author by
year of publication, the signs such as a, b and ¢
should be provided followed by the year.
e.g. Citation in the beginning of a sentence

Kim HJ (2005) is -

Kim & Lee (2007) is -

Kim et al. (2008) is -

Park (2007a) is -

Citation in the end of a sentence

(Kim HJ 2005), (Kim & Lee 2007), (Kim et al
2008).

2) For several citations in the text, the cited sources
should be presented in chronological order or in
alphabetical order of authors, in case of the same
year.

e.g. (Lee et al. 2007; Kim HJ 2008; Park & Kim
2008)

17. KSFAN actively recommends to cite articles (2 or

more) published in the journal of the Society.

18. The author must disclose any conflicts of interest.
[Added to the regulation on November 10, 2023.]
Example: There are no financial or other issues that
might lead to conflict of interest. OOO(Author’s
name) has been an editor since 2023. However, he
was not involved in the review process of this
manuscript. Otherwise, there was no conflict of

interest.

19. The arrangement of references shall be put in alpha-
betical order of author’s last name. Abbreviation of
journal in cited references shall comply with inter-
national standards for abbreviation. The examples of

cited references are as follows:

1) Academic Journal
Kim KW, Ko CJ, Park HIJ. 2002.

properties,  water permeabilities  and

Mechanical
vapor
solubilities of highly carboxymethylated
starch-based edible films. J Food Sci 67:218-222

2) Edited Books

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 fer-
mentation. 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.
dispersable cocoa powder. Abstract 21, 42™ Ann
Meeting Inst Food Technol Atlanta

Preparation of cold water

6) Internet Source
Korean National Statistical Office. 2007. The statistics
of mortality and the Available from

http://www. kostat.go.kr [cited 20 January 2014]

cause.

20. Article abbreviations should be presented in
accordance with Chemical Abstracts. Academic terms,

if possible, should be provided in Korean.

21. 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
recommendation 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.

22. In accepted during the

principle, revision is
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proofreading made by only the authors of the
manuscript. No changes or insertions shall be made in
Provided, That

matters, in case of deemed necessary, may be revised

the contents during the revision.
by an editor. The copyright of all published articles

in the journal of KFN shall devolve on the Society.

23. The submitter must pay the specified publication

fees. Additionally, if color photographs are to be
printed or if separate attachments are requested, the

24.

25.

submitter bears the associated expenses.
The number of papers published in one issue is
limited to 2 per lead author, and up to 30 papers
that have been editorially completed by the 20th of
published in the

the month are corresponding

month.

Any matters not explicitly stated in these regulations
shall be determined by the Publishing Committee.

¥ The submission regulations for the journal have been partially revised as of November 10, 2023. Please refer to the
updated guidelines when submitting papers for Volume 36, Issue 6, and subsequent issues.
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