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Physicochemical Quality Characteristics of Hand-Made Traditional Tea

+ .
Youn Ri Lee
Associate Professor, Dept. of Food and Nutrition, Daejeon Health Institute of Technology, Daejeon 34504, Korea

Abstract

Jerusalem artichoke, bitter gourd, sword bean, beet, greater burdock, and lotus root were dried at 70°C for 12 h and extracted
at 70°C for 3 min. The resulting extracts were analyzed to determine their pH, color, total polyphenol content (TPC), total flavonoid
content (TFC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity, and a-glucosidase inhibitory activity. The pH of
the hand-made teas ranged from 5.80 to 6.97, indicating overall weakly acidic properties. Greater burdock and beet teas showed
high phenolic compound contents. Bitter gourd tea had the highest levels of TPC (44.93+0.28 mg GAE/100 mL) and TFC (13.61+0.31
mg CE/100 mL), whereas sword bean tea had the lowest levels of TPC (15.57+0.37 mg GAE/100 mL) and TFC (4.19+0.07 mg
CE/100 mL). DPPH radical-scavenging activity analysis indicated that bitter gourd and greater burdock teas exhibited the strongest
antioxidant activities, whereas beet tea exhibited the lowest scavenging activity. Jerusalem artichoke, lotus root, and sword bean teas
also exhibited significant scavenging activities. In contrast, a-glucosidase inhibitory activity was highest in bitter gourd tea, followed
by that in Jerusalem artichoke, burdock, lotus root, beet, and sword bean teas. Correlation analysis indicated that higher TPC and
TFC were associated with superior antioxidant (DPPH) and antidiabetic (a-glucosidase) properties of the assessed hand-made teas.

Key words: handmade traditional tea, total polyphenol content, total flavonoid content, DPPH, a-glucosidase inhibitory

activity

M B o] A%% FH Fashd £8A4 Aol e EEA e
(Jhon & Kim 1988), @73 ZHAHE Z4 U €5 AA £
Aol BT} Gl AL SHRIEIQIkKim 5 2010)

o] Z(Momordica charantia L.)= BfT}o|| &5h= 24 A
A2, dWA He] C, B-caroteneS H]|E5}9] saponin,

Seuet MEHoR A% UL BHOR A vh
L HET 422 o]olUrHMoon & Park 1995). 7 %2
28 HEQl Eefuli, 7hQl, ety @ B ofuiAl 5
(o]

2015), FAleHLee 5 2021), Fw[Rt

2
ofl
-3
s
8

aQ

oj

(Snoussi 5 2014)°f| 7]o{5}H, £3] & Aol HAb HopA]
< HASEEY A S4ESKLiv 5 2017)9 % F-2v]
o a3E Hole Aoz UEyth

=2k sfutetr] &l &5k S A AN Helianthus tuberosus
Ly= =4l 715 @314 % & A2hs vhdA 410l ok(Shin
S 2012). SjAHAC] FHSHA - ol (inuling I

alkaloid, glucoside, terpenoid 5 T}FSH AJ2|&A] AJHo] £33t
&o] Slth(Lee 5 2015). 53] o5 579 &5t d=ol= E
F 240 75t AEAHE WG AR} pectin, citrulline,
galacturonic acid ¥ TF2] ofu|lAto] 55| 0] QITHLee 5
2015). FoETE Fujel Aot dhE AEAd dsedQl
charantin /-2 G 74 gEet aE YEtd= A2
2 dHA QtH(Grover & Yadav 2004; Schmourlo 5 2005).

' Corresponding author: Youn Ri Lee, Associate Professor, Dept. of Food and Nutrition, Daejeon Health Institute of Technology,
Daejeon 34504, Korea. Tel: +82-42-670-9246, Fax: +82-42-670-9246, E-mail: leeyounri@hit.ac.kr

- 143 -



144 ojiz]

SEorlor FEdf A o] YAA|R1 AFEF(Canavalia
gladiatay @A =} F=, S Z3E FoFAlof M
oA AAE 9 AR FHA &&= rk(Shin EH
2019). ZHF9] "5 B A4=Ee= FHEH(Cho 5
2000; Ekanayake S 2007; Chung 5 2014)°] tfst ¥ 17} Q)
o, 29 ofsps} A % PABIRYT} BAH ATCho
5 1999; Kim 5 2012, 2013a), ¥F-24 YQof i3t H5 R
IHKim 5 2013b), FUJeon 5 2005), FFx(Nimenibo-
Uadia R 2003) 5-9] 85°] 3lof RIZtQHAE 3ks/d <
= tage b AHEE ZAeE 4EA Qlti(Chang 5
2011).

g o} Chenopodiaceae)®l| £51= H| = W] E (Beta vulgaris
L)y SRASN At SGotilor A o] dAitA| &, H]E
91 A, HIEHY] B, HIEHY] C 9 mjy|Eo] FHato] HAFA
SHE49] FFHolth(Lee 5 2005). 8 FYLHCE= 4
SHA Agh, AgA g, bt tiabd Ae 1S AT
T A o X 5o] &7 HojubH, thEke] HE)
TFog 7|Pol A Eole ol =2 F= A2
=31 th(Lee 5 2005).

Q- (Burdock arctium lappa L)y HE LA E 25L&
stato] &k AEE, AuiEe A9 thFE ofA
FHY w2t A Hola, LYo = FE BA
H|Zsho] de AulE 2 Ut 9 A RL]ofA &2
I AEY arctigenind} acrtiin®] f%5°0] EIEHI
(Jeong 5 2011) arctigenine F-=A| LA EFZHHS-9]
A 9 gt a3 Rxo] Qlth(shihara S 2006). %
Ao £Q93%F AR O Z X chlorogenic acid, lignin
% Sl arctigenin, “1&] 37 caffeoylquinic acid 5O &
ZtH(Sugiura 5 2009).

AL (Nelumbo nuciferayS ATVl &31= o 2jsfjido] =
HAEE QA= AR, S, G2, o= 9 AlHE|or A<
9] &2 Folu FA oA Ahdth. Aoll= HIEL A, B,
g Yo4l, BlE C, B E, A=ZAE S(Yang 5 2007)2
ofu|le Akl EF|F Y, ot27]d, H=EAlo] diE o] At
(Kim S 2002).

2 AFtolAs GA Fui7 7hsskal 7HgolA A Alx
7t AR=E HAHAL ofF, A5F, HE, 994 2 A
T 2 A AEA= A x5t o|stetA] £E E4, %
4Fst &/ 2 a-glucosidase A &S HIWL-ZA 5L, 75

B AER 2ARAe] N2A4RE ATHLA ATt

it

I @ o
R o

o qu 1o 19 o wE

4T ol o2

1. A8 =

HRAAA}, oF, A5, H|E, 99, A<= 35 Y 57
oA AT AL Tttt A A
reagent, gallic acid, DPPH(1,1-diphenyl-2-picrylhydrazyl), catechin

]2k Folin-Ciocalteu

2-deoxyribose, trolox, sodium carbonate, sodium nitrite, aluminum
chloride hexahydrate, sodium hydroxide, potassium persulphate, a-
glucosidase,  pNPG(p-nitrophenyl-a-glucopyranoside)  sodium
carbonate 52 Sigma-Aldrich(St. Louis, MO, USA) A& A&

stlen, 1 9 B AR SFARE ARSI

2. +H| HER HZE
SA ABA AxE hed 2 wpHoR AW

1) fl=o| Fxfal U AN

AL, AF(A SR AA), R, HE, 9, A
T 500 g8 o2 AT HE 8] AA] A3 T8 A
H &2 olg3te] MHT T, AAARe] AESEL AA

shaiet.

2 NE & d=x

2249 ARE 03 em FAZ LGS A2, AlEE Al
F= 7148 AEAX7]|(DEQ-DS00M, DAEWOO, Seoul.
Korea)S AFE-3}0] 80T 2% ZAA 12AX7F Z9F A%
SHATHEFEEE 10% ©]5}.

3) H3(roasting) =&

AIE ol AEE FYstal ot EoflA] HE3t w3t
QolLpx] P2 A& 0T wHkst] w5ah] Btk £ ¢
& TS W MRS 157)2 Sto] & 53] Wi,

= =
100 mL Y42 3 ¥ el thg 70T

2 g5 3 HE S A
2 AMgsharh

4 B ¥ 38 5

o

w
4>
é
A
om
>
10
il
A
am
0z

o FF5ol ARE Y3 383} FEste] BAslh pH
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pH meter(CH/S210, Mettler Toledo GmbH, Greifensee,
SwitzerlandyE  ©]-85}9c;. M= MI}A(CM-5, Konica
Minolta, Tokyo, Japan)E ©]83}o] HI(L-value), XA
(a-value) @ AL (b-value)s =73 HJo 5 2016).

4. M| MEXIC| & E2nl= ¥ S2E0|= & 24

A AEA] Hed sRtEE EA45t A 10T SR
oA 3EZF 5T F ojifsto] HF EAE AEE AMES
At & E¥HE ¥ E9E ol TS Kim 5(2018)9]
o g BAS & s T2 FE5F 50 uLd
2% sodium carbonate 8-M2 7}5F & 387F HFA|5}A] 50%
Folin-Ciocalteu reagent 50 pLE 7}sl3it}. 30 &, W31 9]
B0 % S 735 nmol| A 235190, EREAQ] gallic acid
£ ARESto] AFAS Adskalom, A& 100 g 59| mg
gallic acid equivalents(GAE, dry basis)& WYEFH ATt & Z&t
HlolE g FE5 250 ulo] 57+ 5% sodium
nitrite 75 pLS 7FSt o2, 58 & 10% aluminum chloride
hexahydrate 150 uLE 7}oto] 68 WFX|Sl, IN sodium
hydroxide 500 pLE A7) 118 & wgHo] Z3w 1S
510 nmo| 4 &7kt BEEEQ cateching AHE-SHo] 4
TS AFAASIROoH, AR 100 g 59 mg catechin
equivalents(CE, dry basis)@ LENYSTE.

0l

5. &=N| MEXIQ| DPPH ZIC|Z0]| ol MAIRs =X

£A) AEXx}2] DPPH radical A7 &AL =759 tH(Kim
S 2018). A& 0.2 mM DPPH €4 0.8 mLo] A]& 02 mLE
71t 3 AL0) A 3082 ®W|5ke] 520 nmof|A SFEE =
g

6. a-Glucosidase AsiEM =X

FAIAEAHY] a-glucosidase A /g5 S745FATH(Tibbot
& Skadsen 1996). Al& 50 pLE- 0.35 unit/mL a-glucosidase &
2% 100 pLo}F §Fsto] 37 CoflA 1027 vt & 1.5 mM
pNPG 50 uLE 71sto] 37°CoA 20827 BEgAIZH. 1 &,
1 M sodium carbonate 1,000 pLZ ¥FH2-S A X A]7] 1 405 nm
oA FHEES SHIs

7. SHEA
Aol A ol Fike] BAH F1HL SPSS(statistical
package for social sciences, Version 12.0, SPSS Inc., Chicago,

2] g olsfsky B 54 145

IL, USAYE o|-&sto] B+RE AR YL, 24 5=
o] BHA FAA FAEE p<0.05 FENA One-way
ANOVA AA] & Duncan's multiple range testo]] 2]3l] A5}
ow 7 EAFE 7t AHHAE B4

1. M MBI HZQZ 2Tt +=8M E&EY

AR AR HARAL, o5, AT HE, 9 4
o] AxA = AT 84 I AR Fig. 1, Fig
Zrh Az oM = 4249 d8E 03 em FAZ L7Jst
A Adston, AdE AlRE 738 AEARE AHS
Sto] 80°CoflAl 12417F &7t A &3to] SEIAFES 10% o]t
= Axsit J= 3L B A4E 0T 94% £,

SE
29}

Fig. 1. Visual appearance of six types of agricultural
products dried at 80 C for 12 hours (Moisture content 10%).

Fig. 2. Visual appearance of aqueous extracts from six
types of hand-made teas brewed at 70°C for 3 minutes.



146 o]z FAZIYTIEA

2. TN MEXIQ| pHRt M= EH

A EZofA &3 §H9 pHE F2E & f74H 7714
o] &7, o] utg} Gt FE54 Fr)do] o
248 Wi, vF&A4 Fr)do] woy AS uA "ot
(Hwang 5 2021). A2 THE A AAER}, o F4}, 55
Zp, BIEAL, QA ATAY] pHYF MEE A7 A=
Table 13} 2t} A2 A 2H 2HE2 pH 5.80~6.97 AFo]
Fxoto] MA o2 R AL vrerditt. HHAAAL
£ Aol ot HIEE S0l 77 AAE YERd
pH7} 22 HA = njAE] et A (bacteriostatic) H Ahat
(bactericidal) 2-8-& YERHTHHwang 5 2021). ohebA At
7b @2 AR FEES E85to] AAREAE LAY,
olo] FEE Yo +ESAHE/A] W& 1HEY AFY A
ARRA Y 7S HoEr

AT = AHAL 2 $8517] A Al s3Eet 7|5
e AATE= $23% Q40|th(Borchgrevink 5 1999;
Hwang 5 2021). 2 QoA A2 A28 250 A=
£ S4oto] 4 B4 BT A AR 652 70T
oflA] 37 H&sto] Mg A% ZIKTable 1), ZF Y=9]
If AR 9 7HE Ao wet F5E Az ZfolE YER
) H|EX= HERQ] M40 et 8E2 I8 7MY W2 H
T(34.5740.59)9F =& ML (45.36+0.10)2 YEFAT ¥,
ATAE 7y & HAe 2 dhgo] oz A
(31.76+0.64)7} 71 A S8 =] o] Z1gt 4 £ B
o} AEF A= HE(64.16£027)7F 7P =oF AlIZFHH 0 & 7}

WA AR & EAS HoH, oA AT &
O] Zh(—1.84x0.02yZ FA5F31T}. Hwang 5-(2021)9] A 2
o AE S Al GuiRtE2] Ao} pHE Bt A3,
2 AT} FARE AFE HA 2, Jung 5(2019)2] A
A& SJRpe} AA A= Aol pH7F & Aol AR
S Bk A= JE 20| E A 279 A1z
A 4 2E23 9 AnR 73R £4S S1F 7]x HolH
2 88T 5 AUtk

3. THEERL| & E2|H= ¥ S22 0|E e

=4 SRES AlEAC 9y £xE0] Q= HEA
22 AR S stolt. o] &2 #AF ol EAsts Hl=
4 S|=EA]7|(phenolic hydroxyl group)?} &4 Tl 7+
2 Ad B Aot 553 ke AL Add
(Kim & Park 2011). 0|23t E4 0= ?ls] A1&4 W #H=4
SRHEY] ggol S7HESE FEdel, EYAHE A
T H S &G 5 ot AYEA asol R E
FTh(Lee 5 2008; Kalt 5 2010). ¥H=4 34&E2] ot9] 1F
of &£3}= &gt o|= 3}gHE(flavonoid compounds) F&2
PUe e B A HRo2 A YA ot falt
U Z(free radicals)= H-&X 0 & A|#5to] QIA|9] 45t AE
A% oS, WR A FES URE S Ty
S gcHKawaguchi 55 1997), o]0} Eo] Q15§ §
o welg xAeks 7)ol Bstol, Wy P54l Ag
71QIsHe BaAsk ulgh P 5O SUEL BRE
ol 8 Aeley 2EE WAL JrkKin 5 2012
Alam 5 2014). S| WHE HARARL, ol FEIA,
H] =

£, 993, A2Ae] Bejds ¥ SepRio|S Y2

Table 1. pH and the color values of hand-made traditional teas extracted at 70°C for 3 minutes

L (lightness)

a (redness)

b (yellowness)

Tea samples pH
Jerusalem artichoke 5.80+0.01%9?
Bitter gourd 5.9240.03¢
Sword bean 6.79+0.02°
Beet 6.97+0.02°
Greater burdock 6.16:0.02°
Nelumbo nucifera root 5.86:0.02°

61.47+0.57° —2.3440.03" 14.30+0.02°
58.78+0.05° —1.84+0.02° 17.20+0.03¢
64.16+0.27° —2.4140.02* 8.77+0.11°
34.5740.59" 45.36+0.10° 22.70+0.16°
59.14+0.10° 0.04+0.01° 12.73+0.08°
54.77+0.06° 1.17+0.01¢ 31.76+0.64"

D Each value is presented as meantstandard deviation (n=3).

2 27T Means within each column with different letter different significantly (p<0.05).
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2743t A= Table 29F 2t 70Tl A 382 &S 4]
A&t 659 & EFHE dFTPOR & STt olt o
F(TFCE B4 A3, 98 179 4= 244 o2t §9
agt ZolE UEhlth A= TPC 44.93:0.28 mg
GAE/100 mL, TFC 13.61+0.31 mg CE/100 mLZ X} 2 714
2 $AE Uelon, 43t &4 £49 85 50
7P gt AR gIEQIY vH, ARFA = TPC
15.57+0.37 mg GAE/100 mL, TFC 4.19+0.07 mg CE/100 mLE
7P E2 {8 AR TS B9tk Hwang 5(2021)2] A+
oflA it} & T At FE5EQ F S ol T
2 B4 ATl 29.04+1.49-217.87+1.45 mg QE/gS] HQIE B
How, A= 4530 mg QE/g, AFFAH= 40.24 mg
QF/g, o521 113.61mg QE/g, H]EXH= 107.31mg QE/gO.
2 YERGTE Son & Kim(2011)9] Aol A Au]}, ==},
EAA, A, A 9 =2 2229 F Eus A
< HZEEE tamic acid®] YFOE ALlSIAS W, 47t
272.8, 74.6, 153.5, 73.5, 69.5 & 260.8 mg/g extract=, ZH| X}
9] A% 7H T2 HS HYoH, A /Mg wopth 2
FHOE 70T, 389 IE RANAE HA FAISH JE0]
&&ote AoR 7164 AAEA 7HsAS AAISHL

Table 2. Total polyphenol and flavonoid contents of
hand-made traditional teas extracted at 70°C for 3 minutes

Total polyphenol Total flavonoid
content content
(mg GAE/100 mL)” (mg CE/100 mL)?

Tea samples

Jerusalem artichoke 21.15+0.85™ 5.9620.13°
Bitter gourd 44.93+0.28" 13.61+0.31°
Sword bean 15.57+0.37° 4.19+0.07°

Beet 35.21+0.37 7.3340.12°
Greater burdock 40.40+0.14° 9.44+0.28°
Nelumbo nucifera toot 25.80+0.18° 8.47+0.23¢

" Total polyphenol content was expressed as mg/g gallic acid
equivalent (GAE).

2 Total flavonoid content was expressed as mg/g catechin
equivalent (CE).

3 Each value is presented as meantstandard deviation (n=3).

# 2T Means within each column with different letter different

significantly (p<0.05).

24 WA olsiery B4 54 147

4. M| MEXI2| DPPH ZIC|ZH0 28t MAIZ0is SH

DPPHE 35t o2 Qs Bz QHyZQl Qg gtz
2, 28 J2 A gt 18y FAsE BEEZRE HA}
£ ZofRtod g whgo] Yojuf 1179 o] giojA|H
Loz gAE= E/4do] qltk(Blois MS 1958). o] 4 €
DPPHO] 2HlE]2 A|59] Ak} F53 AT AAAE
Hol7] gjgo, thefst AAdaA o] Fitst &S ATy
sk, Hln EAshs EA]] XEZ dE E8FH 9t
(Kalt 5 2010). A= W= HAGAAR), oAFaL 2734k
H| EX}, 92}, A212] DPPH 2Ht)Z A7 53 S74% 4
T}H= Table 33 Zoh PR T OZE AFR-H ascorbic acid=
99.94+0.82%9] 7HY w2 L AAE YERYIATE 4
A} 6% FolAE TRt P3P 7Y e AsE &
e Btk SRR, ATk RS <02 foulst
AA S8 Heiglom, HIEAE= AR F 7P ¥ &
A0 =2 YERGTH Hwang 5(2021)9] Ao)lA DPPH 4 A
5= B4 A HAAAA 83%, AFFAF 82%, oA}
92%, HIEA} 56%= UEFHLTH Jung 5(2019)%] A-ollA
DPPH A7A%5 A3} £9 90%, AL 87%= EFTH ESH
Son & Kim(2011)9] QoA HAgol 59 27|& AuAt,
52k, &4, A=A, BAAL AR FEEY <02 e
st olHt ik A EA% & B € SRk
o= fa WA AT/ALS HRlt) HEA StES FEF
o] 7F =ota oFAket JAF7F DPPH 2HtjZ 4750

Table 3. DPPH radical scavenging activity of hand-made
traditional teas extracted at 70°C for 3 minutes

Tea samples DPPH radical scavenging activity (%)
Jerusalem artichoke 72.94+0.65%7

Bitter gourd 89.16+0.51°
Sword bean 68.90+1.02°
Beet 56.88+1.00°
Greater burdock 87.42+0.63¢
Nelumbo nucifera root 72.45+1.08°
Ascorbic acid 99.94+0.82

Y Each value is presented as meantstandard deviation (n=3).
? 27¢ Means within each column with different letter different

significantly (p<0.05).
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5. M| MEXIQ| a-glucosidase Ml &AM =A

a-Glucosidase A3 EAJ-2 Lol A BpSlE0| ZEEFoZ
Sl TS Bot Al EY A5 AR Fiety o
9 85 93 7154 Edolu 4 21 245 a3
o deHor Brioks thEAQl P X|H#O|THOh 5
2015; Zaharudin - 2019). A2 Th= SR AR}, o F4L, &
T34}, HIEA}, 292k, AR a-glucosidase A SIS &
3 3= Table 49t 2} 7oA ©=3kE RS ot

L

of A

o

Table 4. a-Glucosidase inhibition activity of hand-made
traditional teas extracted at 70°C for 3 minutes

Tea samples a-Glucosidase inhibition activity (%)

Jerusalem artichoke 11.99+0.25%D
Bitter gourd 14.41£0.10
Sword bean 5.89+0.09*

Beet 6.42+0.10°

Greater burdock 9.70+0.23¢
Nelumbo nucifera root 8.82+0.14°
Acarbose 99.28+0.90

Y Each value is presented as meantstandard deviation (n=3).
2 27T Means within each column with different letter different
significantly (p<0.05).

7 52 ORI o] e wARE i, 5
AR, 943, AT, HIEAL, A5EAL 402 Uehge.
S8 AR A SRR ol he uh
A 8ZHm w2 oA S2lo] w7 Ukt Al ¥ st =
Moz TN A2 Belck AR, SR, AR}
L oL ol E Aol A% Egaviolns ¢
sfshe HxeRE FH5 /M7 9 A0 Bekeh v
o MEA}o} AFEAE T4 Hols A4 ot 47 ¥
2 Wojmal B, vES] W3t 717, 45Z0] A=
7ol 278 5 A13I5He Zlo] ARSI A2 Huang
5021)2] A7 a-glucosidase AT £4 23t A4
2} 10.79%, ZFA} 4.6%, 952} 14.27%, B EX} 7.93%2 U
ERdeh. Agz0] 10CoIA] 3BE S27h YalolA 215 7}
A 92 Tl A0, oAk BAZAAE, SR A
A % B A AFo] WS S8 uhd o g o
lucosidase AT e 20 SHIEgic,

¢

T

6. TRl MERIQ| AZZHA|

FAE T HAGAR, oFAL, AFFA}, B EAL, 99
2}, AR} pH, L(lightness), a(redness), b(yellowness), total
polyphenol(TPC), total flavonoid(TFC), DPPH, a-glucosidase
inhibition activity®] AF33A= Table 59} Zt}. TPCS} TFC
= " AT Fol JHEA=(0.886%), S HlE Tl =
S A EYeE ST ol e A A UEhdth &
ulsy} St ot A#o] W25 DPPH ZHZ 44
51} a-glucosidase inhibition activity”7} 9] AFTHLA 2 FAE

Table 5. Correlation coefficients among extraction pH, L (lightness), a (redness), b (yellowness), total polyphenol (TPC),
total flavonoid (TFC), DPPH, and a-glucosidase inhibition activity of hand-made traditional teas extracted at 70°C for 3 minutes

Factors pH L a b TPC TFC DPPH a-glu
pH 1.00 —0.522" 0.674™ —0.224 —0.141 —0.460 —0.652" —0.807"
L —0.522" 1.00 —0.973" —0.526 —0.319 —0.44 0.629™ 0.373

0.674 —0.973" 1.00 0.339 0.279 —0.106 —0.709™ —0.476
b —0.224 —0.526" 0.339 1.00 0.140 0.254 —0.267 —0.034
TPC —0.141 —0.319 0.219 0.140 1.00 0.886" 0.523" 0.490
TFC —0.460 —0.044 —0.106 0.254 0.886" 1.00 0.692" 0.0719™
DPPH —0.652" 0.629™ —0.709" —0.267 0.523" 0.692™ 1.00 0.0740™
a-Glu —0.711" 0.283 —0.397 0.015 0.629™ 0.849™ 0.764™ 1.0

*p<0.05, “p<0.01.
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S} JE(TPC, TFC)o| F5-5t11, gF4tst L4 (DPPH)O] 9
FARYSE P o 57 B0l Y= T TH-
glucosidase 214 EIHE - oy}

ARG, o F, ATE, HIE, 99, BT 70T 124]
7+ EQH A% ¥, 0CE 357 Bole] pH, A, 2
s SetRiol= 9, DPPH @7 £A%T o
glucosidase AFNEAHE ZHHGTt. $AR AxH 5
pH 5.80~6.97 Atolo] Baslo] Ao opty He
etk AR 7P o] A, wEL F40
AP AL e Ars BlEATE 1 e gl
B AAEES Jehy, JoAs S, AEEAE 98
7} 744 w7 b § Bl ARKTPOT Sohuie
o= SHEHTFOS HAITE A, o} 317} TPC 44934028 mg
GAE/100 mL, TFC 13.61+0.31 mg CE/100 mLZ T+ A/ 2%+
B $AE Ui, SAxet HER 9] B WA
S TS UEhch wh, AREAE TPC 15574037
mg GAE/100 mL, TFC 4.19+0.07 mg CE/100 mLZ 7} =&
steFe HYlth DPPH o2 47458 54T Ake ol
Ao} 9427} 71 AT PAst BHL B AT HALA
A, Ao, AEgeow Folust A7 BAL UErigle
o, MERE AR F M e 27452 det o
Glucosidase XSNEHA-S o171, A AR, LA, AR,
ujEA, AEEA £0% Uehth Au 238 249
BY EHE(TPOT Sehr o] =(TFC) Sho] ko,
ATHOR S5e FABHDPPH) L Fke(o-gh) BHES

Uerdiet.
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Abstract

This study evaluated the potential of defatted perilla seed residue (DPSR), a byproduct of perilla oil production, as a food upcycling
and high-value food ingredient. Extracts were prepared through single or complex enzyme treatments using protease, cellulase and
pectinase. These extracts were subsequently incorporated into jellies to analyze their physicochemical quality characteristics,
antioxidant composition and activity, and texture profiles. The addition of enzyme-treated DPSR extracts decreased the lightness of
the jellies while increasing their redness and yellowness. Among the formulation groups, the protease-based complex enzyme treatment
yielded the highest polyphenols and ascorbic acid contents compared to the control, whereas flavonoids contents showed no significant
differences among the experimental groups. DPPH and ABTS radical scavenging activities were significantly enhanced compared
to the control, confirming that the enzymatic treatment enhanced antioxidant activity and this activity was effectively retained after
jelly processing. Texture profile analysis revealed that the soluble components released by the enzymatic treatment reinforced the
gelatin gel network, resulting in increased hardness and shear force. In conclusion, protease-based complex enzyme treatment improves
the extraction efficiency of bioactive compounds from DPSR and preserves functionality in the final product. These findings serve
as foundational data for academic and industrial applications related to food upcycling of agricultural by-products and sustainable
food development.

Key words: defatted perilla seed residue, enzymatic hydrolysis, jelly, antioxidant activity, food upcycling

M B SRtEY 22 Ay AEol R TREo

(Jeong 5 2020). o]2]gt AFY9] ARE77HA] 8- HAA

SM(Perilla frutescens L)y= -2 Uztol| Al Q30 717+ AHj SAE 2T 2t ofy 2} AE 4 9] &7 SHol
o] 2 1A Q FAER, 7|5 BA oA tFe] A& iAol ot ZAE A A EIL Itk (Ahn 5 2021). O]
E7i5to] FARER WAYSth dA] R S-S A4 o wet HLol= A FARES IR VA AR A
AR = A7 77148 HEE AEo s d8EAY 5 A& Aot FE YA E (food upeycling)’©] =2
71%] 3L = AZOJTHNICS 2023). A7 Ato] w2H E74 frilo R FERon B A7t Erds] Y= QL

dholl = T, Alo]l 489t ofy 2} polyphenol 2 flavonoid TH(Lee & Hwang 2024).
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W)

FAAAZROS)Q FET YAL ety AEHAS &
dhslo] M &4F 9 1312 A5k 29 ¢olo g ATHA
lem, ojof wz} o2 EF o R AAT 4 Y= 5
Avs} 4R 7fdre] WQ Aol &Aoo A7 Qtk

7
BRE J)5A A EA Ao S, AelEy 4R 4
g o] AB 24 ) Anst Ams L chad B3 -
of Aol glo] YA o) FETWORE FET

7} o]#l¢ g7} 9ltkKang S 2018; Costa S 2020). ©]
P24 Aoke FRe) Aol g% % B e L
RAHoE Bojsl] 58 4R0 23 LS WAL
54 Jhepd 340 GAAY ke ANHT sich
(Puri 5 2012). £3] protease, cellulase, pectinaseS Z35F &
o aa A Axd BE 9 & AR UES S
A5ty FASE A4S A7 AoE HIE 9t
(Park & Yoon 2018; Hwang -5 2021).
T 7168 A At I FE2EY A
oA Yolt 2u1Ate] 43 HelE} 75 4S
A% AR A7 BED et 1% 4
of 473 %2 7340w ) W ABBoN HsE,
54 4R BRHoR AT S Yt A A¥oz 2
Exty Qlth(Lee & Ji 2015; Nam 5
2zl Aalo] BAT 7S AAsHs 2935 9 do|n
A9 2359 W A HERI 300 Felior
Loto] 2F AFe 4 Ao 9FS mIXITH(Choi
& Lee 2014; Kim 5 2020).

& QFEL F2 S 22 Augy Bl we
2719} e 19 4% Aol 550! Lm0 5 202
54 AelE S 222E 02 APl 483 A7 of
2 ARl Agoltt. wa A% 718 IHoIH LS o
;‘q ag ﬁ}x]-@r AHo ovugq. Aﬂxﬂqﬁ;goﬂ gk u]7q 2
910 85 (Verghese 5 2021) H% AE ] 7154 94 o]
ASoh= A2 AR7PHA] A oA S8 BAo ]‘jr-

E}E}H azH 04—7—01]/\1—‘: protease, cellulase, pectinaseE- ©]-&
Ql A Ay TS £ AgEAo] A=
A 2EEE AL, o BN L YELA AW
Aol 2517 Az Wele) olskeky 4, Azt
2] g, IS} 4 9 RS BAGO RN S
2 P54 AE 2ARAG) B8PS AN
Aol JIN AE RS AT 712 ARE AT

A} shojct.

ru[m

Pl olstet B4 Ul aAleh B4 153

>

ERETTY
S

2 Ao AHEH S7iER 2025 SHEE S A
deiold B718 AZ B4 5 AT RARE A
wol 4% Amz AMSSHTh SRS BA|(HRITS.
Philips, Netherlands)&Z T}4f3t 5| 40 mesh(Chung Gye Industrial
Mfg., Co., Seoul, Korea) A& SIHA|A A5z ARESIYcE &
2Ag SE FE= ARE AT aaes GNovozymes
(Bagsvaerd, Denmark)2] THi& .5} § A (protease)Q] alcalase
2.4L FG(24 AUlg), cellulose E-3 8 4 (cellulase)Ql celluclast
(700 EGU/g) ¥ pectin &2 )& A (pectinase)?] pectinex
XX1(10,000 PECTU/mL)E AHE-SHITH A2 A 25 913t #
A FE+= gelatin(Fujian Fenfan, China)Z} allulose(Ever Healthcare,
Fetel AHgstick

mo M
B

Korea) &

2. E4x2|

min

1]
]
it}
=

N

et S5

1) Eax2| Set FE52 NX
BaAY S 552 AX5H] 50 Lee 5(2026)2] 1
of we} AZsIAH:. =, vRafiet S71EF 20 gofl AHAIS 90 mL
713t &, protease, cellulase, pectinaseS 212} 3 mLA 7|5}
H3lg 9] 739 protease?} cellulase, protease?} pectinase
3ol 247t 1.5 mLA Edsto] H7Bleich. St Eavt
2 Zhzto] Qelae 55:20E AR G 204 8
pme] R0 2 2A7F B wHlsFAA §AATE St vt
$ R T 549 RS 510l 0TIA 108 52 A
Zsle] ATAZ|T AR ](Labogene 1736R, Gyrozen,
Korea)E ©]-85t0] 4°C, 3,041xg 274 3087t YAEE5H
At AS N2 A ofiX|(No. 2, ADVANTEC, Tokyo, Japan)
2 ojF}sto] Ae] Ao ARSIt RS S7iHo] aa
EHA] 2 x—l7]-o}oq F—._o]o]- Z7A0R ;q]_l_o}oﬂq_

o

ol
ESE

2) EAXE| Sy FEE 28 2| M=

BaA g Z47+o] S/48F 5= 110 g gelatin 8.8 g}
allulose 13.2 g& 7loto] #LsHA EFotat. SFHL
T2 (6020 A FEH5to] gelatino] 3] L= %
£ ottt o] SoflE St AEE B0 FU5HA
om, 4+2°C 9] YA 7oA 24 ]{P 2o'=' o} Wztsto] A
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o= Azshgich

3) BM A2 =H|

Azt A0 olsery 2 st S4L B4 9
of Azle} SRFE 12w HE&E EFT T homo-
genizer(T 50 Ultra-turrax, Ika Co., Germany)&
PmO.E 13 9k FABHAZ F ofhste] 24
gstart,

3. AR ST FES Walo| OlsErN S BA
1) pH, BE U BRIC B2 5F

[

[¢]

Az Ao pHE 295} 9Jsto] B4 AR §AS
pH meter(Orion Star A211, Thermo Scientific, Waltham, MA,
USA)Z Z3stect. Bele) 7184 TR I BAAR
288 A g FL A (Pal-1, ATAGO, Tokyo, Japan)Z =7
aho] Brix W9IZ e leh. Ea B4 AR /5 EH
AEE Q57| fJote] &Yd =FS 3,5-dinitrosalicylic
acid(DNS)o] 9J3t v]A o g7 B A5 THChae 5 2000).

AZE A9l M= MX}AH(CR-400 Minolta Chroma
Meter, Konica Minolta Inc., Tokyo, Japan)& A5} Hunter
L*, a*, b* k& WHg SA5ta 11 Hdgte = Yehfiglth
ojuf Z7ofl AHE HE A uh(calibration plate)] 27k
2 Y=82.5, x=0.3189, y=0.32580] it}

AzH A9 ZA L Texture Analyzer(TA-XT plus,
Stable Micro Systemns, Surrey, UK)E ©]-&5}0] Z45I90tt. A
29| At 7= (shear force)= Knife bladeE 2FsH At A]
g 59 SA4ot3 o, =4 AL test speed 2.0 mmysec,
distance 25 mmZ ARt 227 B4 (TPAR 25 mm
stainless steel cylinder probeE AR5} O™ test speed 1.0
mmy/sec, distance 10 mm=Z A sto] =519t

M
A

HAbSE A =T

-+ o

N
o
ML
ok
A

1) oA E2HAKAscorbic acid) &H2F
Ascorbic acid®] T=F2 Park 5-(2008)2] ¥ of whel 24

A& 0.2 mLo] 10% trichloroacetic acid 0.8 mLS 7}5lal LAl
EE7]00A 3,041xg2 587 FAHEYAIX] F ofFfstar o
o 0.5 mLo] 2% metaphosphoric acid 1.5 mL2} 10% phenol
reagent 0.2 mLE E9oto] 4204 1027+ 4] & 760 nm
oI GRS Zstc

2) Polyphenol &letE &zt

Polyphenol S}3H&9] §HF2 Folin-Denis®H-& ©]-&3} =
AolFtt. EAA|H 1 mLof| Folin-Ciocalteu’s phenol reagent
0.5 mL9} 10% Na,CO; 1 mL, 2575 7.5 mLE Agj2 &3¢
sho] 3027 AR £ 760 nmo| A FFEE S50
(AOAC 1995), BZEAZE tannic acidS AM&3HTH

3) Flavonoid =f&tE &t

Flavonoid 3}3HE-9] HFS 10% aluminium nitrate 24 H
(Moreno 5 2000)°] w2} S5ttt &4 A& 0.9 mLoj
80% ethanol 0.5 mLE 7|5k &3F6l & o] &3t (0.5 mLoj|
10% aluminium nitrate 0.1 mL, 1 M potassium acetate 0.1 mL
2 80% ethanol 4.3 mLE Z+z} 7}5}ar AF-20]| 4] 4087 W]
gt F 415 oA FFEE AT EEEAEE
querceting AR&-5}F1 T}

kst

i

8

o
0ok
ol

1) DPPH Radical &S
DPPH radical 4752 Blois MS(1958)2] W2 %315}o]
S5t 308 S]Aet Ae] &Y 2 mLof| 0.2 mM DPPH

BN 2 mlE H7F R ST T, A2 YA 302 S
AlA 517 nmof| Al FFeE SR

2) ABTS Radical &7

ABTS radical 27452 Re 5(1999)9] ¥HS #isto] =
A5tith. ABTS A]2(2,2’-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid) 7.4 mM3} potassium persulfate 2.6 mM< A %3t
F A& oA 244]7F BHGAIA ABTS * radicalg 443}
At} ¥hS ol E Zro] 1.5 0|5/t HER 2847
3|45 o] AFLslEon, 34 ABTS Al2F 1 mLoj 154] 3
A5t Aa] 220 005 mLE F7}5ET AL FAoA 9087t
WAL & 734 nmof| A B EE SH59ch
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6. SHXzZ

BE APL 33 U Sestidon, A Biinaw
ZH(MeanSD)E LFEFJ 1T} SPSS 26.0(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA) =2 TH-& &
g5to] YA EAHEA] (One-way ANOVA)S AlA|51TL 2}
AT 7H] {94 (p<0.05)2 ASTH ¥, Duncan's multiple
range testS ©]-83lo] AMEHA LS AA|5H T

il a

N

ya
[

. EMe 54 AM2| FEE EE a9 ME HE

5 A2 B EEE Wolelel A2 ) AT
=7 AIE Table 13 At

SRR AET diz2ol Bls) S7iH FEE0] F7H

£ 4BToIN HEL Ao Aol FFS 1Y
t}. E3| proteaseE A 2|3t A (protease Y, protease-
pectinase & protease-cellulase ERRAA )] HEgh2
15.86~19.48 H = 7P 2A Y, Ao R o Fe A
‘& HEFH AT ol= protease #2] FEE0M W2 F=
7} BRIk AW AF(Le 5 20269 $AT HFO2,
g 540l A fEg 0 WgE Ao g wehHr o

Ao ojstoy B4 Ul Alsh B4 155

o5 BE b G ZHeEe) ol T 8l opi
A 59 584 4R &0l 71 23 Yol 9owd, o]

Maillard ¥1-3-0] ZZ=HA 2 @4go] 3td A= wd
Hoh HNE E3 G4 A FE5E J7 A AT 24
Ar3519 01 E3] protease-pectinase E-3FH A 2o A 7}
w2 NS eItk A 2ol 7HY B2
2+ UEUQLT protease’t B 58 53 AEH 45
AT Zho] ulu|slA Z715FH A%t cellulase == pectinase
Aeao] FME= IA F7Fshe AU Lepaus &
(202602 QA FA 7Hg FAHE] 84 AR {8 =
= FET F, olE gd 7|9t Ae] 7Ho] HrleiiS o
Bre TS HAashal, ANEet M= F Zog
5

ZFehsictan sho] 2 ABSh RARE 2FL UrehRsict

AL A9 S 22 Hrleto] Alxgt A9 pH, 7t
874 132 % BT FE ST A= Table 291 Lt
pHE HI2ZoIALE 5672 Yehgon, 4 HYLES
A2 Ao wel 5.31~5.86 HYZ protease-pectinase E3+ G
2AFTZ AYstale kol Hlste] tha ¥ pHE B

Table 1. Color characteristics of jelly supplemented with enzyme-treated defatted perilla seed residue

Value Treatment
Control Protease Cellulase Pectinase Protease-cellulase  Protease-pectinase
LY 50.07+0.48" 17.9440.57 24.19+0.96° 26.95+0.48" 19.48+0.48" 15.86+0.13"
a 0.28+0.02° 7.78+0.03° 11.81+0.07° 13.48+0.02° 5.62+0.08° 13.61+0.31°
b 3.16£0.06" 4.400.10° 13.090.09° 17.85+0.10° 3.72+0.09° 9.47+0.10°

D27 Values with different superscripts within a row were significantly different (p<0.05).

Table 2. pH, soluble solid content and reducing sugar content of jelly supplemented with enzyme-treated defatted perilla

seed residue

Val Treatment
alue
Control Protease Cellulase Pectinase Protease-cellulase ~ Protease-pectinase
pH" 5.67+0.02° 5.61+0.02° 5.3120.02 5.58+0.01¢ 5.42+0.02° 5.86+0.02°
Soluble solid :

© ‘(lBemf)o ! 4.7320.06° 6.23+0.06° 5.93+0.06° 5.47+0.06" 6.030.12° 6.57+0.06"

Red‘g;z% ’ )Sugar 8.2740.07° 8.8440.05° 9.29:£0.24° 8.510.10° 9.31:0.08" 10.07£0.12°
0

D 2T yalues with different superscripts within a row were significantly different (p<0.05).
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Rom, cellulase & 2]Fo] 7 W2 pHE HYth o= &
Ao o5t R 7R 5282 4714 59 SEE
o] 37| WEQN Ao k=], Lee 5(2026)2] A+
Ael A5kt

18K TP

rlo

ZTEL 473 °BrixH O 44T

222 Wi AZT ABFES xzo] ul3) oi5o.
2 3A =715kt E3] protease-pectinase E3HE AR 2]t
(6.57 °Brix)0] F9]8 02 71 A UERth ol S/
Wi E84 1A JEE0] 7HA 1Y E 5o 81
Aoz fojo] & a&o| SUistd Zog wEIth
AT o I 7HA B =] A} FAfSHA ma
Aol sl oA o g F7F5kATHp<0.05). 272l T
Z e 827 mg%P o, HEAAE FEE AVAEL
8.51~10.07 mg%2] HMYAE UEtH et &= A= FoA
+ cellulase 227} 9.29 mg%hE 7HF =2 2 Hl=H],

Ol cellulase”} S7H4F 73 HFde 937

-

m o

21.7% Z715t =X|o|t}. ZEA O & protease-pectinase =t
54 A2 A B2 Sl 9 2hed wede) 327 7}
FEof = o] 2&o] AZE I RO gAY TR 7T &
oo 82 2 AR Ao BREgIth B e
A2lg o7 o) Yasiol AR WM i} Lee
5(2026)2] E7Ho] AAA S o] FEE2 2t ¢
A3hsiet.

E7EF 58-S H7Isto] A Z5 A o] At
3} JB ere =243 ZAal Table 33 Zth

Ascorbic acid $HF thR(201.36 mg%)d} B| w5}
protease A 2]4(326.36 mg%)T} protease-cellulasex(314.04
mg%)°l A A 0= =2 Fh2 U ATH BHA pectinase
A2 27 92l Apo]E HolA| ¢o}, ascorbic
acid®] T 7ol & TS HolA+= gE AeE wo
=31t

Polyphenol 3}$HE9] 3He o 274(18.24 mg%)ol H]3f
protease 7% £33} 4 X2 protease-cellulasew(70.72
mg%)¥} protease-pectinasew-(68.26 mg%)°l|A] A0 2 =
< TS UGl o] 23t A3 protease Ao S|
S70EF R Tl -2ty Fgd JEo] Kot avtE
oF &&F7] HEOE WHE T, protease 718 A4 A
g7t 71578 A2 &5 ¢ T AFE W 384N IF=
u)Z Zo7 ALY,

HFH, flavonoid S}gHE9] FFS AT F FH
A= YA g Ao = Y E7iH a4
& Hofl flavonoid 2FHE2] gFo] 7] o] A5
oAM= FARRE 3 Ao HHEATH

N
-

o
12 e o
o

4. &itst 2o

B A S8 FE2ES H7toto] Axg A9 g
Z a7 B4S ST 2= Table 491 2t

2ot Azlo| A Q] DPPH gtt]Z A 752 37.67%, ABTS
gz AASE 2729%E 7P Wkou, BE aA AT
oA gAtst EAdo] FoH 0 R A YEHHTHp<0.05). 39
DPPH )7 A75-< protease-pectinase 4] 2ol 4] 67.07%
2 7H =4 Yerst e, ABTS 2ttjzh 4752 protease T
d A2ZolA 64.64%2 7 =& BHE e F
&g BF txo) v fHeE w2 e Bt
o]= A H (Lee S 2026)2] Sfdlo] A2 SHAkst B

Table 3. Contents of ascorbic acid, polyphenols and flavonoids in jelly supplemented with enzyme-treated defatted perilla

seed residue

(unit: mg%)

Treatment
Value Control Protease Cellulase Pectinase Protease-cellulase  Protease-pectinase
Ascorbic acid” 201.3646.19° 326.364+4.04 237.61+4.86" 200.46+3.75° 314.04+6.52° 272.96+2.42°
Polyphenol 18.2444.22° 66.59+3.00" 42.2143.70° 12.02+1.37¢ 70.7242.43° 68.264+2.28°
Flavonoid 0.03+0.00" 0.03+0.00° 0.03+0.00" 0.03+0.00" 0.02+0.00° 0.02+0.00

D 27¢ Values with different superscripts within a row were significantly different (p<0.05).
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Table 4. Antioxidant activities of jelly supplemented with enzyme-treated defatted perilla seed residue (unit: %)
Treatment
Value
Control Protease Cellulase Pectinase Protease-cellulase  Protease-pectinase
DPPH" 37.67+3.46° 61.55+0.77° 46.00+2.17° 45.27+1.04° 58.39+3.10° 67.07+0.74"
ABTS 27.2940.50° 64.6440.42° 46.89+1.32° 44.8120.67° 62.69+1.02° 62.13+0.07°

D 27¢ Values with different superscripts within a row were significantly different (p<0.05).

2 o] ol FEEL olgsto] WS Az
2o Mz PAT 42 Y} Dol o A0 B
=] Qi

5 =3z 24

Tk AT SN 2252 Aokl Axe Ao 27
e 24T A= Table 59F 2.

A=t HATE=  protease-pectinase  E-3T A X E] 71}

protease-cellulase E3+E A% B0l A 2 tv] oF 28] =
2 548 Yeifo] f9502 2rkse. ol BEas
Helel o) Aekel A EYA B AW BT
O 2 motE o v, BT 2L A 7 IA
hEsiow, AES 9UE DA W B N
protease-pectinase B A oA 7Y =2 3L e
i

ol st EAHsHE g IHgolA
23 720} Al tdRrt BoEEA, Wi 84 o
%"IET!‘ =i} lj—HHX"I 0a1 /\—]Tﬂ‘,] _Q_ZO] _:_X]Q ;i_Q_i Sxid= ]
t}. Baskaya-Sezer D(2023)— I 7 BAMEO] cellulase S
o] A4E At FEEE AE AXSIUE Wl a4 AT
a7 e da Aol Welo] wjs) A Zst el

>}L

Aol

rlo

Eqfuato] chag

ﬂllﬂl

2} 7p7te] F7bsteAckaL ste] & Aol Ax|shs Aol
oItk 821 A JREL A Az YA Aetelel
A YEYA0t JEgalo] Hrt (UG HESAS P4
3 0% SHMEh ofed TRH Mok A FEo]
Z7Har olUjet AT YA SOl 7)eld 0w %
e

=

O

g

SAEA FE GARIET ZokelA &

o7 ywdtHErh
20 U #E
E71E YA BAMEQl 70l (defatted perilla seed residue)
9] F& JAPo| Y 9 IFEIPIA] AE A EA Y &E 7
=48 grlst7] 915}49] protease, cellulase, pectinaseS T
E= B 54 Aot FE2ES AxSt, 252 FUt
sto] A2 E AR5t on o3ty 4 E4, Akt =

Table S. Texture analysis of jelly supplemented with enzyme-treated defatted perilla seed residue

Treatment
Value Control Protease Cellulase Pectinase Protease-cellulase  Protease-pectinase
Shear force (g)?  202.69+18.99% 180.81+23.21¢ 230.60+30.00™ 192.35+16.66*  239.97+9.90° 284.74+11.80%
Hardness (g)  1,221.84+50.50° 969.84:3.72° 1,009.25+120.60°  994.08+£105.74° 2,227.42494.13*  2,257.95+163.11°
Springiness 0.98+0.00° 0.94:£0.03% 0.93+0.02 0.910.02° 0.96+0.02 0.95+0.02°
Cohesiveness 0.45+0.02° 0.53+0.06" 0.52+0.09° 0.48+0.07* 0.42£0.10° 0.54+0.21°
Gumminess 554.94+45.52° 510.97+53.73° 52844+116.95°  476.03485.02°  1,054.50+£30.57°  1,434.37+41.33"
Chewiness 533.83+43.26° 481.76£53.24° 488.07+96.98° 433.65+68.92° 996.72+45.39°  1328.09+69.54°

D 274 Valuyes with different superscripts within a row were significantly different (p<0.05).
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I 2y 93 2 EARlH 24 A7 S4EF &
EE9 H7t= A9 AAdolA | 2|24

FAe= S7bote Aol AR RS
protease 7|8 E3tRAAE oA polyphenol IH}E W
ascorbic acid2] 3FgFo] thRof| thu|ste] 7MY =A UER
o flavonoid FHE9] T AT 1F & AfolE HolA|
= 4t g, DPPH ¥ ABTS 2tz &Aoo = tx
o+ dHlste] 9%t LS Hol G4 Ao o5)
FARE E4do] A AR Fo= BRA 0T {FAEHS &1l
Shit 227 EoAE G4 Ao o 85H HAEE
o] Aztdl A YEQAE HeFoEN Hret AdEo] &
7¥ot= ARolqdth. ZEA O R protease 7|RF HI AA A
g= 7 14 f8 AR 5 8&2 TR IS
A& W 71582 FAet H atdoln w4t FAHES] &+
E AdAte|E 8} X &7Hse A S et ehed Al
A e R 7|ZARE &8E ZOoE V|td

ZHAle| 2

£ (BT 2025 e WSR2 SHEE] fdow
SERISEANE] 9] X912 Riol ¥ H A G454 thekA| LA
A|(RISE) S22ZA81302] Z 7Y th2025-RISE11-004). F3F
2021 AF(SF)2] U0 2 = AFA O] XS o}
S 712 ATFAAYYTHNo. 2021R1A6A1A03046418).
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Screen Time, Sedentary Behavior, Nutrition Quotient and Weight Status among Elementary,
Middle and High School Students in Chungbuk, Korea
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Abstract

This exploratory cross-sectional study examined screen time, sedentary behavior, Nutrition Quotient (NQ) and weight status among
221 elementary, middle and high school students in Chungbuk, Korea. Weight status was recalculated from self-reported height and
weight using the sex- and assumed-age-in-months-specific body mass index LMS values of the 2017 Korean National Growth Charts.
Groups were compared using Kruskal-Wallis and Fisher’s exact tests, and associations with weight status were estimated by binary
and ordinal logistic regression adjusted for sex and school level, with Bonferroni correction for multiple testing. Total screen time
increased across school levels (elementary 220.8, middle 390.4, high 418.7 min/day; p<0.001), whereas sedentary time did not differ.
Overweight and obesity combined affected 29.0% of the students and increased with school level (p=0.007). Total screen time differed
by weight status (p=0.002) and showed an increasing trend across categories (p<0.001), but this association was attenuated after
adjustment and no longer significant; school level was the dominant correlate (high vs elementary, p=0.005). NQ was not associated
with weight status. The apparent association between screen time and weight status appears to be largely explained by school level
and should be regarded as hypothesis-generating.

Key words: screen time, sedentary behavior, Nutrition Quotient, obesity, adolescents
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AA HRHEAIS, HTHo] 29.6%= FAME 0], & - H AY NQ)9 d3te stwgHE motslar, AT A 2017 Aof
(34.4%)} TA] A9 (28.7%) 7+ ARE ZR1E Y TH(Ministry Fad AR5 A-Eoto] HAET HTEe} o] W
of Education & Korea Disease Control and Prevention Agency o] HHAAE FFoZ AW E A} 59T FAHoZ E
2024). FAd7] TR Q17| H|FEC R o]ojd ThsAo] A9 FA2 Stugo] TE J717] AREAIRE FHAAL
3, DEY Py AW AR 5 2] Wy W RS YA L HIThE 2E0| Aol S Thefel, HRhe o
AolzE7, RAY A BT glnA B4 5 A 02 HUST weol Aolg dEY ¥, Ul due
4 - QNS BAZ olold 4 ATkPak SY 2010; Pk BT BARYES o vTESt HUST WY By
& i 2023). g 2T, BT A9 B9l A4 Hw v 74 o
OFf - HAWIS) RYHT AT REY AAVEL T AAS A BUH /|2ARE ATHE o A
W A7ex

Hgke] 9 9@ aQlo=® d2A Ut 4
Aol = = 5 o] ok AAEL |9 39.7%, o4t
A 2.6%H3L, F 33 oY HAEFE e I
29.2%, oJSHY 24.4%% YERGTHMinistry of Education &
Korea Disease Control and Prevention Agency 2024). Chong 5
2023y oFA] H1T7}F #2545 Fad JFATNQARE F
JRE 4] do| e ARe sl AALE e
Rl 517 60k, 259 o4 AIH2E AHgo] Wt
1§ 24.6% oIS 92%0] AT, Sy B ole) HAXZHS
%% 206, 7% 32280 Foj AALE Al7o] MikHoR
HZ3E 7108 YUEYH(Ministry of Education & Korea
Disease Control and Prevention Agency 2024). O]= AULE

R TV B 279 A8AT] F710} H4] Ao

A3} AARES 29} otiA] 47 BE02 oo},

=
2
Bad v 2R PoHA71E BB 89108 AT
g'\_

T o=

[\

WRITHKim 5 2021; Hong SH 2023).
= o= o AFoA = AA &
ot Fad FUATNQAE BIILSHHA TV - AUEE
S AA7N7] AHEAITEE ZEeE 34 8R1% 94| H7Feked
TH(Choi - 2021). 1&|u 712 A= Y stug A=) &
AEAY 4 A7 A= gt Sag Agte] o wsket
AAL A - FA g AT S - HTEE 5He] S04 H]
W37] o# it AAEA7|HWHOR= 4] 53 231
ARgOl A - DEE Juske JOoif(World  Health
Organization 2020), =U] 2| Q 7|8t RFFof|A o] JLIR|$
NQ2}F &7 582 o=z Ay A= ofHd3] Aghdoltt.
oo £ A4= THEE IdF A9y =2 - F - 15w
S Ao E 47171 ARBAIRE, FHAAZE, AT

OITIHA &

0%
It

1. ZALCHA & 7|24

2 A7E HERA E7E NI 5, 20239 1197 H
20249 197HA] SHEENSH Y 2 - F - A5
At 3Rl S tFo R HERARS AAISHIT. 24
= A @27} o] Folxl St g e R SR FolAet
A izt oH, HAHERIEHR) 5E T2 oY
g AL ofste s Sholnt. ot S ERlojA 24

Qick. AR A B 15t Shask st 4
oZ RAHA7] Eo] HHEZ(convenience sampling)S]
544 stag 9 shdd of QlYo] 455k st &
5| 255HY9] A9 A 921 F 38hdo] 727 (78.3%) 0.2
20 u122 Xxsto] S 7 Hao] AT WHo] ekt
Ch(Table 1). ol 2t HE-2 2] 253H49] shdd Q17 7

Shd 9] Shgo] FAb] o

& AolA AR dEAle Aol 20229 P4
QAW EAR Bk Fste] TAISHEC R (Ministry of
Education & Korea Disease Control and Prevention Agency
2024), A DHEE AR, AFSWIFAS), 9771 AE
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Table 1. General characteristics of the subjects (N=221)
School types isher'
Variable 1 > P : Total Fishers * ramer's v
Elementary" Middle High N (%) exact p
Male 40 (43.5) 15 (53.6) 49 (48.5) 104 (47.1)
Gender 0.5972 0.068
Female 52 (56.5) 13 (46.4) 52 (51.5) 117 (52.9)
i Yes 38 (41.3 19 (679 79 (782 136 (61.5
Attempted we%ght (41.3) (67.9) (78.2) (61.5) <0.001 0358
control (exercise) No 54 (58.7) 9 (32.1) 22 (21.8) 85 (38.5)
Attempted weight Yes 10 (10.9) 13 (46.4) 65 (64.4) 88 (39.8) 0.001 0513
.. <0. X
control (dieting) No 82 (89.1) 15 (53.6) 36 (35.6) 133 (60.2)
Ist 3 (33) 8 (28.6) 44 (43.6) 55 (24.9) Not tested”
2nd 5 (5.4) 16 (57.1) 46 (45.5) 67 (30.3)
3rd 72 (78.3) 4 (14.3) 11 (10.9) 87 (39.4)
School year
4th 7 (7.6) - - 7 (3.2)
5th 2 (2.2) - - 2 (0.9)
6th 3 (3.3) - - 3 (1.4)

DN (%).
2 By Fisher’s exact test.

3 Grade categories are not comparable across school types; therefore not tested.
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Table 2. Screen time and sedentary time by school level (N=221)
School types
abl - - Total 2 £ 24 hoe?
Variable Elementary Middle High (N=221) H (p)” Bonf. p € Post hoc
(N=92)" (N=28) (N=101)
Search/chat/social 37.0£73.0 117.5493.7 166.8+109.6 106.5+111.5 98.26 <0001 0442 E vs M,
media (min/day) 9.3 (0.0—44.6) 96.4 (60.0—155.4) 150.0 (72.9—220.0) 70.0 (15.7—167.1) (<0.001) ’ ’ E vs H
Watching videos or ~ 104.8+102.3 142.3+97.0 159.3+128.3 134.5+116.7 17.31 0.001 0,070 Evs M,
TV (min/day)  77.1 (39.6—130.7) 1154 (71.8—187.5) 128.6 (77.1—207.1) 102.9 (60.0—171.4) (<0.001) ’ ’ Evs H
Games, PC/console 79.0+166.7 130.6+89.5 92.7495.5 91.8+129.9 17.52 <0001 0071 I;; \;SS II\{/I’
(min/day) 38.6 (17.1—77.1) 115.7 (60.0—187.9) 62.9 (8.6—137.1) 60.0 (17.1—1200) (<0.001) ' M v B
Toﬁns:zzzzng?e’ 220.8+265.1 390.4+173.9 41874232.9 382579 7132 oo EvsM,
. 154.3 (83.4—233.6) 348.6 (244.4—507.1) 360.0 (242.9—517.3) 257.1 (164.3—431.4) (<0.001) ’ ’ Evs H
(min/day)
Sed:::zzym;me’ 196.0+217.1 202.1+144.9 186.3+176.7 192.34190.5 124 000
. 140.7 (42.9—282.9) 184.3 (70.0—331.1) 128.6 (60.0—300.0) 142.0 (60.0—300.0) (0.539) ’ ’
(min/day)
Sedentary time,
. . .9+106. 2+110. . . .
non-academic 163.2+158.2 144.9+106.7 162.2+110.0 160.5+131.5 2.08 1.000 0,000

(minday) 1200 (67.171904) 12211 (786-206.1) 1500 (829-2143) 137.1 (7.1-2071) (0353)

Y Values are presented as meantSD and median (interquartile range).

? By Kruskal-Wallis test.

) Bonferroni-corrected across the six screen-time and sedentary-time variables.
9 Epsilon-squared effect size.

% Pairwise comparisons by Dunn’s test with Bonferroni correction for the three school-level comparisons within each variable. Only

statistically significant pairs are shown. E, elementary school; M, middle school; H, high school.

o 2 FobE 5k 7 Aol foekA) elokth Al W Wl 29.0%gith 250t
4

Y olg Al ol M

A= AAZ 5(5.4%),

gov, RE stwd 7k o] TAF 9FO.8%), BT 69(6.5%)°] I gich. o]t 2023
7 Sofsteirt. A SAGAAT BEEANA BuE 2

A= |

W 1 B4 9 S 9] 54 UG Sl tE A WEkE 296k S5 EolekMinisy of Eduction &
F9J5t Aot YPATHZZ A p=1.000). wEkA ShaFo] Korea Disease Control and Prevention Agency 2024). St &

u} Hshs £ 47171 ARAIRl= Zel 7t AUAI, = 25 BAIS 9.8% - HITF 6.5%, 9] LAIF
A7) AL FHAA TR A= shalg 7 2ol 7} ERRIE|A] kgt 17.9% - 1|9t 14.3%, 115339 THA|S 14.9% - H|TE 24.8%
2, Stugo] EopdaE HTt Hgo| F715F3lt(Fisher-

3. H|2tz 2 5 Freeman-Halton 347 p=0.007, Cramér’s V=0.191). &=

=

=
AV - AS LA A, A iRt A Al o =3TdEE A p=0.030).
FOoREE APBLIH 2017 LoP4E HPEE Y A

A 23 71E Y HRhe §i5e) ARtR Y] = 9 HAF - vt H]E0] 35.6%% oA 23.1%H
Q] X
=

2 - APE LMS ASE 285t BT EE HA] AESIA 4. HIZH=0]| [HE HAT17| ARSAIZE ZHAAIZE RIO] 24
o AAREet BT 23 = Table 300 AAISHAATE A 221 Zn}
g T AAS 87(3.6%), B 14978(67.4%), HAIF2 v o] wE FA717] ARGAIZE A Az B

2978 (13.1%), HITH2 357 (15.8%)°] A 2™, HA|FH BT I ZI= Table 40] A|ASIAT. AlZPHS] £3E27F S-HF
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Table 3. Distribution of weight status by school level, reclassified using the 2017 Korean National Growth Charts (N=221)

School types .
Weight-status" 2 - Total Fisher's exact p”  Cramér's V
Elementary N (%)”  Middle N (%) High N (%)
Underweight 554 1 (3.6) 2 (2.0) 8 (3.6)
Normal 72 (783 18 (64.3 59 (584 149 (674
(782) (643 S (674 0.007 0.191

Overweight 9 (9.8) 5 (17.9) 15 (14.9) 29 (13.1)
Obese 6 (6.5) 4 (14.3) 25 (24.8) 35 (15.8)

D Based on BMI-for-age percentiles: underweight, <Sth; normal, 5th-<85th; overweight, 85th-<95th; obese, >95th.
2N (%).
3 By Fisher’s exact test.

Table 4. Screen time and sedentary time by weight status (N=221)

Obesity category

. Bonferroni JT z Bonferroni
Variable Underweight Normal Overweight Obese H (p? 3) e (p for trend)” 7
(n=8)" (n=149) (n=29) (n=35)
43.1£61.6 97.1£113.1 129.2+104.9  142.3£108.9
Search/chat/social 11.75 3.38
. . 5.4 60.0 4.3 137.1 0.050  0.040 0.004
media (min/day) o 7 (0.008) (<0.001)

(0.0—77.1)  (10.0—137.1) (55.7—197.1) (49.3—234.6)

127.3+60.0  117.7+101.2  186.8+143.7  164.2£146.1
Watching videos or 11.93 2.60
. 132. . 171.4 120. .04 .041 X
TV (min/day) 329 85.7 7 0.0 0.046 0.0 0.056

(87.9-1650) (60.0—147.1) (77.1-231.4) (689—2062) (008 (0.009)
10024564  84.0+139.8  142.5£140.8  80.9+67.2

Game(fl’ﬁ:/i;“;““’le 102.9 514 137.1 77.1 (567353) 0.197  0.027 (01'13902) 1.000
Y (129—1329) (17.1-943) (30.0—2100) (193—122.1) :

1 + -+ -+
Total screen time, 270.6+154.2  298.84256.5  458.5+303.3  387.4+201.7 18.63 384

non-academic 265.7 2229 4114 367.1 0.002  0.072 <0.001

< <
(minday)  (1252—3793) (1543 —3514) (257.1—660.0) (2393 —513.6) 000D (<0.001)
_ 2386£129.9  177.0£1792 243442452 204.4+195.3
acizgz?::r(ym:?dz , 289 1286 171.4 1243 (;'1887 o 1000 0009 ((? 47805) 1.000
) (1157-327.9) (51.4—2664) (75.0—3514) (557—3155) - :
Sedentary time, 15124758 148251122 23102142 156341146 .

non-academic 167.1 124.3 174.3 145.7 1.000  0.002 1.000
(min/day)  (1114—182.1) (7.1—195.7) (943—2829) (68.6-227.1) (22D (0:306)

" Values are presented as meantSD and median (interquartile range), min/day.

? By Kruskal-Wallis test.

3 The six Kruskal-Wallis p values and the six Jonckheere-Terpstra p values were Bonferroni-corrected separately within each test family.

9 Epsilon-squared effect size.

% By Jonckheere-Terpstra (JT) test for an ordered trend across the weight-status categories.

5 No pairwise post-hoc comparisons were conducted for Table 4; interpretation was limited to the overall Kruskal-Wallis test and the ordered
Jonckheere-Terpstra trend test.
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Flo] ZYHE SAOR 7|&stgon, HTtE HE 7 M
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Tt &=Aof] whE AL Jonckheere-Terpstra 73 02 B3}
ek oA gl HeiM= F HALEE ZH2 Bonferroni
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s S8 ALY AA 7171 ARAIREY] FFE
AR 265,75, BATE 22298, A FTE 41145, BT
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5. HIZH=0]| S FAX|FHNQ) X

HRtEo] g FIAIT SEI Mo BEE Table 50|
AAsHATE AA 221704 FHAG 49 559 vl
AR ST 50.0%, B 50.3%, LAGT 41.4%, H|9HE
543%= BT RS 2 o3t Zol7t gldch(Fisher-
Freeman-Halton &-H% p=0.118, Cramér’s V=0.155). 1271

Table 5. Nutrition quotient grade and score by weight status (N=221)

Nutrition quotient grade

Weight-status . - - Total Fisher's exact p? Cramér's V
Low N (%)”  Medium N (%)  High N (%)
Underweight 3 (37.5) 1 (12.5) 4 (50.0) 8
Normal 13 (8.7) 61 (40.9) 75 (50.3) 149
) 0.118 0.155
Overweight 3 (10.3) 14 (48.3) 12 (41.4) 29
Obese 6 (17.1) 10 (28.6) 19 (54.3) 35
NQ score” Underweight Normal Overweight Obese H p4)
NQ-C, elementary (n=92) 70.23+13.61 67.60+11.69 57.92+£11.92 62.57+14.44 6.22 0.101
NQ-A, middle/high (n=129) 53.36+20.83 58.4249.13 60.23+10.21 57.82+11.66 1.37 0.711

YN (%). Grades were derived by applying the official cut-offs to the total Nutrition Quotient score (NQ-C: <53.308, 53.308 —70.729, >70.729;

NQ-A: <44.007, 44.007—58.593, >58.593).
? By Fisher’s exact test.

9 Mean+SD. NQ-C and NQ-A are separate instruments and their scores are not directly comparable, so they are summarised separately.

9 By Kruskal-Wallis test.
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Table 6. Partial Spearman rank correlations among screen time, sedentary time and NQ-A score among middle and high

school students, controlling for sex and school level (N=129)

Variable" 1 3 4
1. Total screen time 1 - -
2. Sedentary time +0.069 i i
(academic) (0.442) [1.000]
3. Sedentary time +0.345 +0.179 | )
(non-academic) (<0.001) [<0.001] (0.044) [0.261]
—0.010 —0.065 +0.098

4. NQ score (0.912) [1.000]

(0.471) [1.000]

(0.275) [1.000]

D Values are partial Spearman rank correlation coefficients controlling for sex and school type. (), p value; [ ], Bonferroni-corrected p

value.

The primary correlation analysis was restricted to middle and high school students because NQ-C and NQ-A are different instruments. Values
are partial Spearman rank correlation coefficients controlling for sex and school level. Parentheses indicate unadjusted p values and brackets

indicate Bonferroni-corrected p values.
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Table 7. Logistic regression for overweight or obesity versus normal weight (N=213)

Predictor” Model 1 ) » Bonferroni p” Firth OR4) Model 2 5 »
OR (95% CI) (95% CI) OR (95% CI)
Total screen time (per 1 h/day) 1.078 (1.004—1.157) 0.038 0.114 1.076 (1.003—1.155) 1.046 (0.969—1.130) 0.250
Sedentary time, academic

gzr | h/day) 1.099 (1.001—1.206) 0.047 0.142 1.096 (0.999—1.202) 1.066 (0.966—1.177) 0.203

Sedentary time, non-academic
arz]per 1 hiday) 1.156 (1.013—1.319) 0.031 0.094 1.151 (1.010—1.313) 1.099 (0.950—1.273)  0.204
Female (ref. male) - - - - 0.498 (0.264—0.941) 0.032
Middle school (ref. elementary) - - - - 2.168 (0.769—6.117) 0.144
High school (ref. elementary) - - - - 2.961 (1.392—6.299) 0.005

Y Underweight subjects (n=8) were excluded. OR, odds ratio; CI, confidence interval.

? Each exposure was entered separately, adjusted for sex and school type.

3 Bonferroni-corrected for the three exposures.

9 Firth’s penalized-likelihood estimate.

3 All three exposures were entered simultaneously, adjusted for sex and school type.

The 95% confidence intervals are unadjusted for multiple testing; statistical significance for the three exposure variables was evaluated using
the Bonferroni-corrected p values shown separately.

Firth 2428 3l7i9} Anpise] o8 eidt ugs
Hol M= Aubgel AEe SUstdch. vgtE 4 wF

ool [

o18% £4Y ZALY AALLANNE G717 ALGARE  EYA BAHS Bolx) elgkek. ke HlvhEet folat 7
3} HAAZEL vghEe} SO BRAHS HolA gokon],  AYS BIloLh B AT Fuba MAROR QAL 2
alA| ez 7199 Qs SlslA] Qhgek(Table ) 2919 4t JolEE B £k g Aoz Balrk

Table 8. Ordinal (proportional-odds) logistic regression for weight status (N=221)

Model 1 Model 2
Predictor” (each exposure separately) )4 (all exposures) P Proportional-odds check?
OR (95%CI)” OR (95%CI)”

Total screen time (per 1 h/day)  1.056 (0.990—1.126) 0.096 1.036 (0.966—1.112) 0.324 X>=2.95, df-4, p=0.566

Sedentary time, academic 1.057 (0.972—1.150)  0.193  1.031 (0.944—1.126) 0494  x>=4.03, df=4, p=0.401

(per 1 h/day)
Sedentary time, non-academic _ _ o
(per 1 hiday) 1.105 (0.984—1.241) 0.092 1.064 (0.934—1.212) 0.352 X?>=3.08, df<4, p=0.545
Female (ref. male) - - 0.782 (0.440—1.389) 0.402 -
Middle school (ref. elementary) - - 2.072 (0.805—5.331) 0.131 -
High school (ref. elementary) - - 3.169 (1.598—6.283) <0.001 -

D Weight status was modelled as an ordered outcome (underweight<normal<overweight<obese). OR, odds ratio; CI, confidence interval.

? Each exposure was entered separately, adjusted for sex and school type.

9 All three exposures were entered simultaneously, adjusted for sex and school type.

9 By comparison of exposure coefficients across the cumulative logit models; no violation was detected in the multivariable model (x?=5.48,
df=6, p=0.483).
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Abstract

This study evaluated the effects on nutritional composition, mineral content, starch structure, gelatinization behavior, and
microstructure of supplementing noodles with 0%, 5%, 10%, 15%, and 20% germinated black quinoa (GBQ) powder. Proximate
analysis showed that crude protein, fat, and ash contents increased with increasing GBQ levels, whereas carbohydrate content did
not differ significantly among samples. Mineral analysis showed that Fe, Zn, and Mg contents increased whereas Na content decreased
with increasing GBQ levels. X-ray diffraction analysis showed similar diffraction patterns among all samples, with a major peak
within the 26 range of approximately 19.8~20.5°. Rapid visco analyzer results indicated a reduction in pasting temperature in the
GBQ groups. Peak viscosity tended to increase in the 5~10% GBQ groups but tended to decrease in the 20% GBQ group. Breakdown
viscosity tended to increase, whereas setback viscosity was the highest in the 5% GBQ group and tended to decrease with increasing
GBQ level. Scanning electron microscopy revealed greater pore formation and structural irregularity on the surface and cross sections
of noodles with increasing GBQ supplementation. Overall, supplementation with 5~10% GBQ powder enhanced protein and mineral
contents while providing favorable rheological properties with only minor microstructural changes.

Key words: germinated black quinoa, noodle, nutritional composition, rheological property, electron microscopy

Introduction

Quinoa (Chenopodium quinoa Willd.) is an ancient crop that
originated from the Andes region of South America, particularly
in Bolivia and Peru, where it has been -cultivated for
approximately 3,000~5,000 years (Lee JH 2007; Lee et al. 2018).
Quinoa seeds are rich in high-quality protein, minerals, vitamins,
and polyphenolic compounds (Navruz-Varli & Sanlier 2016;
Jeong & Sim 2020; Barakat et al. 2022). In addition, quinoa
seeds are naturally gluten-free and have been reported to exhibit
various physiological activities, including antioxidant, anti-
inflammatory, and hypoglycemic effects (Graf et al. 2015).
Consequently, quinoa has been incorporated into various
cereal-based foods, including noodles (Demir et al. 2017;
Barakat et al. 2022). Colored quinoa generally contains higher

levels of phenolic compounds and exhibits stronger antioxidant

activity than white quinoa. In particular, black quinoa is rich in
phenolic acids and flavonoids and exhibits strong antioxidant
capacity (Tang et al. 2015; Zhang et al. 2024). In our previous
study, black quinoa exhibited the highest phenolic content and
antioxidant activity among the colored quinoa cultivars
evaluated. Therefore, black quinoa was selected as the raw
material for this study.

Noodles are widely consumed because of their convenience
and simple preparation and are typically made from wheat flour,
water, and salt (Kong & Lee 2010). Gluten is essential for the
viscoelastic properties and structural integrity of wheat noodles
(Joung et al. 2017). However, gluten may cause adverse
reactions in individuals with gluten sensitivity (Nam et al. 2015).
Owing to its naturally gluten-free composition, quinoa has
emerged as a promising alternative to wheat flour (Foste et al.

2014). However, replacing wheat flour with gluten-free quinoa

' Corresponding author: Ki Hyeon Sim, Associate Professor, Dept. of K-Food Studies, Graduate School of K-Culture, Sookmyung
Women’s University, Seoul 04310, Korea. Tel: +82-2-2077-7475, Fax: +82-2-2077-7475, E-mail: santaro@sm.ac.kr

- 171 -



172 Honey Seol and Ki Hyeon Sim AEITETA|

may adversely affect the rheological properties and structural
quality of noodles due to dilution of the gluten network (Arendt
et al. 2008; Cappelli et al. 2020; Mu et al. 2023).

Germination induces nutritional and physicochemical changes
in quinoa by activating endogenous enzymes. In quinoa,
germination  increases vitamins, amino acids, phenolic
compounds, and minerals while reducing antinutritional factors
such as phytic acid and enhancing a-amylase activity (Goh HK
2016; Barakat et al. 2022). Xing et al. (2021, 2023) reported that
the incorporation of germinated quinoa into wheat flour diluted
the gluten matrix and induced structural discontinuities, thereby
weakening the rheological and structural properties of
wheat-based products. In particular, enzymes activated during
germination are likely to alter the structure of starch and protein,
which may impair noodle-making properties.

Therefore, it is important to determine an appropriate
substitution level that maximizes the nutritional benefits of
germinated quinoa while maintaining acceptable noodle quality.
Although previous studies have investigated the nutritional and
functional properties of germinated quinoa, few studies have
evaluated the application of germinated black quinoa in wheat
noodles and its effects on nutritional composition, rheological
properties, and microstructure. Accordingly, this study aimed to
investigate the effects of substituting wheat flour with different
levels of germinated black quinoa (GBQ) powder on the
nutritional composition, rheological properties, and micro-
structure of wheat noodles. These findings provide fundamental
information for developing nutritionally enhanced wheat noodles

supplemented with GBQ powder.

Materials and Methods

1. Materials

The black quinoa (Alter Eco Co., Ltd, La Paz, Bolivia) used
in this study was purchased as an organic product from a
domestic online retailer and used in the experiments. In addition,
the ingredients used for noodle preparation, namely bread flour
(CJ Corp., Seoul, Korea) and salt (Secret 5000, CJ Corp., Sinan,

Korea), were purchased from a local supermarket in Seoul, Korea.

2. Manufacture of germinated black quinoa powder

The germination conditions for quinoa were standardized
through multiple preliminary experiments, with reference to the
methods of Alvarez-Jubete et al. (2010) and Hager et al. (2014).
Black quinoa seeds, 100 g each, were washed with distilled water
and soaked in distilled water at 20°C for 2 h. The soaked seeds
were then placed in a sprouting tray (Sprout cultivator, Asia seed
Co., Ltd, Seoul, Korea) and germinated in a low-temperature
incubator (SH-75BW, Balmann tech., Seoul, Korea) at 20°C under
dark conditions. The germination period was 72 h. During
germination, distilled water was sprayed onto the seeds at 3 h
intervals while maintaining a constant temperature of 20°C, and
the water in the drip tray was replaced every 7 h to prevent
spoilage. Germination was terminated when the sprouts reached
a length of approximately 50 mm. The germinated quinoa was
freeze-dried (Bondiro MCFD 8508 Freeze Dryer, Ilsin Co., Ltd,
Seoul, Korea), ground using a mill (Ika MF10, Ika-Werke Gmbh
&. Co., Kg., Staufen, Germany), and passed through an 80-mesh
standard sieve (Testing sieve, Chunggye Sanggong Co., Ltd,
Gunpo, Korea). The resulting powder was stored at —70C until
further analysis (NF-400SF, Nihon Freezer Co., Tokyo, Japan).

3. Preparation of noodles supplemented with germinated
black quinoa powder

The formulation of noodles supplemented with GBQ powder
was standardized through multiple preliminary experiments based
on the methods reported by Kong & Lee (2010), Lee & Lee
(2011), and Heo et al. (2014). The formulation ratios are presented
in Table 1. Composite flours were prepared by substituting wheat

Table 1. Formula for the preparation of the noodle made
with germinated black quinoa powder

Ingredients Samples (%)
(8 0 5 10 15 20
Wheat flour 100 95 90 85 80
GBQ" powder 0 5 10 15 20
Salt 3 3 3 3 3
Water 45 45 45 45 45

Y GBQ: germinated black quinoa.
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flour with GBQ powder at levels of 0%, 5%, 10%, 15%, and 20%
(w/w). For noodle production, 45 mL of distilled water (pH 6.40,
21C) and 3 g of salt were added to 100 g of composite flour.
The dough was kneaded using a dough mixer at speed 2 (71 rpm)
for 2 min, speed 4 (89 rpm) for 3 min, and speed 7 (135 rpm)
for 5 min, for a total of 10 min. The prepared dough was placed
in a polyethylene bag and allowed to rest at 20C for 2 h. The
dough was then processed using a fully automated pasta machine
(MD-150, Shule, Jiangsu, China) to produce a dough sheet with
a roll gap of 7 mm. The sheet was subsequently laminated through
sequential rolling stages: once through roller 1, twice through
roller 2, twice through roller 3, and twice through roller 5. Finally,
fresh noodles with a thickness of 1.5 mm, a width of 7 mm, and
a length of 25 cm were produced.

4. Nutritional analysis of noodle dough supplemented
with germinated black quinoa powder

1) General components

The general composition of noodle dough supplemented with
GBQ powder was analyzed according to AOAC methods (AOAC
2005). Moisture content was determined using an infrared
moisture analyzer (MB45 Moisture Analyzer, Ohaus Co., Zurich,
Switzerland). Crude protein was quantified by the Micro-Kjeldahl
nitrogen determination method using a Kjeltec 2200 analyzer
(FOSS, Hillered, Denmark). Crude fat content was measured
using the Soxhlet extraction method with an automatic crude fat
extractor (Soxlet Avanti 2050, FOSS, Hillered, Denmark). Crude
ash content was determined by direct combustion at 550~600C
using an electric combustion analyzer (LEF-105S, Daihan
LabTech, Namyangju, Korea). Carbohydrate content was
calculated by difference, as the percentage of total content minus

the sum of moisture, crude protein, crude fat, and crude ash.

2) Mineral content analysis

The mineral content of noodle dough supplemented with GBQ
powder was determined by microwave-assisted wet digestion
using a microwave digestion system (C900, Ctrl-M Scientific,
Cerritos, CA, USA) according to the method of Oles & Graham

(1991) with minor modifications. Briefly, 0.1 g of sample was
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mixed with 3 mL of 2% nitric acid and distilled water and
allowed to stand for 30 min. The mixture was then digested in
a microwave at the following conditions: 100C, 1,300 W for
5 min; 140C, 1,200 W for 10 min; 160°C at 1,200 W for 10
min; and 200°C, 1,200 W for 20 min. The digested solution was
transferred to a 50 mL volumetric flask and diluted to volume
with distilled water prior to ICP-OES analysis. Mineral content
was measured using an inductively coupled plasma-optical
emission spectrometer (ICP-OES, Optima 8300, Perkin Elmer,
Waltham, MA, USA) under the following conditions: radio
frequency power, 1,300 W; plasma gas flow, 12 L/min; auxiliary
gas flow, 0.2 L/min; and nebulizer gas flow, 0.65 L/min. The
emission wavelengths used for each mineral were: 317.933 nm
for calcium (Ca), 766.490 nm for potassium (K), 213.618 nm for
phosphorus (P), 238.204 nm for iron (Fe), 285.213 nm for
magnesium (Mg), 213.857 nm for zinc (Zn), 259.373 nm for
manganese (Mn), and 589.592 nm for sodium (Na).

5. Evaluation of the rheological properties of noodle
dough supplemented with germinated black quinoa powder

1) X-ray diffractometer (XRD) measurement

The X-ray diffraction patterns of noodle dough supplemented
with GBQ powder were obtained using an X-ray diffractometer
(Ultima IV, Rigaku Corporation, Tokyo, Japan) equipped with a
Cu-Ka radiation source operated at 40 kV and 40 mA. Diffraction
patterns were recorded over a 26 range of 5° to 60° in continuous
scanning mode with a step size of 0.02°, a scanning speed of
3.0°min, a divergence slit of 1/2°, a divergence height-limiting slit
of 5.0 mm, a scattering slit of 8.0 mm, and an open receiving slit.
The diffraction patterns were qualitatively evaluated by comparing
the positions and intensities of the diffraction peaks.

2) Measurement of gelatinization behavior using a rapid
visco analyzer (RVA)

The gelatinization behavior of noodle dough supplemented with
GBQ powder was analyzed using a rapid visco analyzer (RVA
Model 4, Newport Scientific Pty. Ltd., Warriewood, Australia)
following the AACC (2000) method. Briefly, 3 g of sample (14%
moisture) was placed in the RVA vessel, and 25 mL of distilled
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water was added. The temperature was held at 50C for 1 min,
then increased to 95C and maintained for 2.5 min. The sample
was subsequently cooled to 50°C and held at this temperature for
2 min. Viscosity changes were recorded at 960 rpm during heating
and 160 rpm during cooling. From the RVA viscograms, pasting
temperature, peak viscosity, trough viscosity, final viscosity,
breakdown viscosity, and setback viscosity were determined.
Viscosity values are expressed in rapid visco units (RVUs). RVA

measurements were performed once for each formulation.

3) Microstructure analysis using scanning electron
microscopy (SEM)

To observe the microstructure of noodles supplemented with
GBQ powder raw dough was cooked for 4 min, drained through
a sieve, and cooled under running water for 30 s. The noodles
were then allowed to rest at room temperature for 5 min to
remove excess water. Subsequently, noodles were cut to a
thickness of 1.5 mm and a width of 7 mm, resulting in samples
with a total width of 10~15 mm, and were freeze-dried for 48
h. The freeze-dried noodles were examined using a field
emission scanning electron microscope (S-4700, Hitachi, Tokyo,
Japan) at an accelerating voltage of 10.0 kV and a magnification
of x10,000 to observe the surface and cross-sectional

microstructure. Images were captured for analysis.

6. Statistical analysis

All data were analyzed using IBM SPSS Statistics version
20.0 (IBM Corp., Armonk, NY, USA). Data are presented as
mean =+ standard deviation, where applicable. Statistical analyses
were performed using one-way analysis of variance (ANOVA),
followed by Duncan's multiple range test. Differences were

considered significant at p<0.05.

Results

1. Nutritional composition of noodles supplemented with
germinated black quinoa powder

1) General component content

Table 2 presents the results of the general component analysis

for noodles prepared with varying amounts of GBQ powder.
Moisture content ranged from 39.11 to 41.31 g/100 g, with the

Table 2. Proximate composition of noodles supplemented
with germinated black quinoa powder

Concentration of

Composition GBQ" powder CO(I;:)mS F (p)
(¢/100 g)
0 41.31+0.47%?
5 40.04+0.99"
Moisture 10 39.8240.19°  5.499 (0.013)°
15 39.60+0.71°
20 39.11+0.32°
0 6.64+0.09°
5 6.84+0.06°
Crude protein 10 6.90+0.04> 12.214 (<0.001)""
15 7.01£0.10%
20 7.06+0.17
0 1.03+0.03°
1.18+0.04°
Crude lipid 10 1.4440.08° 164.444 (<0.001)™
15 1.64+0.05°
20 1.84+0.05°
0 3.5240.04°
3.55+0.06™
Crude ash 10 3.650.04°  6.464 (0.008)"
15 3.67+0.05°
20 3.73£0.09°
0 47.41£0.25%
5 48.39+0.97
Carbohydrate 10 4821+0.09  1.603 (0.248)
15 48.38+0.54
20 48.27+0.61

Each value represents the meantstandard deviation (n=3).

Y GBQ: germinated black quinoa.

) 27¢ Values in the same column with different letters are signi-
ficantly different (p<0.05) based on one-way ANOVA followed
by Duncan’s multiple range test.

% No significant differences were observed in carbohydrate content
among the treatments (p>0.05).

p<0.05, “p<0.01, *"p<0.001.



Vol. 39, No. 4(2026)

control group exhibiting the highest value (41.31 g/100 g,
p<0.001) compared with the 5~20% GBQ groups (39.11~40.04
g/100 g). Crude protein content increased with higher GBQ
levels, ranging from 6.64 to 7.06 g/100 g; the 20% GBQ group
had the highest protein content (7.06 g/100 g), while the control
group had the lowest (6.64 g/100 g, p<0.001). Fat content
increased significantly from 1.03 g/100 g in the control group
to 1.84 g/100 g in the 20% GBQ group, representing an
approximately 1.8-fold increase (p<0.001). Ash content ranged
from 3.52 to 3.73 g/100 g, with the highest value observed in
the 20% GBQ group (3.73 g/100 g) and the lowest in the control
(3.52 g/100 g), indicating a gradual increase with increasing
GBQ supplementation (p<0.01). Carbohydrate content varied
between 47.41 and 48.39 g/100 g, but no statistically significant
differences were observed among the samples.

The present findings are consistent with previous studies
showing that quinoa contains higher levels of protein and fat than
wheat flour and that these nutritional characteristics are further
enhanced by germination (Demir & Bilgi¢li 2020; Maldonado-
Alvarado et al. 2023). Accordingly, increasing the substitution level
of GBQ significantly increased the protein, fat, and ash contents
of the noodles, reflecting the high nutritional value of germinated
black quinoa. Demir & Bilgicli (2020) reported that increasing the

proportion of quinoa flour in pasta significantly increased crude

Table 3. Mineral contents of noodle supplemented with
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ash, protein, and lipid contents and that germinated quinoa
contained higher levels of crude protein, crude ash, and minerals
than raw quinoa. Maldonado-Alvarado et al. (2023) reported that
germination positively influences nutrient composition by
increasing dietary fiber, protein, and phytase activity while
simultaneously reducing phytic acid content, which can inhibit
mineral absorption and protein digestibility. Enhanced a-amylase
and protease activities during germination promote starch
degradation and protein mobilization, thereby improving protein
availability (Narsih & Harijono 2012; Hejazi & Orsat 2016;
Vicente-Sanchez et al. 2024). However, in this study, carbohydrate
content remained unchanged following GBQ supplementation.
Bertazzo et al. (2011) attributed this phenomenon to the biological
synthesis of new amino acids and the loss of dry matter,
particularly carbohydrates, through respiration during germination.

Based on these findings, the observed increases in protein, fat, and
ash content in noodles with varying levels of GBQ supplementation
can be attributed to the inherently high nutritional value of quinoa
and the compositional changes induced by germination. These results
suggest that GBQ can serve as a functional ingredient to improve the

nutritional quality of wheat flour-based noodles.

2) Mineral content

Table 3 presents the mineral content of noodles supplemented

germinated black quinoa powder

Concentration of

Minerals (mg/kg)

GBQ" powder (%) Ca K P Fe Mn Na Zn Mg
0 360.38+2.08" 385.50+8.26° 595.75+£12.93° 8.87+0.10°  9.82+0.07° 3,568.49+6.00 9.87+0.11° 279.92+0.96°
5 293.08+2.58" 288.72+7.57° 480.21+20.12" 8.95+0.14°  7.77+0.06" 2,792.50+£5.98°  8.23+0.18" 254.67+3.07°
10 309.29+5.44° 267.39+£8.63" 493.45+7.65" 10.76:0.14°  7.76£0.06" 2,618.79+14.47° 8.63£0.19° 286.16+£5.59
15 313.93+2.70° 257.0142.09° 519.97+7.12° 13.5440.13°  7.69+0.01* 2,545.98+12.05* 10.77+0.15¢ 327.01+3.63°
20 322.9343.74° 261.48+4.58* 527.40+437° 13.72£0.09° 8.00+0.08° 2,599.66+33.34° 10.86+0.10° 352.24+4.11¢
F 152.505 191.684 42.963 1,179.529  636.115 1,768.154 198.462 319.893
®) (<0.00)™  (<0.001)™  (<0.00)  (<0.001)™ (<0.00)™ = (<0.001)"  (<0.001)" (<0.001)""

Each value represents the meantstandard deviation (n=3).
Y GBQ: germinated black quinoa.

2 24 Valyes in the same column with different letters are significantly different (p<0.05) based on one-way ANOVA followed by Duncan’s

multiple range test.

p<0.001.
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with GBQ powder. The mineral contents were as follows: Ca,
293.08~322.93 mg/kg; K, 257.01~288.72 mg/kg; P, 480.21~527.40
mg/kg; Fe, 895~13.72 mgkg; Mn, 7.69~8.00 mgkg; Na,
2,545.98~2,792.50 mg/kg; Zn, 8.23~10.86 mg/kg; and Mg,
254.67~352.24 mg/kg. Significant differences were observed
between the control group and the 5%, 10%, 15%, and 20% GBQ
groups (p<0.001). A detailed analysis showed that the Fe, Zn, and
Mg contents increased significantly with increasing levels of GBQ
supplementation. The Fe content in the 20% GBQ group (13.72
mg/kg) was approximately 1.5 times higher than that in the control
group (8.87 mg/kg). Similarly, the Zn and Mg contents reached
their highest levels in the 20% GBQ group, at 10.86 mg/kg and
352.24 mg/kg, respectively. Na content was highest in the control
group (3,568.49 mg/kg) and was significantly lower in all
GBQ-supplemented groups, with the lowest value observed in the
15% GBQ group (2,545.98 mg/kg). Although Ca, K, P, and Mn
contents were generally lower in the GBQ groups than in the
control group, these minerals showed a gradual increase within the
GBQ groups as the level of GBQ supplementation increased.
In this study, supplementation with GBQ powder effectively
improved the mineral profile of noodles. The significant increases
in Fe, Zn, and Mg appear to be attributed to quinoa being a
pseudocereal rich in micronutrients compared with regular wheat
flour, as well as compositional changes induced during germination.
Navruz-Varli & Sanlier (2016) reported that quinoa serves as an
excellent fortifier to compensate for the nutritional deficiencies of
refined wheat flour, as minerals are concentrated in the seed coat
and embryo. Phytic acid present in quinoa acts as an anti-nutrient
that can bind minerals and inhibit their absorption in the body.
However, during germination, the activation of phytase enzymes
catalyzes the breakdown of phytic acid, releasing bound minerals
as free ions and thereby enhancing their bioavailability. Indeed,
Vicente-Sanchez et al. (2024) reported that quinoa germination
increases phytase activity, reducing antinutritional factors such as
phytic acid and consequently improving not only mineral content
but also bioavailability. The substantial decrease in sodium content
is likely attributable to the relatively low sodium content of quinoa
powder. These findings suggest that GBQ supplementation may be
an effective strategy for developing nutritionally improved wheat

noodles with a more favorable mineral composition.

2. Characteristics of the noodle dough supplemented
with germinated black quinoa powder

1) X-ray diffractometer

The X-ray diffractometer (XRD) measurement results for
noodles containing GBQ powder are shown in Fig. 1. A major
diffraction peak was observed within the 26 range of
approximately 19.8~20.5° in all samples. In addition, a broad
diffraction pattern was detected within the 15~25° range,
showing a gradual decline at angles greater than 30°. With
increasing levels of GBQ powder, the positions of the major
peaks showed little change, and the overall shape of the
diffraction pattern remained similar. These findings indicate that
GBQ supplementation did not markedly alter the overall
crystalline characteristics of the noodle matrix.

The crystalline structure of starch is commonly classified into
A-, B-, C-, and V-types. Cereal starches typically exhibit an
A-type diffraction pattern, characterized by peaks at 26 values
of approximately 15°, 17~18°, and 23° (Zobel HF 1988; Singh
et al. 2003). In contrast, diffraction peaks at a 26 value of
approximately 20° are frequently associated with a V-type crystal
structure corresponding to amylose - lipid complexes (Biliaderis
CG 1991; Lopez-Rubio et al. 2008). Similar diffraction peaks
have also been reported in wheat-based noodle systems. Zhang
& Chen (2024) associated diffraction peaks at 26 values of

approximately 13° and 20° with amylose - lipid complexes in
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Fig. 1. X-ray diffractograms of noodle supplemented with
germinated black quinoa powder.
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wheat - Tartary buckwheat noodles, while Han et al. (2026)
identified a distinct peak at a 26 value of approximately 20° in
non-fried whole-wheat instant noodles as a characteristic
diffraction peak of V-type starch - lipid complexes. In the
present study, a prominent peak at a 26 value of approximately
20° was likewise observed in both the control and GBQ-
supplemented noodles. Because this peak was observed in both
the control and GBQ-supplemented noodles and its position
remained similar among all treatments, its occurrence was not
specifically associated with GBQ incorporation. These results
indicate that GBQ supplementation did not produce a new
crystalline phase or markedly alter the overall crystalline
characteristics of the wheat noodle matrix. Xing et al. (2021)
reported that germination reduced starch crystallinity and altered
starch granule morphology, indicating partial disruption of the
crystalline regions of starch. However, no comparable changes
were detected in the XRD patterns of the fresh noodle samples
in the present study. This difference may reflect the composite
nature of the noodle matrix in which wheat flour remained the
predominant component despite the addition of GBQ powder.
Therefore, the structural changes associated with germinated
black quinoa were not sufficient to produce detectable changes

in the overall XRD patterns of the noodles.

2) Measurement of gelatinization behavior using a rapid
visco analyzer (RVA)
The gelatinization characteristics of noodles supplemented with

GBQ powder are shown in Table 4 and Fig. 2. The pasting
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Fig. 2. Pasting characteristics of noodles supplemented
with germinated black quinoa powder.

temperature was highest in the control group (88.90°C), while the
GBQ groups showed a range of 85.80~87.60C, indicating an
overall decreasing trend with increasing amounts of GBQ powder
added. The peak viscosity was highest in the 10% GBQ group
(168.33 RVU), followed by the 5% GBQ group (167.25 RVU) and
the 15% GBQ group (165.08 RVU). The 20% GBQ group showed
a decreasing trend to 155.67 RVU, indicating increased viscosity
formation at low levels of supplementation but a tendency toward
reduced viscosity formation at high levels. Breakdown viscosity
generally increased in the GBQ groups, suggesting reduced starch
stability during heating and shear. Setback viscosity was highest
in the 5% GBQ group (110.83 RVU) and decreased with
increasing GBQ supplementation, suggesting that retrogradation
was partially suppressed at higher substitution levels.

Table 4. Rapid visco analyzer (RVA) of noodles supplemented with germinated black quinoa powder

Concentration of  Pasting temperature

Viscosity (RVU)?

GBQ" powder (%) (0 Peak viscosity Trough Breakdown Final viscosity Setback
0 88.90 154.50 131.92 22.58 226.58 94.67
5 87.00 167.25 137.75 29.50 248.58 110.83
10 87.60 168.33 138.92 29.42 245.75 106.83
15 85.90 165.08 131.08 34.00 234.17 103.08
20 85.80 155.67 125.08 30.58 225.33 100.25

Y GBQ: germinated black quinoa.

2 RVU: rapid visco unit.
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Starch gelatinization characteristics reflect starch swelling,
structural stability, and amylose recrystallization behavior (Singh
et al. 2003). In this study, the decrease in pasting temperature
with the supplementation of GBQ powder may be attributed to
either partial relaxation of the starch structure or changes in the
interactions between starch and non-starch components (Hoover
R 2001). The peak viscosity increased in the 5~10% GBQ groups
but decreased in the 20% GBQ group. The increase in peak
viscosity at low GBQ levels suggests that quinoa protein and
dietary fiber supported starch swelling, whereas higher
supplementation reduced viscosity because of starch dilution and
interference with starch network formation (Mu et al. 2023). The
increase in breakdown viscosity suggests reduced starch stability
during heating, which may be associated with the lower
crystallinity and damaged starch granules observed after
germination (Singh et al. 2003; Xing et al. 2021). Setback
viscosity, an indicator of amylose recrystallization (Biliaderis CG

1991), decreased with increasing GBQ supplementation. This
reduction may be attributed to starch dilution, increased
non-starch components, and the formation of amylose - lipid
complexes by quinoa lipids, all of which are known to limit
retrogradation (Eliasson & Krog 1985; Abugoch James LE 2009).
Taken together, these results suggest that GBQ supplementation
appears to promote viscosity development at low substitution
levels, whereas increasing GBQ levels may reduce the stability
of the starch structure during heating. At higher supplementation
levels, the tendency for recrystallization appeared to be partially
suppressed, suggesting that GBQ supplementation may modify
the gelatinization and retrogradation behavior of noodle starch.

3) Microstructure measurement using scanning electron
microscopy (SEM)

The microstructural characteristics of noodles supplemented with
GBQ powder, observed using SEM, are shown in Fig. 3 and Fig. 4.

Fig. 3. Microstructure of noodles supplemented with germinated black quinoa powder observed by scanning electron
microscopy (SEM) (surfacex10,000). a) noodles supplemented with 0% GBQ powder, b) noodles supplemented with 5% GBQ
powder, c¢) noodles supplemented with 10% GBQ powder, d) noodles supplemented with 15% GBQ powder, e) noodles
supplemented with 20% GBQ powder. GBQ, germinated black quinoa.
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Fig. 4. Microstructure of noodles supplemented with germinated black quinoa powder observed by scanning electron
microscopy (SEM) (cross-sectionx10,000). a) noodles supplemented with 0% GBQ powder, b) noodles supplemented with
5% GBQ powder, c¢) noodles supplemented with 10% GBQ powder, d) noodles supplemented with 15% GBQ powder, ¢)
noodles supplemented with 20% GBQ powder. GBQ, germinated black quinoa.

Surface observations revealed that the control group (0%) exhibited
a relatively smooth and dense surface, with starch granules partially
exposed but generally forming a continuous matrix structure. In the
5% and 10% GBQ groups, small surface pores became more frequent
than in the control, and some starch granules were exposed. However,
the pore size remained relatively small, and the surrounding matrix
remained continuous without extensive structural disruption. In
contrast, the 15% and 20% GBQ groups displayed increased surface
roughness and larger, more widely distributed pores, with the 20%
GBQ group exhibiting the most disrupted and porous matrix
structure. Cross-sectional observations indicated that the control
group had a dense and uniform internal network, whereas the 5% and
10% GBQ groups showed a slight increase in internal porosity, with
the starch-protein matrix remained relatively continuous. The 15%
and 20% GBQ groups exhibited greater internal porosity and a less
continuous starch-protein matrix, particularly in the 20% GBQ group.
Overall, these observations suggest that both the surface and internal

microstructure  of noodles became increasingly porous and
heterogeneous with higher levels of GBQ powder supplementation.
These microstructural observations may be interpreted in conjunction
with the RVA results. The higher peak viscosity observed in the 5%
and 10% GBQ groups may reflect enhanced starch swelling during
heating. Previous studies have reported that starch swelling and peak
viscosity are closely related and that increased starch swelling can
reduce the compactness of the gluten network (An et al. 2022).
Consistent with these findings, SEM images of the 5% and 10% GBQ
groups showed the appearance of small surface pores while the
surrounding matrix remained continuous. At higher GBQ substitution
levels (15% and 20%), however, the matrix became more porous and
discontinuous, suggesting that the weakening effect of excessive
GBQ supplementation on the starch - protein network became more
dominant than the effect of starch swelling on the noodle
microstructure.

These observations are consistent with previous reports that
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quinoa powder disrupts the continuous starch-protein matrix,
resulting in increased porosity and structural irregularities (Mu
et al. 2022). At higher GBQ supplementation levels (15% and
20%), these structural changes may be attributed to the dilution
of the gluten network and the consequent weakening of the
starch-protein matrix (Gallagher et al. 2004). In addition, Xing
et al. (2021) reported that germination altered starch structure,
which may also have contributed to the modified microstructure

observed in the present study.

Discussion

This study evaluated the effects of supplementing noodles
with 0, 5, 10, 15, and 20% GBQ powder on nutritional
composition, starch structure, gelatinization behavior, and
microstructure. General component analysis showed that crude
protein (p<0.001), crude fat (p<0.001), and crude ash (p<0.01)
contents increased with higher GBQ supplementation, while
moisture content decreased (p<0.05). Among the minerals, Fe,
Zn, and Mg increased significantly with increasing GBQ levels,
whereas Na content decreased. X-ray diffraction analysis showed
similar diffraction patterns among the samples, with only subtle
structural changes observed following GBQ supplementation.
RVA analysis indicated a general decrease in pasting temperature
in the GBQ groups. Peak viscosity tended to increase in the
5~10% GBQ groups but tended to decrease in the 20% GBQ
group. Breakdown viscosity tended to increase with higher GBQ
supplementation, while setback tended to decrease with further
increases in GBQ content after reaching the highest value in the
5% GBQ group. SEM observations showed increased surface
and internal porosity and greater matrix heterogeneity with
increasing GBQ supplementation, particularly in the 15~20%
groups. In summary, supplementation with GBQ powder
enhanced the protein and mineral content of noodles while
inducing concentration-dependent changes in starch gelatin-
ization and microstructure. At low supplementation levels
(5~10%), favorable viscosity characteristics were observed with
only minor microstructural changes. However, at high
supplementation levels (15~20%), greater porosity and reduced

structural stability were observed. Based on the nutritional,

rheological, and structural characteristics evaluated in the present
study, 5~10% GBQ supplementation appears to be an appropriate
supplementation level. The findings of this study provide
fundamental information for the development of nutritionally
enhanced wheat noodles supplemented with germinated black
quinoa powder. However, the present study focused on the
nutritional, rheological, and structural characteristics of GBQ-
supplemented noodles. Therefore, further studies evaluating
antioxidant activity and other functional properties are needed to
provide a more comprehensive assessment of GBQ-supplemented

noodles.
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Abstract

In this study, we evaluated the antioxidant activity and lipid oxidative stability of Cornus officinalis powder fermented with
Lactobacillus brevis. The powder was inoculated with 100 mL (COF1) or 50 mL (COF2) of L. brevis culture and incubated statically
at 30°C for 48 h; the control (CO) received sterile distilled water. In vitro, the DPPH and ABTS radical scavenging activity and
total polyphenol content were the highest in COF2 (p<0.05); TPC increased by approximately 11% over CO, whereas the total
flavonoid content showed no significant difference. For lipid stability, fermented extracts were added to soybean oil (200 and 1,000
ppm) and oxidized at 180°C. Suppression of the primary product (CDA) was greatest in the CO, whereas that of the secondary product
(p-AV) was most effective in the COF2 (14.4% reduction); however, TBA values increased at 1,000 ppm, likely due to color
interference and the pro-oxidant action of polyphenols. The fermented groups in the oil-in-water emulsions oxidized at 60°C suppressed
headspace oxygen consumption and conjugated diene formation more than that in the CO. These results indicate that L. brevis
fermentation enhances the antioxidant properties of Cornus officinalis, with inhibitory patterns differing according to the oxidation
stage, supporting its potential as a natural antioxidant for oil-processed foods.

Key words: Cornus officinalis, Lactobacillus brevis, fermentation, antioxidant activity, lipid oxidative stability
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2003) HIR3I A2 ETHES ASt AEYA T Ty
A%}t oulo]| 7]of5lH(Liu RH 2003; Pandey & Rizvi 2009),
oz o} - 25 - A 5 TR AE AN 2]
= T8 F4AeE E4do] BaEl ek (Kwak & 2005; Lee &
2012; Choi S 2015).

A= (Cornus - officinalis - Sieb. et Zucc)= ZSSUHI}
(Cornaceae) FPANEO R F2 g Won, 1 A=
SOotA[oto| A QEE A - kg0 = o]-§& o] FTH(Dong
S 2018). AFf o= B - F714NY $A iridoid ¥iS
A(morroniside, loganin), gallic acid 5 =4k, ursolic acid -
oleanolic acid 5 triterpenoid”} $-3-%0] 21 © ™ (Dong 5 2018),
Z| T H| A ARA] EA oA 2ZAERE 1,2000 F9] THARA|
7t AE= o] 3teh] trdo] ERIEITHRai 5 2020).

Lee 520112y AH=8(Comi fructus)?] 5% 258 w1
oA F wl= ol 90ToA M =% DPPHEHZ
275, ABTS ol ezt &A% FRA54dS 2529
oA 482 EI5k3lH Jeon 5(2008) At gt
= F5%9°] 500 ppmof|A] BHTE T+ A5 =
Aol - P &S EATH stk F3k EAoA
Kim 5-(2009) db/db BF-A0] It - Qlegd A3 74,
Park 52019y 2F&A1E 115 5 AER71 oFE 32 &
=2 a-glucosidase A3l &A1 (50.9%)S H 15T 2 A
Z(Lee S 2011b) - OF&A1E(Shin YJ 2013) - SOk (Lee =
2015) Aol = HEm Tgo] =25 goEd &As0] A
A= o] IRI= Ut HH Ak}t A7) AA| &8-S 3
7¥steH A EA Are} AA| 5= A of she, Alo]X|(Kim
= 2023), QA7 EHLee S 2021), 38T} ZxH(Bac =
2022) 5 M FEE2 FAAERIY o] B7tE o gt

AlE A9 7158 wole e R A TR vt
U Qlom, Has G AR S S Hs - &
gtH o|E gt} HAkS A4S Eol= AR HIEHGL
th(Wang 5 2022). £35| Lactobacillus brevis= d|H| 2 A F
AR, AU AT dRAFNA " 47 B-
glucosidase B/d 7} 5 AHY - HE4HS Hol AE4
274 drao] #gslctk(Son 5 2018). Song 5(2023)2 L.
brevis BT= 083t =728 Q4tolA], 22 A+%1(Song &
20212 M A7 RFEE 35 LA Hs - SSHE
o|t ot Akt B4 S Eelsktth WA E
At o 2 2 a st WAl (Yang 5 2014), Lactobacillus plantarum
oz Wwast Z=79Ryu 5 2018)2} 2T (Lee & Hong

2016) F==014 & EH= = DPPH &A5 5717}
HuE it o9} oA FARE d7It Q2 EoA L At
3} /o] HEUTtH(Lee 5 2008). T3 |4 &7t
L. brevis KU151529] 3}9% 83 % H I E0o|(Kim 5 2022)
w3 AA Y 71540l ZIHE

N4g wEo] W ATE obd @A YT Zhou 5
(2023)2 AF=8-F Bacillus subtilis - Bifidobacterium bifidum©.
2 ¥g A gallic acids A &7t ¥hd, loganinS A 9] H
SHA edthal H sk, 7HAl 2 7H(Su 5 2024) - A3
(Liu 5 2023) 5o = TEE B3t A& APt HaEgo
U ARERE L brevis2 HAT A= vlH|sir} ARRRL
ol vk ahaksh T} L brevis WY 7154 4 Aol
Hkstel, B ATOIAL Af Bl L. brevis WIS
AFFE Dol AT £EB(COFL, COR)T BF40
A71et v R2H(COorSe WYL= g w2 ikt
ST FALERIY A WIE SRR BrkstaAt st
Aok FAF R F ETHE FFIPOTL F SHE o]
T SH(TFC), DPPH 9 ABTS #tjZ A7, FRAP 3+
= 5745t Almat 7t A4S B4 vlastal 7 A& 7t
ATIAE A5t oH, AA| A ZA A A5 A &
= gRlst7] fAste] bulk oil A|ARIOIAE= CDA, p-AV,
TBAE, OW 24 A|2H A= S|=io] s Abd &
2} conjugated diene(CD) A4S 43}t ol 53 Ua
R 2220 PS5 wsie} A4 As oA S ¢
A Feto] Bl kst 2ARA W& H5AS Bk
17 st

o,

=R

1. Al M=

ANE AASEL AZIL A= 7] % o] HA| WiARA At
FHRZol A Fufste] B F AlRE ARSIl TR
of] AR-ZE L. brevis B2 MRS HiZ|(55 g/L)yE 121 Cof| A
15827 Batst & 42 FHESHo] 30ColA iRt 2 ol&
shlth AlEa2 IR 240 wet Al 7 E YRle
o E ) 27H(COR A = 50 gofl Bt 100 mLE,
Hg 3 COF13} COR2:= Z42b Abe§ B2 50 gof| L. brevis
Bl 100 mLe} 50 mLE 7F5ko] 30Tl A] 48A17F =] Hj
Fotct. vigo] £ A=<= Whatman No. 2 o{3}2| 2 o]}
3 —85C Y A 5947 FAHZSl] 2 FH|

0

[¢]
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1) DPPH(2,2-diphenyl-1-picrylhydrazyl) 2iC|2 27 gt
=5

DPPH 2}t]Zh A7 AL Lee 5(2021)F} Kim S5(2023)9]
WS Fashyict. WgkZol 8513t 0.1 mM DPPH 0.75 mL

A &5 AR £9(0.125, 0.25, 0.5, 1 mg/mL) 0.25
mLE ER3tsto] 3027 AaofA] ¥HE-AIZ1 £ UV-VIS spectro-
photometer(Mega-U600, Scinco, Seoul, Korea)= 517 nmoj|A] &
FaE SHoIAY. g2 AR 4l 559 HEEE A
ZJoto] $UT HHoz AP

2) ABTS|2,2"-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid)] 20|12 2iC|1Z 27 &4 EH

ABTS ol gtz 47 B4 Re 5(1999), Lee &
(2021)7} Kim 5(2023)2] 9P 28}gith 7 mM ABTS2}
2.45 mM potassium persulfate =8NS S0 7 &3l5l0] Af
2 AAoA 1247 AARE F, 734 nmolA BT}
0.800+0.0500] EEZ ofgh-22 3|Al5lo] ABTS A|2FO. 2 A}
8319k ABTS Ao} 095 mLo} 4§ 322 A2 89
(0.125, 025, 0.5, 1 mg/mL) 0.05 mLE &3}+5l0] 1087F 94
oA HRS-A]Zl & UV-VIS spectrophotometer(Mega-U600,
Scinco)@ 734 nmof| A EFEE A5}

3) TPC(total phenolic contents) &

TPCE Lee S(2021)T} Kim 5(2023)2] 4P-S 151t}
A 225 A 89(0.125, 0.25, 0.5, 1 mg/mL) 0.05 mL

S5 08 mLE E9d%t & SR, LI(vivE 3JARE
Folin-Denis reagent 0.05 mLE #7|slo] 587t FA|51,
sodium carbonate 384 0.1 mLE o] A20)A] 30&7H
HESAJZTE o]F  UV-VIS  spectrophotometer(Mega-U600,
Scinco, Korea)Z 725 nmoj|A] &4 =& 451909, #&E
A& tannic acidE AME-St] HPFTFAHOE Aot

9[RS A 185

4) TFC(total flavonoid contents) &

3 E9HHE o] E FEHTFC)Z Chang 5(2002)9] LF1]&
Zeelols HuES Y WYsiel 2Hsiick TRCE 41
59 225 AFE 89(0.125, 0.25, 0.5, 1 mg/mL) 0.1 mLo]
of&k2 0.3 mL, 10% aluminum chloride & 0.1 mL, &&F
0.56 mLE £315}37 1 M potassium acetate 0.02 mLE & 7}5}
o] AFof A 30&7F WFS-A]Zl & UV-VIS spectrophotometer
(Mega-U600, Scinco, Korea)Z 415 nmoj|A P& &4}
Aok EEEEE querceting ARg-Sto] Ao g A5t

ATt

5) FRAP(ferric reducing antioxidant power) 212 £&

FRAP 39182 Benzie & Strain(1996), Lee 5-(2021)Z} Kim
5(2023)9] WS Z15HTE Acetic acidZ pH 3.60.2 24
3t 300 mM sodium acetate -2H, 40 mM HCIo] -&-3[I5t 10 mM
TPTZ &9, 20 mM FeCl; €8-S 10:1:1(viviv)2 &3}l 37C
oflA] 1587t “g A2t FRAP Ak ARE-SHITE. FRAP AJ°F 0.9
mLe} AR S5 AR &9H(0.125, 0.25, 0.5, 1 mg/mL) 0.03
mLE Egtete] 3087 PAoA FRSAIXI F UV-VIS
spectrophotometer (Mega-U600, Scinco, Korea)Z 593 nmof| A]
FHEE S5IloH, #EEEE ascorbic acidE AR5
AFFACE sttt

1) &7 FEE 0L /X AIE M

FA AR A FEES AT dimethyl sulfoxideo]]
83)|5t0] Z7]20] 200, 1,000 ppm HE2 A7}5E I 180°C
dry oven©]lA] 30, 60, 9027+ AHSFAI3H 0, 22 DMSO

2 2382 ST

2) CDA(conjugated dienoic acid)7}

CDAX AOCS(2017a), Lee S(2021)7} Kim 5(2023)9] ]
& Z 51Tt Aske §-4] A|ZE isooctane©] 4,000 ppm =
E2 g8j5te] 3=} 0.200~0.800 H7F HEE 545
S UV-VIS spectrophotometer(Mega-U600, Scinco, Korea)=
233 nmel A Z4shit

3) p-AV(p-anisidine value)7}
p-AVE AOCS(2017b), Lee S42021)T} Kim 5(2023)2] 1
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& Za1st9). Ak /-X] A|EE isooctane©] 4,000 ppm 5

T2 835}0] 350 nmof|A SF =S =43t T, acetic acido]
0.25%% 233t p-anisidine -84 0.3 mLe} A|& 1.5 mLE 15%
7+ Ao A HFGAIA THA] 350 nmof|A S8 =E S8 5HITh

4) TBA(thiobarbituric acid value)7}

TBAL Asnaashari 5:2015)%} Kim 5:2023)°] ¥4 %71
9&1‘% 2-Thiobarbituric acid 0.067 g& &5 100 mLo] &3]
3t & 53F9] glacial acetic acid?} £3§}5}0] TBA reagentS A|
ZFAth. AtShe 4] A& 1.5 g benzene 5 mLo] -85}
1! TBA reagent 5 mLE do] 2087F X5t &, AZHS Zﬂ
A5t 100°C water batho]| A 30827F BFA|F L) o]&

= B2 yZste Uv-vIS spectrophotometer(Mega U600,

ol

i

N r

Scinco, Korea)Z 530 nmol|A] S EE =753}
4. OW OHEOIMS 7A| AtslobEd EH
1) O/W OIHA FMI=

O/W o872 Yi 5(2018)2] WS A7 WYt A=
SFATE. 0.25% Tween 20, 2.5% corn oil ¥ S-H4E 2go60]
rotor-stator homogenizer(Daihan Homogenizer Analog, HG-15A
Set-A, DAIHAN Scientific Co., Ltd., Korea)= 16,200 rpmO]| A]
3EZE 1x #A8sE H, 11 #+27](APV 1000, SPX Flow,
NC, USA)E ©]-85Fo] 200 barol| A 33] BIAIA o ddS
4gshgict

2 R S0l 87} o HY

A
B 57} 400 ppmo] HTE slgon, A7} w9} uhA
2 Frankel 5-(1996), Skowyra 5-(2014), Song & Choe(2017)E

TSP FEES 7oA E2 AEdE BV dx
-(Control) O 2 19T} o] F HE A& 7| WHZ|E 400
pmol| A 3087+ Wyt o2, 2 mLA 10 mL air-tight vialo]]
&7 60C Q20 HAsIHEA 0, 4, 94 A8t HE=E =
gt

3) SI=EAHO|A AtA §H2F Y conjugated diene X

ARt B Yoo 5(2025)9] o] me} s=Amoj s

A4 3HEET} conjugated diene(CD)O.2 71513 S| EAT|
AtA 3L Molecular Sieve 5A(60/80 mesh, Restek,
Bellefonte, PA, USA)7}
20 mm id)¥} TCD7}
Technologies, Santa Clara, CA, USA)Z &745}% 0, 2417
A(EHF)9 F-4-2 200 mL/min, oven - injector + detector &I
L 247} 60, 180, 180°CE A A3}t CDE oEA 0.12 mL
of methanol/1-butanol(2:1, v/v) 2.7 mLE &3}sto] UV/VIS
spectrophotometer(UH 5300, Hitachi, Tokyo, Japan)= 233 nm
olA E4ston, 2ite 74 ke g2 & YEU I

Z7 5 stainless-steel column(3.0 m x

ZZFE gas chromatograph(Agilent

5. SHEH

==

£ R0 B0 33 yhEshe] 27 A9lon SPSS
program, ver 24(SPSS Inc.)& AMg-slo] HH+HEFHAZE
Eholth R4 AL oneway ANOVAR E-A5}o]
p<0.05 ~%0f| A Duncan’s multiple range test® AR &3}
Rk BT A A1 7] A dAE 4 Al v
27975 ol8e10i(n-9) Pearson ATHEH 0T BAelGch,
711

2 T

——

1. AR HiS F229| DPPH 2 ABTS 0|2 2iC|t
27 M H|m
Ap20 =21 2|79 CO, COFl, COF29] DPPH 2Ho]Zt 4

A &4 9 ABTS %ol gtz &7 &4 dik= Fig 19]
Ut @ich. DPPH 2t A7 E442 A Al BF 5k 9
ZH oz Z71t9om, AR | mgmL BEo)A CO, COFI,
COF27} Z+ZF 72.1, 72.3, 80.3%% COF27} COET} 11.4% =&
a7 S e A H(p<0.05). A& 0.5 mgmL S0 A=
COF2(50.4%)7} CO(43.4%)°] H]3} 16.1% =& A4S Ho]
(p<0.05) L. brevis= H30l| o5t FAlst &4 7171 &els
At ABTS %ol #HjZ oA BHE 5k 802 F
7Fotg=d, 0.5 mgmL sXo]A CO, COFl, COF27} Z}z¢
12,6, 15.1, 30.7%= UrEFY|o] COF27} COR.t} oF 2.44] 52
HoR w2 4 4L HAtHp<0.05).

Akt o] 93t foZd A &4 S ‘:‘*E
glucosidaseo] 23] AEY = S}gEC] Bz A
HA] e AR &&0] EXEE A #H l
og Ad#A Ut} Son F(2018)2 =W AE TR A|FA
B-glucosidase &/ 3+ L2 Hlo] Q¥ EAS A RAkF

l‘ll‘rp
VDS U 3 fil e

mlo
Sis



Vol. 39, No. 4(2026) Hra st AeRo] 4l

(A

-

-
=)
S

[J CO I COF1 mm COF2

80

o
o

60 -

mﬂm

T
0.125 0.25 1
Concentration (mg/mL)

DPPH radical scavenging activity (%)

(B)

60 -
[ CO [ COF1 mm COF2

50 1

40

ﬂﬁ”lWI

0.125 0.25 al
Concentration (mg/mL)

ABTS* radical scavenging activity (%)

Fig. 1. DPPH and ABTS -cation radical scavenging
activities of CO, COF1, and COF2. (A) DPPH radical
scavenging activity, (B) ABTS cation radical scavenging
activity. CO: unfermented Cornus officinalis, COF1: C.
officinalis fermented with 100 mL of Lactobacillus brevis
culture, COF2: C. officinalis fermented with 50 mL of L.
brevis culture. Each value is mean+SD (n=3). Different
letters are significant at p<0.05.
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2 - H115F9 0™, Kim 5(2020)2 B-glucosidase 4 +F
= 2 A HigA FE ) Aol olZEE FHIE HekE
Q151 Song 5(2023)% QA4S L. brevis BTZ A5
< ] DPPH % ABTS 2tjz £7%0] U Ao H]sj -2
oz SRAEQ LY Hustgon, SAFoZ WEsh o
E](Lee & Hong 2016), Z=7]9j(Ryu 5 2018) S| A E 2ra
% DPPH 2t} Z 427 &/do] F715h A0 2 HilEo] &
T A3 AP B, L brevis A5F0] L COR2
(50 mL)7F EFo] W COF1(100 mL)Krh 42 gAksl 2
e el e 22 ekt Al ARTE BE A4S
B9 50 ¢ YA A§SIHO 7KL werele] ool
gstonz, FEgol WS COFINL vhx] o) nFHol
AiH oz ¢ gol] o] FAARE W A 7l &
2u=9] A o] WolklE 7FsAdol Atk &, Wid
Ae AA @2 COF27t &9 AT Abpf A3 AdiE

mlo N

o2 o wo] gl Ho] euizt 475 B ek
Aoz B 2 9t} oj7|of HEpo| Tirkst Ao wg 27
A9 F4% ST F714F B0l THE pH AR B-
glucosidaseo]| 9Jgt Bl G271 Z7]0] AgEHE & da &
& S99 JFE AT 5 glek. ot olg S5 &
AAZES e iR {3 4&, TR F pH - 75 W}

ol

of Hhgk %7} H4jo] BRst
2. MR WS FEE09| TPC, TFC U FRAP 2218 H|
A]|EQ] CO, COF1, COF29] & H&3=KTPC), & ZetH
o|= S}EKHTFC) 9@ FRAP 734~ Table 13} Zt}. TPC &3
A3} A& CO, COFl, COF29] & H|&she 717k 1.841,

Table 1. TPC, TFC, and FRAP of fermented Cornus officinalis

TPC" TFC” FRAPY
Sample (umol tannic acid eq/g) (umol quercetin eq/g) (mmol ascorbic acid eq/g)
co” 1.84140.002¢ 0.810+0.003 10.734+0.053°
COF1 1.95020.007° 0.814+0.001 10.553+0.030°
COF2 2.046+0.007" 0.813+0.005 11.260+0.086"

" Total polyphenol content.
2 Total flavonoid content.
3 Ferric reducing antioxidant power.

9 CO: unfermented Cornus officinalis, COF1: C. officinalis fermented with 100 mL of Lactobacillus brevis culture, COF2: C. officinalis

fermented with 50 mL of L. brevis culture.

Each value is meantSD (n=3). Different letters are significant at p<0.05.
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1.950, 2.046 pmol tannic acid equivalent/g extractZ2 COF27}
COXEYt 9% 0= 11.1% =3ko ™, COF1%E CO tH] 5.9%
Lol o= 271519 th(p<0.05). FRAP $g8-E CO, COFI,
COF27} Z¥Z+F 10.734, 10.553, 11.260 mmol ascorbic acid
equivalent/g extract® COF20]|A] 7} &2 &2 ey
ATHp<0.05). 3HH, & ETtE o] EFH(TFC) Almwt 7H9]
SAACE FoHQ Apol7t WEEHA] FUT.

2 E0dlE I 2HE &7 Afolof RA A
BA7E Acke AL o2 AtolA gl Bf Slt}. Kwak
5200552 =i A8 sjEFoIA F Eefuls I ==
= A 2T AR FOR ABEAE Eistgon,
Choi 5(2015)% E2]Hzo] 53 otz YotollA &2 At
3t @42 Hisiy & dFoAE TPC7F 7MY w2
COF294] DPPH W ABTS 2tt}Z &7 &40l FAlof 71
= ety & HesdtEol S7HESE A WAsks &
7} Q22 HolFHA ol SIgth waof ot TPC
Z7= L. brevis7} £-8]51= B-glucosidase 5 7FE-5f| .40
of3f) Alazeo] Eof=al Aty EFHEo] fHFor Het
HAAN GEFo] SXEA TE 2R FZEKSon 5
2018). Song 5(2021) AT A% L. brevis BIE Q4 A7l &
TEEE 35 ZasiiS 1 ¥ = A et 4
o] WS Hilsto] fARE A4S Eitth 91 COF19]
FRAPo| COXTH WA Yehd A2 HFF 2tolof whE A
AR AbEe] 24 Wb IS WIS 7ol /1o, o
of A= F7F A57F 2o Aor wokEnh

FAeE A ® 74l #EAdS &Rlstr] 9iste] DPPH -
ABTS 2tz 475, FRAP &2 9 TPC 7+9] Pearson 4F
TEAG AAZ A3 Table 29F 2t ] A EE 25 A
2 o059l Fo HBWAS Uelct. 53] TRCE
ABTS 2tz 27453 1Y £ 4UBAS Hyow

Table 2. Pearson's correlation coefficients among DPPH,
ABTS, FRAP, and TPC of fermented Cornus officinalis

DPPH ABTS FRAP TPC
DPPH 1 - - -
ABTS 0.849" 1 - -
FRAP 0.925™ 0.793" 1 -
TPC 0.817" 0.976™ 0.678" 1

Values are Pearson's correlation coefficients. "p<0.05, “p<0.01.

(r=0.976, p<0.01), DPPH 2}tZ &75(r=0.817, p<0.05) 2
FRAP 12 (r=0.678, p<0.05)Zt= FJ&Ql JHAAAE B
Tt ESH DPPH 2tz A7 52 FRAP 2Hdg 3} w2 4
THAE UE ATH=0.925, p<0.01). °o]2|]t Aif= Ak
g 559 g A5 gEo] F s g Y
oA =0l Y-S HubdstH, Eddzo] 8
st JEOZ 28-S AJARSIT

d

(R

3. FAl A|IAROIMS| A7 FEE2| ASIOHEM H|W

A Atk 2HekE9] 13 A9 A5l & - AES] 2
2 A2 UHEE, CDA(conjugated dienoic acid)@} p-AV
(p-anisidine value)E oA S 3o Atst A W2 wofd
2 9]TH(Abeyrathne S 2021). Lee SQ02D)E Q.87He 22}
=S A7IRE &557]5°14 CDA%Y p-AVE 5745}
A AR dS H7IRE HE St

1) Conjugated dienoic acid(CDA)

CO, COF1, COF2 3&52 200 ¥ 1,000 ppm =2 F7]
5ol "7Fskar 180°ColA] 30, 60, 907 AFSIAIZ] & 13} 4k
3H=?l CDA ?Fg2 7% 23E Fig. 2A] YEW ]l 4k
3} A7to] dojd S5 HE oA CDAZLO] $71oh= A3
< B3t} 1,000 ppm F7HES] 902 A15E R7OA FEE
= A7IoHA] 2 tiR29] CDAZES 1.574%%1 24, CO,
COF1, COF2= 747} 1.374, 1.516, 1.495%%2 £&5& A7 &
F ojzguct Ash A=, 59 vaFel cos
2 e 12.7% ZAste] 13} 4ke} A aart 7Y &
2319101, o] ¥ra79l COF1(3.7% 74)T COF2(5.0%
AET FolHo R =2 AA|50] U tHp<0.05).

CDA:= EXIMAHARS] oA { o] 4haet ¥hgsto] 3
e TH olFAACE, §A] 48] 13} B ES YE
U= A FEOo]tH(Abeyrathne 5 2021). & Aol A] 12} 4HSk=
A5 wdaELR] Co7t 7MY 4sklal, Haat?d
COF13} COF27} 1 HE o|4th(p<0.05). o= in vitro A1}
o AN AFOR, BT 2ASI F EE Fol
7HY #=9kd COF27} bulk oilof|Al= 2518 12} AR5 4]
BI7F A YERTh o] 23 Aol Ak RO S42
2 A9s £ ot F40] 2 He 482 ¥4 wEd
bulk oilo] #ASHA RAFEA] Zskal Aoz 4bsto] @
Foket Gl HFEZ7] 219, A2t A== AFH0lA 5
£35] 21835}7] o] th(Frankel 5 1994; Shahidi & Zhong
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Fig. 2. Conjugated dienoic acid, p-anisidine value and TBA value in bulk oil system with CO, COF1, and COF2. (A)
Conjugated dienoic acid, (B) p-Anisidine value, (C) TBA value. CO: unfermented Cornus officinalis, COF1: C. officinalis
fermented with 100 mL of Lactobacillus brevis culture, COF2: C. officinalis fermented with 50 mL of L. brevis culture.
Left: 200 ppm, Right: 1,000 ppm. Each value is mean+SD (n=3). Different letters are significant at p<0.05.

2011). ofgt a2 HolE

AHOR oA slojsts
Hen, 8 129 T4

iy

20| 1 415} iAlo] 7
2 Aztoz wysi] of
i

A=

2) p-Anisidine value(p-AV)

219] 27} A15HE AR p-AVE
o UrEhglth. Aksh Alzto] Aukgo] we mE

Fig. 2B
oA

p-AV7F S7Voke 73 E 3T 1,000 ppm H7HE2] 905
Akl 2704 29 p-AVZE 98.4%1 H H]S] CO, COF1,
COF2= Z}7Z) 874, 87.8, 8422 Atp§ 255 AU/ 2%
frLET FYHo R F2 =35 YE AU THp<0.05). °]
Z A8 2 W st A|E COF27F R X T} 14.4% 745}
of 7P 943 231 AbekE A adE el om, Co%t

COF1 712} 112, 10.7% A8t o = o o= 724



190 rdR==S I

Q1 Apo) 7t FEEA] kST 60 48} 2o A% COF27}
5672 THRI(64.0)ETH 114% {oJFoZ Fol(p<0.05)
CO(59.8)9} COF1(61.4)H t} =599 th. 3HH 200 ppm H7}
o A= 908 AFsE Z A0 A CO, COF1, COF27} 217} 88.2,
88.9, 90.18 A| & BF TR(984)ETt {ojF o7 Folo
L(p<0.05) CO2t COF1 Ztolli= #2124 Q1 Zfol7} glof, 27} 4t
3= A as J7t 5Tt 2258 Al I Aot
oAl = AR UEHT

p-AVeE A E A4S 3ol A hydroperoxide} &3] = o] A
A= gt ERY ¢ UEE 23 AgkE Aot
(Abeyrathne 5 2021; Lee & Oh 2022). Kim 5-(2023)2 A]|0]#]
FEEZ FA9 Z7IeE AFolA 12} AsHE A Sk
kA el vhH 23f 4HelEQl p-AVe} TBAE= 2+
Ho} QobA, MA FEE0] 12} AStE T 23 418} Ao
H 2 & 3= Hstloh & Aol AE 13; Aks}
E<Q CDAE "TaET CO7t 7P Wotout 23 A&l
p-AVE & COF27t 71 @A et Akst ThA|of whet
AA| BIe] SHo| GEHA= FARE F/dol RIS &
3t in vitro A4S A 7104 DPPH 2 ABTS &z &
A &/43t TPC, FRAP $Hdgo] B5 7P =d COF27f
A AL E 23 4H8HE QAo 7MY 43t AE
Hof, iz £A5H 23 AekE JAl50] AR Fotsh=
Ao g YeGT) o= L brevis &8 I A B-glucosidase
of ofs) B g ekH HE 3RFE0| hydroperoxide®]
ElE BEEE dHls|lERY S8Z AAIsH H 71t
Aoz AZtEr.

3) TBA value

A& 3}ArsEO] & 9 AME2l malondialdehyde(MDA)YS
A EZ SH= TBA value 37 ZIH= Fig. 20 YeERA I
200 ppm F7HEe] 90 AsF R 7oA 2] TBAZLO]
39.9 mg malonaldehyde/kg sampleQ] ©] H]|3] CO= 3452 o
ZIET 135% FHoE 22 FAE YEUIL
(p<0.05), COF2¥= 39.5% o273 5222l Afo|7F QIlx
COF1L 49302 tj2ZH} 271819k 22t 1,000 ppm
A7l = AR f5e FohA BE 28 A9wH(C0
583, COF1 63.9, COF2 83.3)2] TBAZto] TR w-(39.9) 2} 2
7} 459, 60.1, 108.7% G-212 0 & =4 YJEFF(p<0.05), 200
ppm Z7AF AHE FFS HAch

1,000 ppm 1504 TBAZLC] GAH Hol= & 7HA ¥

A= AT ¥H3oks AV Aok O shus ETElE
9] pro-oxidant Z-&o|t}t. 15k EHE2 Holas ol
= SAAA 298 Ad ARE ST 4 AL, o] T4t
3} - 19| A2 Euls w29 48t &40 et &
22 th(Zhou & Elias 2013). AA|Z 200 ppmo]| A thRFETt
$2 TBAZLS YEFEE CO2F COF27} 1,000 ppmo A& &
5 g2+ Astaen, EHs ol 7P =2
COF20| A 1 A5 Fo| 7P A Yetsth ol A7 TBAZL
o] J9- A7t ETulE Tl 2255 AA= FFS 1L
= EYHEY pro-oxidant 2Hg 7Hs S SRS 4F
3t A 55 o £99] 7HHE J7F 2 E FF° U
1, HE A7 & WIS LC-MS 715 tiARA] 242
2 I =297t Sl

]_.

J

4. OW IZFOIMS] AR £ES0| A3t OFEN
AR 2229 §A U ABRIEAS Lobn7] §stel
OW o FHGA 60T A F HEadols Aba et
CDAZ 273 23k Fig. 30 Lrehfgieh. A% 27102)°]
£ BE AR9| SEAuolx 4kd ol OF 200% FAb
shgLoLt, APk Agel wet AR 7k Kol E3tahA Lt
ek 2222 H7SHA) 9 $347} hEF(Control 4
Qo] 163%= 223 5] 9Uol= 45%7H2] Ao AHIA
5] ABFEIOm, o] A7 ol Fol 20| Erhsstel
SE ARES oA Hmslct. W A5f 28 W7
e Abh 257} §olH0z oA|slo], 90U Ak} EAG A
CO, COF1, COF27} Z¥ZF 15.6, 19.3, 192%% Y ZFHTE =2
2he SABHATHp<005). E3] WEAI(COFL, COFe] u%
AHCOET Ak £8E ¥ ARHOE oFFHE RO
UehtuA fAssEEAS Holk o T,
OW o EoN A9 CDA 2% ATHE H|=sfol 4k
e Aot GARE AT BITHFig 3B). FE R
o D 4%0] 6.0 ghgO. 8 Z7Het 5 9] 65 ghgO.E
Vg S GhS 8Ql Uk, 4G 258 WKL D A4
o 21202 A A Icp<0.05). 9% Absk ZANA CDE
&<, CO, COF1, COF27} Z+Z) 6.5, 5.0, 3.1, 3.1 gkgC &,
wae] WdaF U tlRPEch 13 ASHE 44L o &
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Fig. 3. Changes in headspace oxygen content (A) and conjugated diene (B) of O/W emulsions containing Cornus officinalis
extracts during oxidation at 60°C. Control: emulsion without extract, CO: unfermented C. officinalis, COF1: C. officinalis
fermented with 100 mL of Lactobacillus brevis, COF2: C. officinalis fermented with 50 mL of L. brevis. Each value is
meantSD (n=3). Different letters indicate significant differences at p<0.05.

H}How oqXﬂ;}%‘it}(p<0-05). 2 A4 Feiwo]A At
& FF AAE JAISHEA CD AP Hashs AFdE
Ho|HA & A H T FaTo| 4HE JAlsk=T
7P ZATAERl AS & 5 AN
St bulk il A= 12} AFSFE(CDA) Ao wigta+
(COyol 7 AaTAo|Ad At 2, O/W BN = in
vitro FAFSH &/go] 7§45l R (COF1, COF2)0]
48} Ao &= 71 9-4=5HA] UERHT ol AR &9
S A 2 A 7IIsks Aog BZtEt 43k
A= A5l 22 9-A(oil droplet)T} E2] AHOA 7|A]
%] 0 2 (Frankel 5 1994; Shahidi & Zhong 2011), HHEE E3
37k S dle dEol Ado] ¥ o R vig) - 55E
o] ASHE JA|t A o7 HWEHTHLaguerre 5 2015). WA
bulk oilof A= o3t F4 Ad&o] A4 Axte] EAkE o] A
Hofl HFEA] ZstER 1 a7t Jjd o= AljtEr. o]
AE A AAH o whet Fatet /9] o] gEA= A
AL rosemary $EES bulk oil¥} emulsionof| A H] w3t
Frankel 5(1996), Choe E(2020) ¥ Kim 5(2023)2] Alo]#] &
TFolXE B v Qich wEbA R o3t ETHE T
7} B3 bulk oillth O/W B A|AFA B FESSH
Uelhe 2oz gt

ATE SO, in vitro ZAISE 4L Wrad COF27t
g 253 EYuE T Bl 7P a3 =%
o 28y AA AE A AR A= w b} ARsE Ao o
o 22 AR/l 2 2318 Btk Buk ol 13 415}
E(CDAYS "|TEF CO7L 23 AlE(@p-AV)S dad
COF27} 714 & A g ¥, oW B A A E F=Ay
O|A AtA AHQF CD AJA oA ¥a++(COF1, COF2)°]
WA In virro AI}7} AA] AAA Aot Z4ol7} Sl A
& 33E 420 34 - $91% - A S4o) tgelet of
Al 2H-g-517] 22, Kim 5:(2023)2] Alo]A] At A e
o oFAlo] UEtgTh A AH RS Ao 4848
Hr71e W= in vitro A ETO. 2= BRESHY, bulk oild} O/W
“é{?ﬂiq B0 & AEANA A3t GAE A EE T

guiof g2 nolZY

a_oi&drﬂ\I lrur

=)

|

ok ol DEdE

H ARE A9 Bof L brevis WYY 100 mL(COF1)
= 50 mL(COF2)E &5t 30T A] 48A17F ZJx|ulj g2t
TE Almet Eitt 71 i R2(Coe dde R P4t
3} 245 Brhstal, fA Akt Hdof A 9] AkelRHg/dZ Bl
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J_J’_O]' At} In vitro FASE 24 B 7oAl DPPH 2 ABTS 2}
Z 27 8442 COF200A 7 &A1 e 2™ (p<0.05),
Z Zd 5% IEHTPC) COF27} CO iy oF 11% 8-9)2 o
& 3715ttt FRAP &8 = COFR29A 7H) =2 k& o
Effiglon, & EetEo|E FEHTFO Al 1F 594
1 Aol 7F T EA] Ut FAAEIRPE S B7tsk7] 9
sko] 2&E-5 200 2 1,000 ppm BEF F7| 20 H7lsto]
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t}. HH 1,000 ppm T H7F A] TBAZRS BE A 229
A xRS A UEY, 58 15 A7l oJet EA
Hd 9 15% Z95H=9] pro-oxidant 28 7Hs Ao 2 <l
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o] 60°CoA F=Amo]A Ab4 SHFT} conjugated diene(CD)
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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
Amended on 15/05/2026

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 Corresponding 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.



Research Ethics Rules of the Korean Society of Food and Nutrition 213

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 manuscript based on research involving human subjects or Animal Testing, the manuscript must
state that approval has been obtained from the Institutional Review Board (IRB) and the Animal Experimentation Ethics
Committee. For manuscripts based on Survey Studies (including sensory tests), the Editorial Board may request the
submission of Informed Consent Forms and IRB Approvable Letters if necessary. The types of research requiring

approval and the dates of implementation are as follows.

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

human subject

Animal experiment Jul, 1, 2017 Suspend periods(6 month ~ 1
ion i igati ear) for minimize of researchr’s
Question investigation May, 15, 2016 year) .
(survey and sensory confusion
. (Recommended)
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



214 Research Ethics Rules of the Korean Society of Food and Nutrition

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 21st, 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 10th, 2023
Article 5: Date of Enforcement

These regulations shall enter into force on May 15th, 2026



ol
o
o
=2
)

Koo 1
Jo o
fu
o

A F F AR A= 23] 3 et
Yoz o1H, 2AY=E2 de= I

£ a0 REA] 2 Aolofof Tt
9] ZH|o] A (http:/ksfnkn) o] 2241 =2
et

o 29= "yolAlA et

ail: foodnutrl@naver.com

=] AAL AE R, AReA, s = A
At 3 Bl et =29 F4dS ==l
£ oh9] 22Ql FuAIAH] =2kt d= .

- DAAARE A=A EE AT FlYlolojok s, 3d
o] opd ARFQ =% AAlE "WYY Ao u

W
2

;

flo

I
m
k1
rr
_10[1

i

] O

mr
lﬂl‘ir
[>
)
ol

o
n
ey
i

t
=

ot

2}Q]l =31 (Online Submission)S YZ oz 3l
S =% A=A (Submission Form)E 2ZHJ
w23 A7 92 Aok 2 A3 o) =
A (Authors' Agreement of Ethics Policy &
Copyright Transfer)g A|&3tch QMR GA+et &=
4% =Be A7 #YE J|BEE s
IRB(Institutional Review Board) A9]& ¥ AS A
E1A=g=

A| A A & (Systematic  review)T}
analysis)E A|Jgt F4Y} Y=
A 15 5ol ttoto] AR E
A&l 98 B YuE U¥t By =83 FUT
A S AA AR

=29 AAL QAR AAEA 52 B8 A

| EHE A (Meta
B9 es]of

= ige) =

=2 F3 33 217

=
X ==& §1 #%

19884 73 HY MH 19904 12& 102 70y
199644 83 169 WA 199844 123 18 WA
20024 8 8Y JHA 20034 33 8 JHA
20044 33 269 JHA 2006 33 259 JHA
2009 33 259 JHA 20104 83 14 JHA
20124 6 22 JHA 20134 63 20 JHA
20134 93 28 JHA 20144 63 209 JHA
20154 122 17 JHA 2016 63 169 JHA
20234 11 108 7HA 20254 23 149 JHA
20254 102 16 JHA 20264 53 159 JHA

Aol SiAste] APeict =R 39A AAREA}
£ AR AAR & AFstH, 39A AAREARE of

» oA ARt 2919 AARef o] AlFAAR

3R : 26 AAlelA HEIgel A ke A9, |
QA9 AL 7k 95Pe] HAE Atk

- AR HEAE 9fom s, AR AAERE
2 akajx) AR Ao mEd

L QEOR T E: MSYE T
ALgst] AFER A, A A7)k 10-12
AE, & 42 200%= .

A Adels 22 dulR =wAlE, AR
713, AR5 UEhdth AlE Aol hEd A
(Running title)& 7| A8ttt AAE(Running title)
2o Y8e F Uehd 4 UES B o9 kR #
A7t 5 A o9l A9l TAAR HY Yol |
EAE Wtk A&71%0] 02 ASdE A% oF
ol EARZ T TS el mEh Eola, sigel
9] £&7|1% Yo ZL F2E Utk I35 AlA
AE F7HA AFE = Aok A1ARS} S5 Al
A2z A dol ¢ E SAFAR HAISHH, i
FJEOF “These authors contributed equally to this
work”2 HARITh WAIAAE 19 Side] JEl®
Y, 257 2571T Fh AMI, fx I,
email F42 7Yt FE AGFES A Aol
of <", FEL A4 Aold] <, 7E dE

B A F ado] 24 oYU AL, ofe |Ee
WASH Ae] 7hssie.

o HI o

4 I

P



218

10.

11.

12.

13.

14.

15.

16.

T AR ORCID 52 A 423 92 S=23)
ofste], ol FF AZAR Idle] WRY A9 &
22 8% 4 9t}

°J_1_ Al 2¥ol= A = al
Fowg ¥ Abstrac—g- Argich 222 2000 Y
Q—J = HHE gle ©Y STl E 2 e
SHIE =BG oldE & IS ATRH, A,
AFAT7E YehY s A4, stdole 571 oy
9] FJEFAol(keywords)E 7] Y3tch(keywords= I
A} Goj= 17)).
=Eo) B A A2 0 PHCEE A7 o4 2
W), 2% 9 13, 9°F 9 4E, ols5(Conflict
of interest), Z4AFS] =, References?] A= oS EF
oz s, % T8 g0l A AEstol AT
QFEL ofd WH Hio ot Az 4
¥ I 2 8S AU sEoR, =EYAS
71&0=2 ZHAgsly 2,500k0] ©o|uf, Tabled} Figure
ol 3] olake WOz ek
TE ¥ 9 79 AEy AHLe grow Tﬂ-r)r A=
2 Table 1, Fig. 1 5«] £AE B0l EEZS Z
om Obolr Y88 ¢ &= 9lS Axg 7HA, Wi
AT Tabled] AZE EO| gl Figo] AR
99 sicto] 7|Agt 2ol 18 wii= Table 1,
Fig. | 502 EAR) Tableo] Hol1S Holrks 2
Soll= Al ol “continued™E 7|5} Tt
Table®] ol Z}=(footnote)E & W= Table W&
3 AwsL dol 52 B4 ofg okl 44
b2 og Uehie BEEe AgSH gt
BAL FARHC G5Bl p<0.05t} p<0.012 1}

1—1

ru

el migk ARgRith oY AAoAE ¢ b oo
52 ARgSHY shdtol] 1 W8S FASHY.

ZE ®OF J¥2 2% Fol A5 & Aol ot
WAool BE Flo] <AUR JEG & ER F
o] 1 9)x= HA5lojof Bt} 1o AR EE AX
E|2 7i%o] ZH4dste] Hudua AY A8E 5 A
TE gt

232 3o &=+ References= AAFE A=
g5, JEoZ HU|FHE YFo= Jirt UAEE
349] 714 ‘3‘1]b o A
) EEE EE2 gl 98 4
oz g XV}“E}J} AEE TZoto] H7|STh AR
719l A "= ARL A ol qAE HF R
Alstal ARZE 291 ¢ "= F AAY U HA

d(family name)

17. &

18.

19.

=
\__—l_

o&

staL, 39 oldd we A AR HE BIISL
‘T2 &t TEAAY 22 Ak dRe=wd 3
o= A= FHoll a, b, c2 HE7]THTE
oA: 8 AZ°l 2= 3%

Kim HJ(2005)% -

Kim & Lee(2007)= -

Kim 5(2008)2 ---

Park(2007a) -

24 29 o 3%

(K1m HJ 2005), (Kim & Lee 2007), (Kim 5 2008).
2) 2% ol A8ERo] oY Foll= Ao
I7)8ty, durl e AL AAEel Jubdl
+0E H7|SHh
of: (Lee 5 2007; Kim HJ 2008; Pak & Kim
2008)
& 93] 9}%1101] ARE =52 J34802 QLG
B ol A BTt
A Z}9] o] OH%%(Conﬂlct of interest)oF-o] s 7]
AsoF et x4l 2023. 11, 10.]

of|: 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.

References®] W[EL- AALC] FEA Q] dmpy] Lo

Fek AEANA AR 3349 ol A ool

712 o whEc}. References®] 7]|A] o= o3}

2},

1) S&EA

Kim KW, Ko CJ, Park HJ. 2002. Mechanical
properties,  water  vapor  permeabilities  and
solubilities of highly carboxymethylated
starch-based edible films. J Food Sci 67:218-222

2) 94PE

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, 8}9=5%

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

Ciacco CF. 1983. A study on mineral contents in



20.

processed foods. Ph.D. Thesis, North Dakota State
Univ. Fargo. North Dakota
=3

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

5) g3jo)|A 5 LxE 93

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

6) A=A 4

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

=8 9FG L Chemical Abstractso]] Z=3tt}. sh&82-0

= 795? o =R B

ATk

24.

25.

=3 34 219
2 o, 24 F W8S WRAG 48 & Yok
o =REYA "asitn AgEE Age Hiol
At olg BAE 4 itk & osixo] AR =2
o AFEL 2 s3] F
L EaAs 240 ANEES dEstelol . RS
eerloER AR, FHAHORE AHT A9

HA S T Ff-oll= FuArt Aujg FEsit

ot 2o AREHE =22 FAA 18 o 2HSE A
oot s €] 209714 HAYE H 304 o4
9] =2 AAET

AR =2 A BN AFAE =FE AR 4
2 3] &80l Wt QISAlE =79 ARG AL
A& HAJstojof s, A AR Acknowledgments
o 7|Agtet.

7] = Al T 3} A, Al B olE(HA, &
Al DAZ-ELAAD, Ahmfd, 889N 5

21. & ofghd]o} 212, A= 7St FAEY(SI H7] 9JA]: OpenAl. (2026), ChatGPT(5.0, 2025.12.30.),
umt)i B @9 €019 A= 2 St HBAALL(LLM)] I8 B EE BF Al =72 4
LA PHe B2y s RSl Aol 2 gegon], a7xe] A= AH £33,

2ol A 2 i drgstoiof ik 26. 2 Aol BAIHA 2> A2 B LA 2

2. WAL 2i| Fste] At WA AL U et

= HI14E 2 4 B|4H
micrometer 2 pm part per million 20 ppm
millimeter 4 mm molarity 0.1 M
centimeter 6 cm normality 0.05 N
meter 2 m 0.01 N HCI
milligram 2 mg temperature 60C
gram 4¢ 180°F
kilogram 6 kg absolute degree 270K
milliliter 2 mL mega pascal 25 MPa
liter 4 L kilocalorie 2,000 kcal
second 2s gravity 10,000xg
minute 4 min
hour 6 h oF Of
milliliter/minute 2 mL/min optical density 0.D.
meter/second 4 m/s dextrose equivalent D.E.
percent 20%
%(weight/volume) 20%(w/v) 59 1.0~2.0 mg
milligram percent 100 mg%
pH pH 7.0 = A (atb)/(c+d)




220




Guidelines for Submitting Manuscripts 221

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:/ksfikr).

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.

Amended on 05/07/1988 Amended on 10/12/1990
Amended on 16/08/1996 Amended on 18/12/1998
Amended on 08/08/2002 Amended on 08/03/2003
Amended on 26/03/2004 Amended on 25/03/2006
Amended on 25/03/2009 Amended on 14/08/2010
Amended on 22/06/2012 Amended on 20/06/2013
Amended on 28/09/2013 Amended on 20/06/2014
Amended on 17/12/2015 Amended on 16/06/2016
Amended on 10/11/2023 Amended on 14/02/2025
Amended on 16/10/2025 Amended on 15/05/2026

Online submission is the primary method. Authors
should complete the Submission Form and submit
the paper along with the Research Ethics Pledge and
the Authors' Agreement of Ethics Policy &
Copyright Transfer. It is recommended that papers
on Human Subject Research and animal experiments
undergo review by the Institutional Review Board
(IRB) prior to conducting the research.

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.

. The language in the manuscript should be Korean or

English in Ad4-size paper setting, typed using a
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10.

11.
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computer with font size of 10~12 points and the line
spacing should be set at 200%.

The author should provide the title in Korean and
English, the author’s (or authors’) name(s), affiliation
and job position on the first page of the manuscript.
The running title should be provided at the upper
part of the title page. If the number of authors is
two or more, Tmark should be indicated in front of
corresponding author. If affiliations of authors are

sk

different, superscriptions of ~ should be put

at the end of authors name in order. The same
should be
affiliation. It is possible to designate co—first authors.
The

superscript "$" before their names, and the English

marks put in front of respective

first and co-first authors are indicated by a
phrase "These authors contributed equally to this work"
is displayed below. The corresponding authors should
English,
affiliation address, telephone, fax, and e-mail. The

provide author’s name in affiliation,

[73R1}

authors’ names in Korean should have in between

the name and the author’s names in English should

have “” 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
the

manuscript. The abstract must not exceed more than

Korean manuscript on second page of the
200 words in one paragraph and it should provide a
general view of the manuscript by including the
the
bottom, include up to 5 keywords in English (all in

research objectives, methods, and results. At

lowercase).

The paper should follow the standard format with
the
Materials
Methods),

Conclusions, Conflict of Interest, Acknowledgments,

following sections in order: Introduction,
and Methods Study Subjects

Results and Discussion,

(or and

Summary and

12.

13.

14.

15.

16.

1)

and References. The text should be continuously

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
they 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.

precise manner So

1 and etc. when they are quoted from the text
body.

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 » P & & ad e ghould 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
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should be provided. For one work by meore 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 (3 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,
properties,  water  vapor
highly carboxymethylated
starch-based edible films. J Food Sci 67:218-222

Park HJ. 2002.

permeabilities  and

Mechanical

solubilities of

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

cause. Available from

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

of predicate terms shall abide by

recommendation provided by the Society. However, in

abbreviations

case where there is any unavoidable reason, such
exceptions must be clearly explained in the beginning
of the text.

22. In principle, revision is accepted during the proofreading

made by only the authors of the manuscript. No
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24.
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changes or insertions shall be made in the contents
during the revision. Provided, That matters, in case of
deemed necessary, may be revised by an editor. The
copyright of all published articles in the journal of
KFN shall devolve on the Society.

The submitter must pay the specified publication fees
and this published
Additionally, if color photographs are to be printed

journal s online  only.

or if separate attachments are

requested, the
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
the month are published in the corresponding month.

25. If an author uses artificial intelligence tools in the

process of writing a paper, they must disclose the
use of such tools in accordance with the Society’s
ethical guidelines, and relevant details must be
included in the Acknowledgments section.

Items to be included: AI tool company, year, Al
tool name (version, release date/date of use), data
type, method of use, etc.

Example: OpenAl. (2026), ChatGPT (5.0, Dec. 30,
2025), Large Language Model (LLM)] All figures
and tables were generated using Al tools and

included after review by the Investigator.

26. 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 May 15, 2026. Please refer to the
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